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Novel dextran modified bacterial cellulose hydrogel
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Abstract Development of an ideal wound dressing
to efficiently improve the wound healing process is an
important issue in wound care. The present study aims
to develop a dextran/bacterial cellulose (BC) hydrogel
and to evaluate its performance in wound healing
applications. The assessments include material
properties (morphology, thermostability and its
mechanical properties), cytotoxicity, cell proliferation
and wound healing. The results show that the addition
of dextran affected the network structure of BC
resulting in decreased decomposition temperature
(339-261 °C), water content (98.7-89.2%), and ten-
sile strength (23-0.61 MPa). However, the elongation
rates were kept at approximately 33-28% in BC, 10%
and 20% in dextran modified groups. Cell-based
experiments showed that the dextran-modified BC
hydrogel promoted enhanced cell proliferation with-
out cytotoxicity compared to unmodified BC. Finally,
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the in vivo wound healing test demonstrated that
dextran-modified BC hydrogel can accelerate the
wound healing process and facilitate skin maturation,
which suggests that dextran/BC hydrogel is a promis-
ing wound dressing for clinical applications.
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Introduction

Wound healing is an intricate process in which the
tissue repairs itself after injury. The process of wound
healing consists of four continuous and overlapping
phases: hemostasis, inflammation, proliferation and
remodeling (Cohen et al. 1992). These phases reveal
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complex interactions involving various types of cells
(platelet, fibroblast and immune cell), migration and
proliferation (Ausprunk and Folkman 1977), excretion
of growth factor (Werner and Grose 2003), and
extracellular matrix secretion (Martin 1997). In addi-
tion, various types of wounds (incision, puncture burn,
and decubitus) are caused by physical or chemical
injuries leading to bleeding, varying degrees of pain, a
large amount of water loss, and exudation of tissue
fluid (Bryant and Nix 2015). The choice of wound
healing treatment is crucial and is indicated by the
particular phase of healing and wound type. In
traditional treatment of wound care, bandages and
gauzes are often used to provide physical protection
against pathogen infection. These treatments are easy
to use and are low in cost. However, these dry
dressings cannot address other functions, which may
limit their utility for wound healing, as they do not
promote wound healing, absorb the exudate, stem
bleeding, debride the wound, or ease pain (Boateng
et al. 2008). Therefore, developing advanced wound
dressings becomes a crucial issue.

Current studies demonstrate that treating a wound
with a moist environment can enhance re-epitheliza-
tion of injured skin (Winter 1962), accelerate the
wound healing process (Field and Kerstein 1994) and
inhibit scar formation (Woerly et al. 2004). Based on
these strengths, the wet-dressing has been developed
over the course of many years, and has become the
main focus in wound healing research.

Bacterial cellulose (BC), produced by microorgan-
isms such as Komagataeibacter xylinus, is used in
wound healing applications (Czaja et al. 2006) due to
its material properties, including the ability to main-
tain high water content and good biocompatibility (Lin
et al. 2013a). Moreover, BC also presents a regular
network structure (typically a crystalline form of
cellulose Io), which provides flexible material prop-
erties and high strength (French 2014). Numerous BC
dressing studies have been conducted to improve
wound healing characteristics through usage of
different cultivation systems and surface modifica-
tions of BC.

The features of BC dressings have been ameliorated
by modification with polysaccharides (Lin et al.
2013b), small compounds (Wei et al. 2011), proteins
(Fuetal. 2013) and chemical groups (Wan et al. 2006).
For instance, the nano silver-incorporated BC dressing
exhibits high antimicrobial properties against both
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Staphylococcus aureus and Escherichia coli, which
are both common pathogens in nosocomial infection
(Maneerung et al. 2008). The cellulase-incorporated
BC dressing, which can disintegrate on its own, could
be used to avoid re-injury and pain from repeated
replacement of the dressing (Hu and Catchmark 2011).

Dextran is a polymeric carbohydrate molecule
composed of a glucose subunit. In previous studies,
dextran has been found to exhibit non-toxic
biodegradability and good biocompatibility, and is
widely applied in medical applications (Van Tomme
and Hennink 2007). Some studies have demonstrated
that dextran can form hydrogel, a three-dimensional
structure capable of absorbing large amounts of water
and biological fluids (Ribeiro et al. 2013), utilizing
chemical-crosslinking (Zhang et al. 2005) and photo-
crosslinking (Kim et al. 1999). Dextran hydrogel has
also proved that it can enhance angiogenic responses
and promote skin regeneration in vivo (Sun et al.
2011). These studies reveal that the dextran-based
hydrogels have great potential in wound care.

