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Abstract

engineering.

Injectable hydrogels have emerged as a great candidate in tissue engineering for they can be delivered via a
minimally invasive manner. Here, we report an in situ forming hydrogel composited of oxidized dextran (Odex) and
modified gelatin. The dynamic gelling process was measured through rheological measurements. The effect of the ratio
of Odex and gelatin on gelling time, microstructure, swelling ratio and in vitro degradation of the composite hydrogels
were examined. Biological assess was performed through WST-1 Assay by using Synovium-derived Mesenchymal
Cells (SMSCs). According to the results, adjustable physicochemical properties can be obtained through simply altering
the ratio of Odex and gelatin. Moreover, with the increase of incorporated gelatin, better biocompatibility was shown
in the composite hydrogels, which exhibited its potentially high application prospect in the field of cartilage tissue

Keywords: Oxidized dextran (Odex); Gelatin; Synovium-derived
mesenchymal cells (SMSCs); In situ; Hydrogel; Tissue engineering

Introduction

Articular cartilage plays an important role in withstanding
enormous mechanical load to protect the underlying bones. As the
average human life expectancy increases, a significant number of
patients undergo a variety of medical procedures for the repair of
articular cartilage defects caused by sports injury or degenerative
diseases such as osteoarthritis (OA) and Rheumatoid Arthritis (RA).
Cartilage cannot undergo spontaneous repair because of a lack of
access to the blood supply, so cartilage defects can further damage
other articular tissues and result in pain, swelling and hopping.

Tissue engineering is a comprehensive field that involves the
application of engineering principles and life sciences for the creation
of substitutes to improve or replace biological functions. It involves the
use of specific cells, suitable scaffolds as cell transplantation vehicles
and appropriate biochemical signaling molecules as biological cues
to direct cells towards differentiation. Hydrogels, highly hydrated
cross-linked polymer networks and extremely similar to the nature
of the extracellular matrix, have emerged as powerful and efficacious
scaffolds for 3D cell culture [1-4]. Currently, there is an increasing
interest in the development of novel hydrogel systems, one of which is
aqueous injectable, in situ gel-forming system. This injectable matrix
could be directly delivered into voids or cavities through a needle or
a catheter and does not require surgical implantation [5-7]. Due to its
viscous behavior, the system could fit a cavity or a defect easily (e.g.
cartilage defect) [8]. Moreover, various potential therapeutic agents,
such as drugs [9,10], cells [11,12] and growth factors [13,14], could also
be incorporated into the matrix by pre-mixing.

Dextran, composed of linear a-1,6-linked D-glucopyranose
resides with a few percent of a-1,2, a-1,3 and a-1,4 linked side
chains, is a naturally colloidal, hydrophilic, biocompatible, and
nontoxic polysaccharide [15,16]. It has been widely researched
as a macromolecular carrier for delivery of drugs or proteins for
biomedical applications [17]. Architecturally, the affluent hydroxyl
groups on the main-chain of dextran make it possible to be oxidized
with periodate to produce an entity with multiple aldehyde groups,
which serves as a cross-linker for those polymers bearing free amino
groups to form hydrogels [18]. Gelatin is a collagen-derived protein
with unique gelation behavior ascribe to physical crosslinking of the
triple-helix conformation of native collagen [19]. However, gelatin

hydrogel has a rapid solubilization in aqueous environment and melts
easily within body temperature range, thus limiting its potential in
biomedical applications.

