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Abstract
Hydrogels are crosslinked polymeric networks with a
large number of hydrophilic domains. They can expand in
numerous solvents and aqueous environments without
dissolving owing to the chemical or physical bonds
formed between polymer chains. During the past decades,
hydrogels have been designed using synthetic or natural
polymers like proteins or polysaccharides for biomedical
applications such as tissue engineering. Due to its
biocompatibility and its structure, most commonly used
in tissue engineering is collagen, the most abundant
structural protein of the extracellular matrix, which is
predominantly found in fibrous connective tissues. In the
present study to obtain hydrogels alongside collagen was
used also dextran, a polysaccharide derived from glucose
condensation. The crosslinking was made under the
influence of riboflavin, which is a water-soluble vitamin
that plays an important role in the production of energy in
the body. In addition, the hydrogels have been exposed to
physical treatments like UV radiation and lyophilization.
The hydrogels were characterized using FT-IR spec-
troscopy and to highlight the hydrogels porous was used
microscopy in phase contrast and fluorescence micro-
scopy. The citocompatibility tests (MTT) indicated nor-
mal values for the cells viability in the presence of
hydrogels. For detection of living cells the hydrogels a
treatment with calcein AM solution was used and for
detection of living cell nuclei was used the DAPI
solutions.
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1 Introduction

Tissue engineering is a modern field of the regenerative
medicine which integrates all the technologies using live
cells or biomaterials (synthetic or natural) with the purpose
of promote the quality of human life by obtaining tissues and
bioartificial organs, outside the body, in vitro. Natural
polymers, specifically collagens and polysaccharides, are
frequently used for hydrogel preparation because of their
biocompatibility and chemical structure. Hydrogels consist
of a water swollen network of crosslinked polymer chains
that can have a wide range of physical and biological
properties depending on the composition of the polymer and
the nature of the crosslinks [1, 2].

Until now, biocompatible and biodegradable hydrogels
have been designed using polysaccharides and functional-
ized polysaccharides for biomedical applications such as
tissue engineering. Due to the advantage of biocompatibility
and biodegradability, the natural polymers such as collagen
and dextran have been studied as the potential matrix for
tissue engineering applications [3–7].

Collagen is the most abundant structural protein of the
extra cellular matrix (ECM), showing good attachment/
adhesion to different kinds of cells and has been studied for
several biomedical applications. Is one of the most used
polymers in biomaterials field, due to its excellent properties
in biocompatibility, biodegradability, with well-established
structure, biologic profile, and in vivo response [1, 8].

Dextran is a nontoxic, hydrophilic bacterial polysaccha-
ride that is broadly applicable in the biomedical field owing
to its biocompatibility and biodegradability. It is mainly
composed of linear a-1,6-linked d-glucopyranose residues
with allow percentage of a-1,2-, a-1,3- and a-1,4-linked side
chains [9].

Dextran is present in the extracellular matrix (ECM) and
shows superior properties of interaction with human body
tissues. It is known that dextran promotes adhesion between
proteins and cells. It is commonly used to decrease vascular
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thrombosis, reduce inflammatory response and prevent
ischemia–reperfusion injury in organ transplantation in
which dextran acts as a mild reactive oxygen species scav-
enger and reduces platelet activation in excess. Dextran has
volume expansive properties and therefore its inclusion can
improve blood flow [10, 11].

A new trend in the crosslinking of the hydrogels takes in
consideration biological active molecules, like riboflavin, an
essential water-soluble vitamin with unique biological and
physicochemical properties [12, 13].

The objective of this study was to develop a new method
for obtaining hydrogels based on collagen and dextran, made
by crosslinking with riboflavin. The future objectives of the
study are related to increasing the biocompatibility of
hydrogels and the population of these materials with cells
through the encapsulation process.

2 Materials and Methods

2.1 Materials

The hydrogels were obtained by using 1% collagen solution
(with initial pH = 2, which was adjusted to pH = 6 by the
addition of NaOH 1M) and 1% dextran solution. Initial
collagen solution was kindly donated by Lohmann & Rau-
scher GmbH & Co. KG, Germany, and Dextran sulfate
sodium salt from Leuconostoc spp. from Sigma-Aldrich
(average Mw >500,000). The riboflavin as crosslinking
agent was purchased from Sigma-Aldrich and used at a
concentration of 1% in bidistilled water.

2.2 Methods

For the crosslinking reaction the following compositions of
hydrogels were chosen: 100% collagen; 75% collagen-25%
dextran; 50% collagen-50% dextran. The final volume of
each hydrogel composition was 1500 ll and was made in
the wells of 6 well-culture plates for cell cultures. Thus, after
mixing collagen and dextran in the desired ratio, a 120 ll of
riboflavin solution was added to each composition, followed
by 15 min exposure to UV radiation in the aim to achieve
the crosslinking. The wavelength of UV radiation was
365 nm and distance between hydrogel solution and UV
source was 100 mm.

The culture plate with the three crosslinked hydrogel
compositions was frozen at −19 °C overnight then dried
using freeze-drying method to obtain a porous structure
(Labconco LtD freeze-dryer). Successive washes of the
lyophilized hydrogels were carried out with 70% ethyl
alcohol to remove traces of riboflavin. The bacterial
decontamination of the hydrogels was proceed in 70%

aqueous sterile ethyl alcohol solution, followed by washing
with bidistilled water and swelling for 48 h in saline phos-
phate buffer (HBSS).

Dried porous supports were characterized using FT-IR
spectroscopy and phase contrast microscopy.

The biocompatibility of the collagen/dextran hydrogels
crosslinked with riboflavin was analyzed through MTT
cytotoxicity evaluation and capacity to be populated by
living cells.