The aim of the present study was to combine BC
and dextran to potentially develop a new wound
dressing. The effect of fibroblast cell growth on
wounds was simulated by means of cell-based exper-
iments including cytotoxicity and cell proliferation.
Finally, the efficiency of dextran-modified BC hydro-
gel in wound healing in vivo was assessed using an
animal model.

Experimental section

Production and preparation of dextran modified
bacterial cellulose hydrogel

The bacterial strain used in this study was K. xylinus
ATCC 700178 (formerly Gluconacetobacter), pur-
chased from the American Type Culture Collection
(Rockville, MD, USA). For BC production, 1 mL of
frozen cell suspension was thawed and added to
50 mL corn steep liquor with a fructose medium
(CSL-Fru medium) in a 250-mL flask and statically
cultivated at 28 °C for 5 days. A cellulose pellicle that
formed on the medium surface was washed continu-
ally until it becomes cream colored, and was then
stored in deionic water at 4 °C.

The crosslinking of dextran and BC was accom-
plished using sodium trimetaphosphate (STMP)
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purchased from Sigma-Aldrich (Saint Louis, MO,
USA). The wet BC film was immersed in different
concentrations of dextran (Sigma-Aldrich, Saint
Louis, MO, USA) at 4 °C for 48 h. After washing
the surface of the BC to remove the excess dextran, the
BC film with dextran was dipped in STMP solution
(250 mg/mL) in a vacuum oven at 50 °C for 24 h. The
dextran-modified BC hydrogel was washed by using
deionic water overnight, and stored at 4 °C.

Thermogravimetric analysis (TGA) and water
content testing

Isothermal TGA measurements were carried out in an
N, purge (40 mL/min) in a temperature range of
40-600 °C at a heating rate of 10 °C/min. In a water
content test, the wet BC samples were placed at 25 °C
for 30 min to remove excess water, and their weight
was recorded as W,. The dried weight of BC samples
was estimated as W,,. The water content was calculated
using the following equation: [(W, — Wy)/W,] 100%,
where W, and W, represent the weights of dried and
wet BCs, respectively.

Scanning electron microscopy (SEM)

The morphology was observed by SEM at an accel-
erating voltage of 15 kV (JSM-5410 model, Jeol,
Tokyo, Japan). The modified BC hydrogels were
lyophilized and coated with a thin layer of gold
nanoparticles (50-200 10\). Imaging magnification to
determine the surface structure of BC samples was
approximately 20,000. At least 20 fiber measurements
were detected by image processing software (ImageJ,
NIST, USA) in order to ensure reproducible values
when measuring fiber size distributions.

Tensile strength

The tensile strength measurement of wet-modified BC
hydrogels was conducted using a texture analyzer
(TA-XT2 model, Texture Technologies, Westchester,
NY, USA). BC samples were clipped into rectangular
strips (40 x 5 x 2 mm), and the tests were carried
out at 0.1 N/min force at 28 °C temperature. Tensile
strength (o) was calculated by F/A, where A is the area
of the sample (measured as width x thickness) and F
is the force. Elongation (¢) was calculated by AL/L,
where AL is exerted extension from the starting point

Lo. (All measurements were performed for at least five
replications).

Cell based experiments

NIH/3T3 mouse fibroblasts (American Type Culture
Collection, Manassas, VA, USA) were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM) sup-
plemented with 10% FBS (Biological Industries,
Israel), 2 mM L-glutamine and 100 U/mL penicillin—
streptomycin and cultured in an incubator at 37 °C
with 5% CO,. The modified BC hydrogels were cut
into a circle with a diameter size of 10 mm, and were
then sterilized at 121 °C for 20 min. Finally, the
modified BC hydrogels were immersed into DMEM
medium at 4 °C for 24 h.

In a cytotoxicity test, 1 x 10° cell/mL NIH/3T3
cells were seeded into a 96-well plate at 37 °C with
5% CO, for 24 h. The DMEM medium, which was
used to soak the modified BC hydrogel, was used to
culture the NIH/3T3 cell for 24 h. The WST-1 reagent
(Roche Diagnostics, Mannheim, Germany) was
diluted (10 in 190 pL), and added 200 pL in each
well for 3 h. The absorbance in each well was
determined at 450 nm.