In this study, we have modified gelatin with ethylenediamine to
keep the gelatin an liquid status at room temperature at a high mass
fraction (20 wt%). The amino groups content of modified gelatin
also increased and react with aldehyde groups of oxidized dextran
to form hydrogels. The physicochemical properties of the quickly
in situ gel-forming hydrogels were investigated in terms of gelation
time, swelling ratio, degradation behavior and gel morphology. The
Synovium-derived Mesenchymal Cells (SMSCs) are multipotent
progenitor cells and have the capacity to differentiate into a variety
of connective tissue cells including bone, cartilage, and adipose tissue
both in vitro and in vivo. We further characterized the cytotoxicity and
biocompatibility of our hydrogel with SMSCs. Specifically, adhesion
and spreading of the SMSCs on hydrogel surface were studied as well
as the viability of SMSCs was evaluated by WST-1 assay. The results
show that in situ forming hydrogel from oxidized dextran and gelatin
are suitable as scaffolds to support the survival of SMSCs and they
have high potential for cartilage repair.

Materials and Methods
Materials

Dextran, sodium periodate, ethylenediamine, gelatin and
N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide  hydrochloride
crystalline (EDC) were purchased from Sigma-Aldrich (St. Louis,

MO, USA). Fetal Bovine Serum (FBS), Phosphate Buffered Saline
(PBS), Dulbecco’s modified Eagle’s medium (DMEM), collagenase
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I1, penicillin-streptomycin solution and all other culture media and
reagents were purchased from Gibco Life Technologies Corporation
(Carlsbad, CA, USA). WST-1 was purchased from Roche Applied
Science (Indianapolis, IN, USA). Tissue culture flasks were obtained
from BD Biosciences Corporation (San Jose, CA, USA).

Synthesis of oxidized dextran and modified gelatin

Oxidized dextran (Odex) was synthesized by reacting with
sodium periodate. Briefly, Odex was prepared by first dissolving 10
g of dextran in 100 mL of distilled water, followed by the addition
of a desired amount of NalO, (6.34 g dissolved in 100 ml of water).
The solution was stirred at room temperature for 6 hours and shielded
from light. Then 2 ml of ethylene glycol was added to terminate the
oxidation reaction. The resulting solution was dialyzed exhaustively
for 3 days against water and lyophilized to obtain the final Odex. The
isolated yields were 75%.

Gelatin was dissolved in Phosphate Buffered Solution (PBS) to a
final concentration of 5 wt% at room temperature. Ethylenediamine
and EDC were added into the gelatin solution. The molar ratio of
the carboxyl groups on gelatin chains, EDC and ethylenediamine
was 1:2:40. Immediately after that, the pH of solution was adjusted
to 5.0 by adding hydrochloric acid (HCI).The reaction mixture was
agitated at room temperature overnight, and then dialyzed against
Double-Distilled Water (DDW) for 48 hours to remove the excess ED
and EDC. The dialyzed solution was freeze-dried at -80°C to obtain a
modified gelatin.

Hydrogel preparation

10 wt% Odex and 20 wt% gelatin was prepared in PBS for
physicochemical characterization, separately. Odex and gelatin were
mixed at weight ratio of 7:3, 6:4, 5:5, 4:6 and 3:7 at 37°C. The different
mixture solutions were injected into round molds and then incubated
at 37°C for gel forming.

Rheological measurements and gelation time

Rheological measurements were performed on a rheometer. The
aqueous polymer solution was mixed and pipetted directly onto the
bottom plate, and the top plate was lowered to contact the gelling
solution with a 1 mm gap size. For time sweeping tests, the storage
moduli G’ and loss moduli G” of hydrogels were monitored as a
function of time at a frequency of 1 rad/s and a shear strain of 2%
under a constant temperature of 37°C.

The time to form a gel (defined as gelation time) was determined
using the tube tilting method. No flow within 15 s upon inverting
the tube was regarded as the gel state. In brief, a 1.5 ml eppendorf
tube containing 0.5 ml of the mixture of Odex and gelatin solution
was immersed in a water bath at 37°C and gently vortexed. When no
fluidity was visually observed upon inverting the tube, the gel state
was determined, and the time cost was defined as the gelation time.
All samples were analyzed in triplicate.

