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A novel hydrogel for biomedical applications was successfully fabricated by
human-like collagen (HLC) and carboxymethylcellulose (CMC) with 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) and adipic acid dihydrazide (ADH) as cross-
linkers. The interior morphologies of these hydrogels were also characterized before and
after degradation by collagenase I and simulated body fluid (SBF). The results of in vitro
degradability tests of these hydrogels that the CMC-HLC/EDC-ADH hydrogel in SBF
indicated that possesses slow degradability than in collagenase I in vitro. Therefore, the
results provided the possibility that CMC-HLC/EDC-ADH hydrogels are suitable for
biomedical applications such as soft tissue augmentation for their good biocompatibility.
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The in-vitro degradation of hydrogels
systems can be affected by various factors such
as: chemical structure and molecular mass,
formulation and morphology, and thickness of the
used specimen (Tjong SC, 1998). In most situations,
degradation is undesirable since the device will be
intended to remain in the body for a long period of
time without any change in its functional properties
and without inducing any significant adverse
response from the tissues (Williams DF, 1992). In
other cases, however, degradation may be
intentional, if either the function is transient so
that the device requires elimination at an
appropriate time, or if the function relies upon some
degenerative process, as in enzyme solution (Miller
ND, 1987; Zaikov GE, 1989). The degradation

behaviour of hydrogels depends on both chemical
structure and physical state, being of major
importance the hydrophilicity (as in the case of
starch based materials) (Bastiolli C, 1995; Soest
JJG,1996). Since the aqueous environment of the
body remains reasonably constant (pH=7.4 and
T=37!) it should be possible to predict the
susceptibility and kinetics of the in-vivo
degradation process, considering hydrolysis the
only mechanism present (Williams DF, 1992).

Carboxymethylcellulose (CMC), one of
the major cellulose derivatives, is a water-soluble
polysaccharide and has been widely applied in
cosmetics due to its high water retaining ability,
good biodegradability and lack of toxicity (Vasile,
C, 2004; Ogushi, Y, 2007; Elkins TE, 1984). Human-
like collagen (HLC), produced by high cell density
cultivation of recombinant Escherichia coli (Fan
DD, 2002), is a novel water soluble protein with
lower immunogenicity than animal collagen and is
free of pathogens; this could provide reliable
compositions with predictable structure, and it is a
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novel biomaterial that has successfully been used
for the construction of artificial bones (Hua XF,
2005; Yang XJ, 2009) and artificial vascular
scaffolds (Zhu CH, 2009). In this study, we
assumed that the HLC could crosslink with CMC
through amide linkages by 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) and
adipic acid dihydrazide (ADH) as shown in the
reaction scheme reported for CMC, where EDC is
the carboxyl-activating agent and ADH is the
cross-linker.

In order to predict the degradation
behaviors of biomaterials in the human
physiological environment, the in-vitro degradation
tests, in simulated body fluid solutions and collagen
I solution, are able to simulate the interactions
between the body fluids and a biomaterial, and
can allow for the understanding of its stability and
degradation rate.

MATERIALS AND METHODS

Materials
The required HLC was expressed by

E. coli with a cloned partial cDNA reversed from
the mRNA coding for human collagen (Santos,
1991; Zhu, 2009) (Chinese patent number:
ZL01106757.8). CMC, EDC and ADH were also
supplied by Sigma Co, and all solvents and
reagents were analytical grade.
Preparation of the CMC-HLC/EDC-ADH
Hydrogel

The CMC-HLC/EDC-ADH hydrogel was
prepared by mixing 2% (w/v) CMC with an isocratic
volume of 3% HLC solution. The mixture was stirred
for 20 min until complete dissolution was achieved.
Then, 0.06g ADH and 0.02g EDC was added drop
wise until the pH of the solution reached 7.4. The
solutions (sol) were placed in room temperature
for gelling.
The Porous Morphology of Hydrogels

The surface and cross-sectional
morphologies of the hydrogels before and after
degradation were studied by scanning electron
microscopy (SEM) using a JSM-5900LV (Japan).
Bioactivity Evalution

The hydrogels samples were soaked in
an m-SBF at 36.5°C up to 6 weeks for bioactivity
evaluation. The m-SBF were prepared by
dissolving reagent-grade chemicals of sodium

chloride (NaCl), sodium hydrogen carbonate
(NaHCO

3
), potassium chloride (KCl), dipotassium

hydrogen phosphate trihydrate (K
2
HPO

4
•3H

2
O),

magnesium chloride hexahydrate (MgCl
2
•6H

2
O),

calcium chloride (CaCl
2
), and sodium sulphate

(Na
2
SO

4
) into C

4
H

11
NO

3
 (Tris). 1.0 M NaOH and

1.0 M HCl was used to buffer the solution to pH 6.
0-7.4 at 36.5°C (see Table 1).
Collagenase I Degradation

Degradation of hydrogels was performed
in vitro using collagenase I with an activity of
0.5mg/ml. The dried samples were weighed and
sterilized by 60Co irradiation and then immersed in
tubes of 5mL fresh enzyme buffer. The tubes were
kept static at 37.0 ± 0.5 °C in a cell culture box.
After soaking for 1, 2, 3, 4, 5 or 6 weeks, the samples
were withdrawn from the enzyme buffer and then
rinsed with ultrapure water three times, for 30 min
each time. After lyophilization, the dry weights were
measured. Weight loss (W

L
) was calculated

according as W
L
=(W

0
-W

1
)/W

0
×100%, where W

0

and W
1
 are the weights of the sample before and

after soaking, respectively.