The modified BC hydrogels were immersed into
DMEM medium for 24 h, and put into the bottom of a
24-well plate with 1 x 10° cell/mL NIH/3T3 cell in
each well. After 24, 48, and 72 h cultivation, the
modified BC hydrogels were transferred to a new
24-well plate, and washed twice using PBS buffer. The
diluted WST-1 reagent was added, with 500 pL in
each well for 3 h, and the absorbance was determined
at 450 nm for analyzing the proliferation ability of
modified BC hydrogels.

Wound healing modeling

A total of 60 adult mice were used for this study. The
C57BL/6 mice (male, 8 weeks old) were purchased
from the National Laboratory Animal Center (Taipei,
Taiwan) and maintained in the Department of Food
Science Technology at National Taiwan University
(Taipei, Taiwan). All procedures involving animals
were approved by the Institutional Animal Care and
Use Committee. The animal room was kept on a 12-h
light and 12-h dark cycle with constant temperature
(25 £2°C) and humidity. The mice were anes-
thetized by intraperitoneal injection of pentobarbital
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(60 mg/kg), and hairs on the dorsum were shaved off.
Two holes ware punched into the backs of the mice to
create an injury, and a plastic fixed ring was then
sewed on. After the modified BC hydrogel was used to
cover the injury, the Tegaderm® (3 M, St Paul, Minn,
USA) and mesh bandage were used to fix the wound
dressing to the injury. Each mouse was then individ-
ually housed and fed ad libitum. The wound closure
was quantified at 0, 6, 9, and 12 days by using image
processing software (ImageJ, NIST, USA). The area of
wound closure was calculated by the following
equation: [W;/Wy] x 100%, where W, and W, repre-
sent for the area of wound closure at day 0 and days
post-wounding (6, 9 and 12 days), respectively. BC, a
commercial wound dressing product, was used as a
positive control, and the Tegaderm® film was used as
the negative control group.

In the histological observations, the wounds were
obtained on postoperative days 3, 7, and 14. The
wounds with the plastic ring were excised, washed by
PBS, and then immersed in 10, 20, and 30% sucrose
solution at 24, 48, and 72 h, sequentially. After being
fixed in 4% paraformaldehyde for 24 h, the wound
samples were embedded in an optimal cutting tem-
perature compound (Sakura Finetek, Torrance, CA,
USA) at 4 °C, and were cut into five-micrometer
sections. The wound samples were stained by hema-
toxylin and eosin staining (H&E staining) according to
the standard procedure (Bancroft and Gamble 2008).

Statistical analysis

Statistical evaluation of all experimental data (varia-
tion from basal values) were performed using
ANOVA. Post hoc comparisons with negative controls
were performed with the Tukey test or the Scheffe test.
Statistical analysis was conducted with IBM SPSS
Statistics 20 (IBM Corporation, Armonk, NY, USA)
(p < 0.05).

Results and discussion

Morphology of dextran/BC hydrogel

The BC film is a high strength, flexible and gel-like
pellicle (Lin et al. 2016). After cross-linking with

dextran, the BC film became thicker and harder
(Fig. 1), to an extent which varies depending on the
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concentration of added dextran. The morphological
images of dextran/BC hydrogels were observed using
SEM, and are shown in Fig. 2. As the figure shows, the
BC group (Fig. 2a) presented with a compact network
structure, and its fiber size reached 101.7 nm. In test
groups, the dextran/BC hydrogels presented rougher
fiber sizes, ranging from 159 to 161 nm (10 and 20%
dextran/BC hydrogels); fiber structures in 30% dex-
tran/BC hydrogel group were not observed. Previous
studies have suggested that the cross-linked networks
were formed in the contact areas between BC ribbons
in reaction with the glyoxal precursors (Castro et al.
2015). The formation of covalent bonds between the
BC ribbons led to increased interlayer adhesion of BC
fibers.

In addition, some polysaccharides such as alginic
acid, carboxymethylcellulose or chitosan, crosslinked
with BC, also caused the modified BC fiber size to
increase, and pore size to decrease (Leitdo et al. 2013).
These results may indicate that as dextran is incorpo-
rated inside the BC film, it starts to bridge with BC
fiber utilizing the cross-linking reagent, resulting in
the increase of the BC fiber size.