SEM analysis

To characterize the internal microstructures of the composite
hydrogel, the hydrogel samples were rinsed with deionized water for
five times at room temperature, frozen in liquid nitrogen at -80°C and
then lyophilized to get porous scaffolds. The dried hydrogel samples
were cut to expose the cross-sections and coated with gold for 120
seconds using a sputter coater. The samples were observed by using
scanning electron microscopy (SEM, JSM-5600, Japan) under an
accelerating voltage of 10 kV.

Swelling analysis

To study the swelling kinetics of the modified hydrogels, the
Odex/gelatin hydrogels at different ratios (3:7, 4:6, 5:5, 6:4, 7:3) were
frozen at -80°C and lyophilized in a vacuum oven. The dry hydrogels
were weighed (W) and then immersed in PBS at 37°C. After 24 h of
incubation, the samples were removed from the PBS and the water
on the surface was quickly wiped out with a filter paper so that the
swollen weight could be measured (W) accurately. The Swelling Ratio
(SR) was then calculated according to the following equation: SR=W /
w,.
In vitro degradation

To determine the weight loss due to hydrolytic degradation,
hydrogels were divided into four groups (day 3, day 7, day 14, day 21)
for time-control degradation study. The samples (n=3) were prepared
from blending 10 wt% Odex and 20 wt% gelatin aqueous solutions in
different ratios (3:7, 4:6, 5:5, 6:4, 7:3) and pre-swollen in PBS overnight.
Subsequently, the weight of the sample was record as W, and the
hydrogels were completely submerged in PBS at 37°C. At different
time intervals, the samples were removed from the solution, blotted
dry and then weighed to determine the weight of the remaining mass
(W)). The PBS was replaced every 3 days and the experiments were
performed in triplicate. The weight loss (%) was calculated as the
following formula: weight loss=(W -W,)/W x100%.

Cell culture

Synovium-derived mesenchymal cells (SMSCs) were isolated
and expanded as reported by De Bari et al. [20]. In Brief, synovial
membrane tissue was harvested aseptically from the knee joint of New
Zealand white rabbits in accordance with the guidelines approved
by the animal committee of Fudan University, China. The synovial
tissue collected was rinsed three times with PBS solution containing
antibiotics (100 units ml' penicillin, 100 units ml"' streptomycin),
minced and digested with trypsin-EDTA (0.1% trypsin, 0.4 mM
EDTA) at 37°C for 30 minutes, then digested using 0.1% collagenase
IT in complete medium (low-glucose Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% Fetal Bovine Serum (FBS) and
antibiotics) at 37°C for 2 hours. After incubation cells were collected
from digested solution with filter, centrifugated at 1500 rpm for 5
minutes to obtain a cell pellet and resuspended in complete medium
at suitable concentration. Then cells were seeded in culture flasks and
allowed to proliferate in the complete medium at 37°C in a humidified
atmosphere of 5% CO,. The complete medium was replaced once every
3-4 days. When the attached cells reached 90% confluence after 9-12
days of primary culture, they were washed twice with sterilized PBS
solution, collected by treatment with trypsin-EDTA (0.25% trypsin, 1
mM EDTA) and seeded in new culture flasks at a dilution rate of 1:4
for the first subculture.

SMSCs adhesion and spreading

Mixed solution was uniformly added in the 24-well tissue culture
plate and crosslinked by incubated at 37°C for 12 h. SMSCs were
seeded on the hydrogel surface at a density of 5,000 cells well-1. Then
500 pl complete medium was added to each well and the cells were
incubated at 37°C in a humidified atmosphere of 5% CO,. After 3 days
cell-seeding hydrogels were washed with PBS for two times to remove
unattached cells. Images of cells were acquired with imaging software
through microscope.

Cell viability
Cell viability was determined using a WST-1 Assay Kit. For this
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assay, each 300 pl mixed solution was injected into 24-well tissue
culture plate and formed hydrogel at 37°C. The synovium-derived
mesenchymal cells suspension with cell density of 1x10° cells/mL was
injected on the surfaces of hydrogel. The cell-seeding hydrogels were
incubated at 37°C in a humidified atmosphere of 5% CO,. The culture
medium was exchanged every day. After 3 days and 7 days culture,
200 pl WST-1 solution was added to each well and incubated for 2
hours at 37°C. Then the medium with WST-1 was transferred to 96-
well tissue culture plate and the absorbance was read at 450 nm. All
experiments were carried out in triplicate.