Table 1. Composition of 1.5×SBF (pH=7.4) and order
of addition of the reagents to de-ionized water at 37°0

Order Reagent Weight (g/l)

1 NaCl 12.053
2 NaHCO

3
0.533

3 KCl 0.338
4 K

2
HPO

4
•3H

2
O 0.347

5 MgCl
2
•6H

2
O 0.467

6 1M HCl 50 ml
7 CaCl

2
0.438

8 Na
2
SO

4
0.108

9 C4H11NO3 (Tris) 9.177
10 1M NaOH 8.5 ml

RESULTS AND DISCUSSION

Structure of Hydrogels Before and after
Degradation

The SEM microphotographs of the
microstructure and morphology of lyophilized
hydrogels before degradation are shown in Fig.
1A. The hybrid hydrogels each exhibited a different
porous distribution and structure. The surface of
hydrogels is full of pores and the pore size ranges
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Fig. 1. SEM micrographs (×500) of CMC-HLC/EDC-ADH hydrogels at 37 °C after
lyophilization (A), after degradation by collagenase I (B), after SBF degradation (C)

Fig. 2. Scheme of the cross-linking processes. The HLC, CMC or ADH in the figure are
represented as complete molecules except for the reacted carboxylic group or amino group

from several tens to several hundreds of
micrometers, which could be attributed to the
freeze-drying process and cross-linking degree of
HLC and CMC (Fig.2). The interior morphologies
of these hydrogels after enzyme degradation are
shown in Fig. 1B. The surface and interior pores
were most markedly disrupted by enzyme
degradation, and such as many fragment of outer
surface were appeared. The interior morphologies
of these hydrogels after SBF degradation are shown
in Fig. 1C. The surface and interior pores were most
markedly changed. Moreover, the size of crystals

from SBF degradation was investigated. This
crystals may be come from the composition of the
hydrogel, its human-like collagen will combine the
Ca2+ and Mg2+ of SBF solution to chelate
compound16, which forming as crystals appeared
on the structure of dry hydrogels.
The Scheme of Degradation of CMC-HLC/EDC-
ADH Hydrogel

In our study, the effects of cross-linking
with ADH and EDC on the HLC/CMC hydrogel
were evaluated. Scheme of the cross-linking
processes were shown in Fig.2. The carboxylic
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Fig. 3. Scheme of the degradation by collagenase I and SBF

Fig. 4. The weight loss of hydrogels
degradation by collagenase I and SBF

groups of CMC or HLC were activated by EDC to
form the unstable intermediate O-acylisourea, which
subsequently reacted with ADH to form a
hydrazide amino intermediate. Furthermore, the
remaining carboxylic groups of CMC and HLC
activated by EDC at the same time could react with
another hydrazide group of the hydrazide amino
intermediate or the amino groups of HLC, leading
to a highly cross-linked hydrogel of reticular
structure through amide linkage between CMC and
HLC. Restriction enzyme sites of Collagenase I is
hydroxyproline - Leu - Gly - Pro - Ala peptides in

the molecular chain of collagen(Li, et a., 2012).
Therefore, the residue of hydrogels after
degradation were discovered. Scheme of the
degradation of CMC-HLC/EDC-ADH hydrogel by
collagenase I were shown in Fig.3A. The CMC-
HLC/EDC-ADH hydrogel was represent by model
A, it compose by HLC chain, -CONH, -ADH chains
and CMC chains. The HLC chains of hydrogels
(Fig.B1) to get to the restriction enzyme sites of
Collagenase I in solution, where the HLC chains
were cut off by Collagenase I lead to hydrogel was
disconnect to HLC chains. The residue of hydrogel
(Fig.3B2) were seen in Fig.3B. while the whole
hydrogels system after degradation by
Collagenase I were seen in Fig. 3B3. The interior
morphologies of hydrogel system have not change
clearly, but remain large number of HLC chains
was lost. Scheme of the degradation by SBF were
shown in Fig.3C. A large number of Ca2+ and Mg2+

were exist in the SBF solution, and was easy to
combine together with HLC to formation of chelate
compound(Li, 2012; Yu, 2011). Therefore, the Ca2+

and Mg2+ of dissociative was connect with HLC in
SBF solution were seen in Fig. 3C, the hydrogel
was taken out after degradation by SBF, the
hydrogel were seen in Fig. 3C. The hydrogels was
not changed completely, and a lot of metalion was
observer in the surface of morphologies of
hydrogels (Fig. 3C).
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In vitro Hydrolysis Degradation Behavior
The resistance to degradation of the

hydrogels was studied in vitro by examining
weight loss with time in 10% (w/v) collagenase
I and SBF at 37°C. Overall,  weight loss
increased with time after degradation by
collagenase I (Fig.4). The weight loss up to
100% after degradation by collagenase I at 6
weeks, while only half weight loss discovered
in SBF degradation. This mainly due to the
composition of hydrogels was degradated by
physiological saline, no matter what metalion
was connected to hydrogels. It also explain the
CMC-HLC/EDC-ADH hydrogels  is
biodegradable materials.

CONCLUSION

In this study, the in-vitro degradation
tests, in simulated body fluid solutions and collagen
I solution were test. This hydrogel had a highly
porous structure after degradation by collagenase
I and the higher weight loss, while had crystal
forming by SBF and the lower weight loss. Results
also showed that the morphology of the injected
gel resisted change for a relatively long time in
vivo and degraded slowly over time.
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