Thermogravimetric analysis

The effect of dextran cross-linked with BC on thermal
degradation behavior were examined by TGA as shown
in Fig. 3. In the TGA analysis, BC film showed a single
peak at 339 °C in the detection range from 40 to 600 °C.
In addition, the 10% dextran/BC group showed a similar
thermal degradable temperature at 339 °C. However, in
the 20 and 30% dextran modified BC groups, the
thermal temperature decreased to 271 and 216 °C,
respectively. These results demonstrated that the ther-
mostability of dextran-modified hydrogels decreased
depending on increased concentration of dextran,
suggesting that the cross-linked dextran existed in the
modified BC hydrogel, and its content was progres-
sively raised by adding dextran. The pure BC films with
thermal degradation temperatures around 315-350 °C
possess high thermostability as shown in a previous
study (Lin et al. 2016). The fibers of BC are connected
to each other by hydrogen binding to form a tight
network structure leading to greater stability at high
temperatures. Nevertheless, in the dextran-modified BC
groups, the intra-hydrogen bonds between the BC fibers
were broken, and connected with the hydroxyl groups of
dextran by the cross-linked reagent STMP.
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Fig. 1 Chemical synthesis of the dextran modified BC hydrogel

Based on these results, the bonds subsequently-
formed from modified hydrogels may be weaker than
those of the original BC hydrogel. Several studies have
suggested that the cross-linking reaction may lead
cellulose network structure to became denser with
improved thermostability (Yang et al. 2012). How-
ever, other studies have also shown that BC cross-
linked with other polysaccharides (poly (vinyl alco-
hol)) and compound (acrylic acid) may cause a weak-
branched structure resulting in the decline of crys-
tallinity and thermostability of the modified BC
(Castro et al. 2014). This may explain why the
thermostability of dextran/BC hydrogels decreased
in response to increased dextran addition.

Mechanical properties and water content ability

Hydrogel is a soft, gel-like polymer, with networks
that can be extensively swollen with water so that it
can provide a wet environment to facilitate cell growth
(by fibroblast epidermal cells, for example) on the
wound, and it is highly suitable as a wound dressing
(Ahmed 2015). However, hydrogel dressings can be
breakable; some applications rely on the second-layer
dressing to prevent the hydrogel dressing from crum-
bling. Developing an elastic, flexible, but sufficiently
strong hydrogel dressing for clinical use is the main
purpose of this research.

BC-dextran hydrogel

In our study, the mechanical property analysis used
wet-state samples because it is well-known that wet
dressings can accelerate the wound healing process
(Winter 1962). The results (Table 1) showed that wet
BC film exhibits a high tensile modulus (23 & 0.6
MPa), whereas the 10, 20, and 30% dextran-modified
BC hydrogels exhibit significantly (p < 0.05) lower
tensile modulus (16 + 2.3,6.6 4+ 0.1 and 0.61 & 0.13
MPa), depending on the added dextran concentration.
The results suggest that the cross-linking reaction
with dextran contributed to the reduction of tensile
strength of the modified BC hydrogels. The decreased
tensile strength may due to the breaking of hydrogen
bonds between cellulose fibers by acid hydrolysis, and
a cross-linked reaction.

In spite of the fact that they were broken, the BC
fibers bonded with STMP and dextran to form new
layers. The multi-layers in dextran/BC hydrogel might
theoretically increase its tensile strength, however,
when compared to the original network structure of
BC, the newly-formed layers were too soft to bond with
each other, resulting in a reduction in the tensile
strength of modified hydrogel. A previous study also
showed a similar effect (Svensson et al. 2005).
Concerning the results of elongation-to-break, the BC
film, 10 and 20% dextran/BC hydrogel, presented
similar elongation values of 33 + 2.6, 28.5 £ 3.9 and
31.5 &+ 4.9%, without significant differentiation. In
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Fig. 2 Visualization of BC and modified BC hydrogels. a BC, b 10% dextran/BC, ¢ 20% dextran/BC and d 30% dextran/BC

contrast, the elongation value of 30% dextran/BC
hydrogel presented a sudden decrease (17 £ 3.5%),
suggesting that the amount of dextran in the modified
hydrogel might influence its flexibility. The formation
of multiple layers by a cross-linked reaction may
influence the relative movement between the molec-
ular chains and disrupt the orderly network structure of
the polymer (Marrs et al. 1999). The most important
material property of hydrogel dressing is that it can
provide a wet environment for wound healing. BC
provides high water absorption and water content
ability, as the free-water is incorporated into non-
crystalline microfibrils of BC (Fink et al. 1997). In the
water content analysis result (Table 1), the BC group
exhibited the highest water retention ability (98.7 &
0.1%) compared to other groups. However, in the
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dextran modified BC groups, the water content
gradually decreased from 96.7 & 0.49 to 89.2 + 0.7%.