Statistical analysis

Tests were done in three replicates, unless otherwise stated. All
quantitative data were recorded and statistically analyzed by SPSS
19.0. Values were expressed as the mean of three replicates and
Standard Deviation (SD). Experimental results were also analyzed by
one-way ANOVA. For all statistical tests, the level of significance was
set at p<0.05.

Results and Discussion

Preparation of oxidized dextran and modified gelatin

Dextran contains vicinal hydroxyl groups and the periodate
ion attacks one of the vicinal hydroxyl groups in dextran and yields
two aldehyde groups (Figure 1A). The oxidized dextran bearing
aldehyde groups serves as a good macromolecular crosslinker for
polymers with amino groups. In general, gelatin maintains a gel
state under room temperature, which was unfavourable for injectable
applications. Here, through reaction with ethylenediamine, carboxyl
groups on gelatin chains were chemically modified to amino groups
(Figure 1B). Therefore, the strong hydrogen bonds between amino
and carboxyl groups, which mainly attribute to the gel state of gelatin,
could be disrupted. As a result, gelatin at concentration of 20 wt%
could maintain its liquid state at room temperature.

Rheological analysis and gelation time

When Odex and gelatin solutions were mixed together at 37°C,
the hydrogels were formed rapidly through a Schiff-base reaction
between aldehyde groups and amino groups. The gelation process
was monitored by rheological measurements. Figure 2 shows the
variation of storage modulus (G’), loss modulus (G”) as well as the
complex viscosity (n*) versus time for the Odex/gelatin hydrogel (ratio
5:5) preparation during hydrogel forming at 37°C. After mixing, G’ is
lower than G” and the system exhibited the behavior of a viscous fluid
as the compound solution of Odex and gelatin. Then both moduli
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Figure 1: Scheme of chemical modifications and the composite hydrogel
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Figure 2: Rheological analysis: the relationship between storage modulus (G’),
loss modulus (G”) and complex viscosity (n*) with time after mixing at 37°C.
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Figure 3: Gelation time of different oxidized dextran/amino gelatin hydrogels

formation via Schiff base reaction.

measured by test tube inverting method.

increased quickly and the solutions begin to gel. With the happening
of Schiff base reaction between the aldehyde residues of Odex and the
amino residues of gelatin, the growing rate of G’ was much higher
than that of G”. Therefore, there was a crossover point where storage
modulus is equal to loss modulus. This crossover point was normally
considered as “gel point”(tgel) and indicative of transition of the Odex/
gelatin system from a viscous behavior dominated liquid-phase to
an elastic behavior dominated solid-phase [21]. At last both moduli
leveled off and a well-developed three-dimensional network formed.
n* of the system also underwent a similar transformation, a rapid
increase at the beginning followed by leveling off over time. For the
Odex/gelatin (ratio 5:5) system, t , was approximately 95s, which was
very fast during hydrogel formation.

In the tube tilting test, the time required for solution transforming
into gel was recorded as gelation time. Figure 3 shows the gelation
time for different hydrogels. With the increase of Odex’s content, the
gel time clipped. Specifically, when the proportions of Odex/gelatin
increased from 3/7 to 5/5, the gel time was shortened from 790 to 190
seconds. It is inferred that the Odex concentration has a significant
impact on this in situ crosslinkable system and the gelation speed
could be modulated by adjusting the concentrations of Odex/gelatin.
This provides us an easy way to modulate the gel time.