The MTT assay based on 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide was performed by the
direct contact technique. The MTT reagent being pale yel-
low in solution can be reduced through oxidative reaction of
living cells to dark blue formazan. Thus, the amount of the
formazan in the cell culture is directly proportional to the
cell viability rate [14].

The MTT assay was performed in 12-well culture plates
seeded with 3 � 104 cells/well primary fibroblasts from
Albino rabbit dermis. One small piece of the hydrogels,
about 6 mm diameter, was put on the bottom of each culture
well, over which the cell suspension was added. The cells
and hydrogels were incubated for 72 h then MTT reaction

Fig. 1 Reaction scheme for obtaining hydrogels based on collagen and
dextran crosslinked with riboflavin
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was performed using 1 ml of 0.25 mg/ml MTT solution. The
absorbance of the formazan solution was measured using
Tecan plate-reader spectrophotometer at the 570 nm wave-
length. The cell viability was calculated as percent of for-
mazan absorbance in the cell cultures incubated with the
hydrogels, compared to controls (cultures without hydro-
gels). The experiment of each hydrogel was performed in
triplicate.

The capacity of the hydrogels to be populated with living
cell was performed after MTT test. The cells were seeded on
the hydrogel surface as was described for MTT test. A vital
staining with green fluorescence was performed to highlight
the cells on the materials. Therefore, a Calcein AM solution
(Sygma-Aldrich) in a concentration of 2 µl/ml of HBBS
(without phenol red) was used. The staining was carried out
in the dark condition, for 30 min.

The living cells were observed and analyzed after 72 h,
using Leica DMIL optical microscope in fluorescence mode,
at excitation/extinction wavelength of 455/530 nm. The
presence of the cell in the hydrogel structure was analyzed as
well by DAPI staining of the cell nuclei, using broadly used
method. The blue fluorescent cell nuclei were analyzed using

Leica DMIL optical microscope in fluorescence mode, at
excitation/extinction wavelength of 358/461 nm.

3 Results and Discussions

Hydrogels based on collagen and dextran were obtained by
crosslinking with riboflavin (Figs. 1 and 2).

The FT = IR result as for crosslinked hydrogels are
presented in Fig. 3.

Collagen-specific absorption bands occur at the following
wavelengths: valency vibrations of –OH—3317 cm−1,
valence vibrations of –C–H from –CH2—2982 cm−1; Amide
I—1643 cm−1; Amide II 1551 cm−1; Amide III—
1234 cm−1; Amide IV—795 cm−1. The collagen stretch
bands overlap with OH bands of dextran. As the dextran
concentration increases, the amide band intensity decreases.

The microscopic analysis of the porous structure of
hydrogels is showed in images A, B and C from Fig. 4.

The images from the Fig. 4 show the evenly distributed
porous structure with large and interconnected pores. Each
pore exceeds the size of 100 lm. This structure reveals an

Fig. 2 Samples from 3
compositions of hydrogels
(a 100% collagen; b 75%
collagen-25% dextran; c 50%
collagen-50% dextran)

Fig. 3 Structural analysis FT-IR
of hydrogels (1—100% collagen;
2—75% collagen-25% dextran; 3
—50% collagen-50% dextran)
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architecture with a potentially capacity to be populated with
cells.

The MTT assay, which was performed as direct contact
with cells, proved an acceptable cytocompatibility of the
hydrogels. Cells viability after 72 h of contact with materials
was 81–82% for collagen 100%; 73% for 75% collagen-25%
dextran; and 73–74% for 50% collagen-50% dextran. It can
be concluded that the collagen component increase the
cytocompatibility of the hydrogels (Fig. 5).

The differences were observed between control and ana-
lyzed hydrogels that could be explained by the technical
errors which are often occurs in the direct contact MTT tests.
This supposition is based on the capacity of the hydrogels to
be populated with cells, which was proved through Cal-
cein AM and DAPI staining and shown in the Fig. 6.

Thus, A1, B1, and C1 represent the microscopic analysis
of the hydrogels treated with calcein AM solution for the
detection of living cells, and the images A2, B2, C2 represent
the microscopic analysis of the hydrogels stained with the
DAPI solution for the detection of cell nuclei. From the
images it can be seen that cells are present in the hydrogel
pores. The cells are evenly distributed in the each type of
hydrogel. The nuclei with a normal shape and no fragmen-
tation were found by DAPI staining.

4 Conclusions

The preliminary study showed that hydrogels based on
collagen and dextran crosslinked with riboflavin have
potential for tissue engineering applications. These hydro-
gels are translucent in biological media, are non-cytotoxic
and allow cell adhesion inside of their porous structure. The
future objectives of the study are related to revels the
potential benefits of the presence of the dextran in the

Fig. 4 Microscopic images of
hydrogels (a 100% collagen;
b 75% collagen-25% dextran;
c 50% collagen-50% dextran)
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Fig. 5 Cells viability test results at 72 h

Fig. 6 Optical fluorescence
microscopic images for hydrogels
with the following compositions:
a 100% collagen, b 75% collagen
-25% dextran; c 50%
collagen-50% dextran
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hydrogel structure for a longer cell growth inside the mate-
rial and possibility to use the reticulation technique for cells
encapsulation.

The initiative of this project was to improve the materials
used in surgery through the availability of financially
accessible and highly efficient products.

Tissue engineering and, implicitly, regenerative medicine
provide through the bioartificial tissues a new chance for
patients who have suffered various traumas. The possibilities
offered by these hydrogels are many, besides being used to
replace a certain affected portion of an organ, these materials
can also be used as dressings to heal burns or wounds dif-
ficult to heal, diagnostic devices, contact lenses and patches
applicable to the skin for controlled drug delivery.
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