A previous study showed that the wet BC film
consisted of 0.9% fiber, 0.3 bound-water, and 98.8%
free-water, which suggests that most of water occur-
ring in wet BC is free water (Okiyama et al. 1992). In
this study, the modified dextran can provide hydroxyl
groups to assist holding the bound water. However,
the ratio of bound water accounts for only a small
portion of the water incorporated in dextran/BC
hydrogel. By comparison, increasing the crosslinking
degree of modified BC hydrogel might cause more
rigid and compact polymer structure formation,
leading to inhibition of free water incorporation. As
a result, the addition of dextran modified with BC
may increase bound water but decrease free water
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Table 1 Water content and mechanical properties

200 300 400 500 600

Temperature (°C)

Water content (%)

Tensile strength (MPa)

Elongation (%) Young’s modulus (MPa)

BC 98.7 £ 0.1° 23 £ 0.6"
10% dextran/BC 96.7 £ 0.49° 16 £ 2.3°
20% dextran/BC 94.2 £+ 1.12¢ 6.6 + 0.1°
30% dextran/BC 89.2 + 0.7¢ 0.61 £ 0.13°

33 + 2.6° 72.3 + 5.9°
28.5 + 3.9° 56.3 + 6.4
31.5 £ 4.5° 21.2 +3.3°

17 +3.5° 3 4 0.001°

Values for each sample with different superscripts are significantly different (n = 3, *p < 0.05)

incorporation, resulting in an overall reduction of
water content.

Cell cytotoxicity and cell proliferation

The safety of wound dressing is the top priority of this
research, and even more important than its clinical
efficiency. Therefore, it is necessary to ensure that
dextran/BC hydrogels are available without any
cytotoxicity. After immersing BC into the DMEM
medium, the hydrogel-soaked medium was submitted
to a cell cytotoxicity detection system (WST-1 cell
viability assay) to confirm whether any cytotoxic
substance may have been releases from the dextran/
BC hydrogel.

Figure 4a shows that the cell viability in test groups
of 10-30% dextran/BC hydrogel exhibited no signif-
icant difference compared to the control group, which

means dextran/BC hydrogels do not cause cell death.
Conversely, 10 and 20% dextran/BC hydrogel may
slightly induce cell growth. This suggests that dextran
released from the hydrogel may promote cell growth.
A previous study also showed a similar result, that
different molecular weights and concentrations of
dextran sulfate, which were used to culture a CHO cell
line, can improve its cell growth and viability (Hyoung
Park et al. 2016).

In the wound healing stage, the proliferation of
fibroblast cells is essential, since fibroblast cells can
migrate to the wound area and secrete different types
of collagens to facilitate wound healing (Ross et al.
1970); hence, the evaluation of the proliferation ability
of a viable wound dressing candidate is crucial. The
cell proliferation test result (Fig. 4b) showed that after
24 and 48 h incubation with medium replacement, the
20% dextran/BC hydrogel exhibited the highest
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Fig. 4 The cell based experiments. a Cell cytotoxicity and b cell proliferation of BC and modified BC hydrogels. Values for each
sample with different superscripts are significantly different (n = 3, *p < 0.05)

proliferation ability compared to the control group and
the 10% dextran/BC hydrogel group. This phe-
nomenon was also observed in a previous study
(Unnithan et al. 2012), which demonstrated that
dextran-modified hydrogels exhibit higher fibroblast
cell growth rates than hydrogels without dextran,
signifying that dextran may present a biological
function for helping cell growth.

The group of 30% dextran/BC hydrogel exhibited
the lowest cell number after 24 h of cultivation. From
one perspective, it presented a rough and soft surface
with highly soft material properties; therefore, the
NIH-3T3 cell cannot entirely adhere to the surface of
hydrogel, resulting in decreased cell proliferation.
Taking another viewpoint, the dextran might restrain
the cell adhesion as well as its high viscosity, and the
regulation of gene expression via dextran addition
might be the possible reason for inhibition of cell
adhesion (Li et al. 2008).