Morphology of hydrogels

As shown in figure 4A, Odex and gelatin solutions were separately
prepared in syringes and injected into culture dish. Then the gel can
be formed in a short time. In this study, all hydrogel samples were
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Figure 4: (A) Photograph of forming hydrogel by syringes; (B and C) SEM
micrographs for lyophilized hydrogel samples. Scale bar represents 50 pm.
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Figure 5: (A) Dependence of the swelling ratio of Odex/gelatin on the volume
ratio of Odex and gelatin; (B) Hydrolytic degradation of Odex/gelatin with
different ratios.

flash-frozen at -80°C in liquid nitrogen and lyophilized. After that,
the corresponding cross-section of the dry samples was observed
by SEM. Figures 4B and 4C showed the SEM micrographs of freeze-
dried hydrogels. All hydrogels showed good interconnected porous
structures with an average pore sizes ranging from 50-200 pum. The
high interconnected structure is necessary for tissue engineering
scaffolds to promote nutrient and gas diffusion, allow cellular
ingrowth and retain high water [22]. Therefore, the hydrogels might

Swelling and degradation analyses

The swelling behavior is an important property of tissue
engineering scaffold because it relates to the diffusion of signaling
molecules and nutrients [23]. Figure 5A indicates the swelling results
of freeze-dried composite hydrogels in PBS. The dry Odex/gelatin
hydrogels could absorb large quantity of water from 19.47 to 43.45
times of their original dry weight, suggesting that they could be good
scaffolds to retain tissue fluid and nutrients in vivo. Figure 5A also
revealed the relationship between the swelling ratio of the Odex/
gelatin hydrogels and the Odex content in the hydrogels. Generally,
the swelling ratio of a hydrogel is related to physicochemical factors,
such as the crosslinking density, gel composition, network structure,
etc [24].

The swelling ratio decreased rapidly from 43.45 to 19.47 with the
increase in the Odex content from 30 to 50%, which can be ascribed
to the increase of crosslinking degree. Thereafter, with an elevation
of Odex content from 50 to 70%, the crosslinking density in the
hydrogels declined and the swelling ratio increased slightly from 19.47
to 25.94. In this regard, the variation of the swelling ratio corresponds
well with the information of the gelation time depicted in figure 3.
It is also worthwhile to notice that group 5/5 exhibited apparently
different swelling property compared with groups of 3/7 and 4/6.
We ascribe this obvious decline on swelling ratio to the decrease
content of gelatin, which have a strong ability to absorb water. From
the clinical aspect, over load swelling ratio of the scaffolds may cause
pressure to the surrounding tissues. In contrast, under load swelling
ratio of the scaffolds would result in insufficient nutrients exchanged
from surrounding circumstances. Meanwhile, the scaffolds with

inadequate swelling ratio may escape from the implant point easily
[25]. Therefore, the Odex/gelatin hydrogel with an adjustable swelling
property can meet those requirements by changing the ratio of
components.

The degradation of five composite hydrogels was monitored as by
incubating in PBS at 37°C, as shown in figure 5B. Apparently, the ratio
of Odex and gelatin has great impact on the weight loss of samples.
Concretely, the 3:7 Odex/gelatin hydrogel exhibited the fastest
degradation rate and totally degraded after 7 days. By contrast, 4:6 and
5:5 groups showed a more controllable degradation rate due to higher
crosslinking density. Since gelatin can be easily solubilized in aqueous
environment [26], groups of 6:4 and 7:3 with an incline of gelatin have
the strongest resistance to degradation that they could still hold more
than 50% of the initial weight after three weeks. Generally, it takes
at least 14 days for the stem cells seeded in hydrogels to generate
extracellular matrices for neo-cartilage formation [27]. The results
indicate that the Odex/gelatin hydrogels may support the proliferation
of stem cells to repair cartilage defect in tissue engineering.

SMSCs adhesion and spreading

In this experiment, SMSCs were used to characterize the
biocompatibility of the in situ gelling system due to the capacity
to differentiate into cartilage tissue both in vitro and in vivo. The
adhesion and proliferation of SMSCs on the hydrogels are studied by
culturing the cells on thin hydrogel films. SMSCs seeded in 24-well
tissue culture plate served as the positive control. As demonstrated
in figure 6, cell attachment and spreading varied with the changing
of the Odex and gelatin ratio. In brief, with the ratio of Odex/gelatin
increasing from 3/7 to 7/3 (a-e), the matrix became more and more
resistant for SMSCs to adhere and spread. The explanation is based
on the report by Massia that dextran limits cell adhesion and resists
adsorbing protein [28]. Gelatin, like other ECM proteins such as
collagen and fibrin, is capable of promoting cell adhesion [24]. Thus,
with the increase of incorporated gelatin, better adhesive property
was exhibited from the study.

Cell viability

The WST-1 Assay was implemented to quantitatively investigate
cell viability of SMSCs on the hydrogels after 3 and 7 days. As shown
in figure 7, there was a significant effect of gelatin concentration
(p<0.05) and culture time (p<0.05) on cell viability. The statistical
analysis revealed that SMSCs had an increased metabolic activity on
the hydrogels with the increase of incorporated gelatin. And after 7

d 6/4 e 7/3

f control
Figure 6: Micrographs of SMSCs grown on the surface of (a) 3/7, (b) 4/6, (c)

5/5, (d) 6/4, (e) 7/3 Odex/gelatin hydrogels and in (f) 24-well tissue culture plate,
3 days after seeding.
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Figure 7: The activity of synovium-derived mesenchymal cells on hydrogels in
the WST-1 assay: the absorbance was read at 450 nm. (*) indicates significant
difference with Fischer’s LSD.

days in vitro culture, SMSCs on the surface of hydrogels remained
viable and proliferative compared with the day 3 group, indicating
the good cytocompatibility of hydrogels. These results implied that
Odex/gelatin hydrogels might be good scaffold materials which have
excellent biocompatibility.

Conclusion

In this study, we prepare a novel biodegradable, fast in situ
forming hydrogel based on oxidized dextran and amino gelatin.
Dextran is oxidized to generate aldehyde functional groups to react
with free amino groups of modified gelatin for formulating nontoxic
hydrogels with highly porous structures. The physical properties, such
as rheological behavior, swelling ratio, gelling time and degradation
are investigated. Results indicate that the physical properties could
be modulated through simply changing the proportion of Odex and
gelatin. Surface adhesion and spreading of cells have been testified by
using synovium-derived mesenchymal cells, and the incorporation
of gelatin into the hydrogels significantly promoted adhesion of
SMSCs and supported spreading and proliferation of SMSCs in
vitro. Furthermore, WST-1 assay demonstrated that the composite
hydrogels with higher gelatin concentration possess more excellent
biocompatibility and could promote cell proliferation more effectively
in vitro. The multi advantageous features make this hydrogel an
attractive material as transient cartilage tissue substitutes in tissue
engineering.

Acknowledgments

We thank Xiaohua Geng for technical assistance in this study. This work
was financially supported by the National Natural Science Foundation of China
(Contract Grant No. 81171671, No. 81071468).

References

1. Lutolf MP, Hubbell JA (2005) Synthetic biomaterials as instructive extracellular
microenvironments for morphogenesis in tissue engineering. Nat Biotechnol
23: 47-55.

2. Mather ML, Tomlins PE (2010) Hydrogels in regenerative medicine: towards
understanding structure-function relationships. Regen Med 5: 809-821.

3. Tibbitt MW, Anseth KS (2009) Hydrogels as extracellular matrix mimics for
3D cell culture. Biotechnol Bioeng 103: 655-663.

4. Slaughter BV, Khurshid SS, Fisher OZ, Khademhosseini A, Peppas NA
(2009) Hydrogels in regenerative medicine. Adv Mater 21: 3307-3329.

5. Benoit DS, Schwartz MP, Durney AR, Anseth KS (2008) Small functional
groups for controlled differentiation of hydrogel-encapsulated human
mesenchymal stem cells. Nat Mater 7: 816-823.

6. Macaya D, Spector M (2012) Injectable hydrogel materials for spinal cord
regeneration: a review. Biomed Mater 7: 012001.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Shibata H, Heo YJ, Okitsu T, Matsunaga Y, Kawanishi T, et al. (2010)
Injectable hydrogel microbeads for fluorescence-based in vivo continuous
glucose monitoring. Proc Natl Acad Sci USA 107: 17894-17898.

Balakrishnan B, Banerjee R (2011) Biopolymer-based hydrogels for cartilage
tissue engineering. Chem Rev 111: 4453-4474.

Bhattarai N, Gunn J, Zhang M (2010) Chitosan-based hydrogels for controlled,
localized drug delivery. Adv Drug Deliv Rev 62: 83-99.

. Chung HJ, Park TG (2009) Self-assembled and nanostructured hydrogels for

drug delivery and tissue engineering. Nano Today 4: 429-437.

. Phelps EA, Enemchukwu NO, Fiore VF, Sy JC, Murthy N, et al. (2012)

Maleimide cross-linked bioactive PEG hydrogel exhibits improved reaction
kinetics and cross-linking for cell encapsulation and in situ delivery. Adv
Mater 24: 64-70.

.Wong Po Foo CT, Lee JS, Mulyasasmita W, Parisi-Amon A, Heilshorn SC

(2009) Two-component protein-engineered physical hydrogels for cell
encapsulation. Proc Natl Acad Sci U S A 106: 22067-22072.

. Park H, Temenoff JS, Tabata Y, Caplan Al, Raphael RM, et al. (2009) Effect of

dual growth factor delivery on chondrogenic differentiation of rabbit marrow
mesenchymal stem cells encapsulated in injectable hydrogel composites. J
Biomed Mater Res A 88: 889-897.

. Vulic K, Shoichet MS (2012) Tunable growth factor delivery from injectable

hydrogels for tissue engineering. J Am Chem Soc 134: 882-885.

. Nowakowska M, Zapotoczny S, Sterzel M, Kot E (2004) Novel water-soluble

photosensitizers from dextrans. Biomacromolecules 5: 1009-1014.

. Mehvar R (2000) Dextrans for targeted and sustained delivery of therapeutic

and imaging agents. J Control Release 69: 1-25.

. Ferdous A, Akaike T, Maruyama A (2000) Inhibition of sequence-specific

protein-DNA interaction and restriction endonuclease cleavage via triplex
stabilization by poly(L-lysine)-graft-dextran copolymer. Biomacromolecules
1: 186-193.

. Draye JP, Delaey B, Van de Voorde A, Van Den Bulcke A, Bogdanov B, et

al. (1998) In vitro release characteristics of bioactive molecules from dextran
dialdehyde cross-linked gelatin hydrogel films. Biomaterials 19: 99-107.

. Boudet C, lliopoulos I, Poncelet O, Cloitre M (2005) Control of the chemical

cross-linking of gelatin by a thermosensitive polymer: example of switchable
reactivity. Biomacromolecules 6: 3073-3078.

De Bari C, DellAccio F, Tylzanowski P, Luyten FP (2001) Multipotent
mesenchymal stem cells from adult human synovial membrane. Arthritis
Rheum 44: 1928-1942.

Winter HH, Chambon F (1986) Analysis of linear viscoelasticity of a
crosslinking polymer at the gel point. J Rheol 30: 367-382.

Suri S, Schmidt CE (2009) Photopatterned collagen-hyaluronic acid
interpenetrating polymer network hydrogels. Acta Biomater 5: 2385-2397.

Park H, Guo X, Temenoff JS, Tabata Y, Caplan Al, et al. (2009) Effect
of swelling ratio of injectable hydrogel composites on chondrogenic
differentiation of encapsulated rabbit marrow mesenchymal stem cells in
vitro. Biomacromolecules 10: 541-546.

Liu Y, Chan-Park MB (2009) Hydrogel based on interpenetrating polymer
networks of dextran and gelatin for vascular tissue engineering. Biomaterials
30: 196-207.

Weng L, Pan H, Chen W (2008) Self-crosslinkable hydrogels composed of
partially oxidized hyaluronan and gelatin: in vitro and in vivo responses. J
Biomed Mater Res A 85: 352-365.

Digenis GA, Gold TB, Shah VP (1994) Cross-linking of gelatin capsules and
its relevance to their in vitro-in vivo performance. J Pharm Sci 83: 915-921.

Li F, Ba QJ, Niu SM, Guo Y, Duan YK, et al.(2012) In-situ forming
biodegradable glycol chitosan-based hydrogels: Synthesis, characterization,
and chondrocyte culture. Mater Sci Eng C 32: 2017-2025.

Massia SP, Stark J, Letbetter DS (2000) Surface-immobilized dextran limits
cell adhesion and spreading. Biomaterials 21: 2253-2261.

Adv Genet Eng

ISSN: 2169-0111  AGE, an open access journal

Volume 2 - Issue 1+ 1000105


http://www.ncbi.nlm.nih.gov/pubmed/15637621
http://www.ncbi.nlm.nih.gov/pubmed/20868335
http://www.ncbi.nlm.nih.gov/pubmed/19472329
http://www.ncbi.nlm.nih.gov/pubmed/20882499
http://www.ncbi.nlm.nih.gov/pubmed/18724374
http://www.ncbi.nlm.nih.gov/pubmed/22241481
http://www.ncbi.nlm.nih.gov/pubmed/20921374
http://www.ncbi.nlm.nih.gov/pubmed/21417222
http://www.ncbi.nlm.nih.gov/pubmed/19799949
http://www.sciencedirect.com/science/article/pii/S1748013209000905
http://www.ncbi.nlm.nih.gov/pubmed/22174081
http://www.ncbi.nlm.nih.gov/pubmed/20007785
http://www.ncbi.nlm.nih.gov/pubmed/18381637
http://www.ncbi.nlm.nih.gov/pubmed/22201513
http://www.ncbi.nlm.nih.gov/pubmed/15132694
http://www.ncbi.nlm.nih.gov/pubmed/11018543
http://www.ncbi.nlm.nih.gov/pubmed/11710099
http://www.ncbi.nlm.nih.gov/pubmed/9678856
http://www.ncbi.nlm.nih.gov/pubmed/16283729
http://www.ncbi.nlm.nih.gov/pubmed/11508446
http://journalofrheology.org/resource/1/jorhd2/v30/i2/p367_s1?isAuthorized=no
http://www.ncbi.nlm.nih.gov/pubmed/19446050
http://www.ncbi.nlm.nih.gov/pubmed/19173557
http://www.ncbi.nlm.nih.gov/pubmed/18922573
http://www.ncbi.nlm.nih.gov/pubmed/17688243
http://www.ncbi.nlm.nih.gov/pubmed/7965669
http://www.sciencedirect.com/science/article/pii/S092849311200241X
http://www.ncbi.nlm.nih.gov/pubmed/11026631

	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods
	Materials
	Synthesis of oxidized dextran and modified gelatin
	Hydrogel preparation
	Rheological measurements and gelation time
	SEM analysis
	Swelling analysis
	In vitro degradation
	Cell culture
	SMSCs adhesion and spreading
	Cell viability
	Statistical analysis

	Results and Discussion
	Preparation of oxidized dextran and modified gelatin
	Rheological analysis and gelation time
	Morphology of hydrogels
	Swelling and degradation analyses
	SMSCs adhesion and spreading
	Cell viability

	Conclusion
	Acknowledgments
	Figure 1

	Figure 2

	Figure 3

	Figure 4

	Figure 5

	Figure 6

	Figure 7

	References