Wound healing in vivo

In the results of material property analysis and cell
based experiments, the 10 and 20% dextran/BC
hydrogels both presentedgood cell proliferation, high
water content and suitable mechanical properties.
Furthermore, the mechanical property results also
demonstrated that the added dextran may cause
dextran/BC to become softer and more fragile. Based
on the cost considerations and mechanical property
results, 10% dextran/BC hydrogel was selected for use
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in an in vivo experiment to measure its wound healing
ability in a mouse model. Wet BC film, a commercial
wound dressing product with good performance, was
used as a positive control to compare with the modified
hydrogel, and a dried film-Tegaderm®, which pro-
vides physical protection, was used as a negative
control. After the wound was produced, the wound
morphologies and wound closures were measured.

In the wound healing result (Fig. 5a), we observed
that pus existed in the wounds of the negative group.
However, in the group of BC and dextran/BC
treatments, the wounds exhibited red-fresh color
without pus formation, which suggested that BC and
dextran/BC both presented good performance for
preventing pathogen infection. The BC and dextran/
BC hydrogels both possess nano-scale network
structures that can provide physical protection to
deter microorganisms from penetrating the wound
(Nakagaito et al. 2005).

In the quantification of wound closure (Fig. 5b),
three groups showed no differences during the early
stage undergoing inflammation. After 9 days, when the
wound entered the proliferation stage, the dextran/BC
presented the highest ability for accelerating wound
healing, owing to its high water content ability which
kept the wound moist. In addition, in the cell-based
experiment, results demonstrated that dextran/BC
induced fibroblast cell-NIH-3T3 cell proliferation.
The fibroblast cell plays important roles in the
proliferation stage in vivo, such as secreting different
types of collagens to accelerate wound closure (Ross
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Fig. 5 The dynamic healing process. a Photographs of wound
healing on day 6, day 9, day 12 and day 15 and b closure
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Fig. 6 H&E staining of
wound on day 3, day 7 and
day 14 under the treatment
of different dressings. The
scale bar equal 0.2 mm
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et al. 1970). Therefore, the ability of dextran to induce
fibroblast cell growth may explain why dextran/BC
hydrogel provides wound healing ability superior to that
of unmodified BC. In a 12-day treatment with dextran/
BC hydrogel, the area of the wound was decreased by
40.3 £ 5.3%, which is less than the negative and BC
groups (60.4 £ 7.5 and 52.8 &+ 3.42%). Even though
it’s difficult to measure the wound’s closure in 15 days
of treatment, the morphology of the wound indicated
that it was almost closed in the dextran/BC treated
group. These results suggest that dextran/BC hydrogel
can actually improve wound healing, and it shows great
potential as a wound dressing.
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In histochemical staining, 3, 7, and 14 days were
selected to observe the conditions of early, middle, and
late stages of the wound. In the early and middle
stages, the thickness of the wound was not signifi-
cantly different between dressing groups (Fig. 6).
However, the late stage result demonstrated that the
dextran/BC hydrogel promoted significant skin mat-
uration (p < 0.05), including a mature epithelial layer
and formation of hair follicles. Therefore, we may
speculate that the function of dextran in the modified
BC dressing can increase fibroblast cell proliferation
in the middle stage and improve skin maturation in the
late stage.

@ Springer



4936

Cellulose (2017) 24:4927-4937

A previous study indicated that polyethylene glycol
diacrylate (PEGDA) -modified dextran hydrogel can
enhance angiogenesis and promote skin regeneration
during burn wound healing. By day 21, the PEGDA-
modified dextran hydrogel treated wound revealed a
mature epithelial structure (Sun et al. 2011). Another
study developed a human adipose dressing and found
that it can help to advance the remodeling stage of wound
on day 18 through inducing fibroblast migration to the
wound (Martin et al. 2015). Comparing the results of
these studies, the dextran/BC hydrogel can heal the
wound to regenerate skin with follicle structure within
14 days, which is faster than the previous studies,
suggesting that dextran/BC hydrogel provides an excel-
lent recovery medium for complete skin regeneration.

Conclusion

This is the first report to apply dextran/BC hydrogel as a
wound dressing. Our results indicated that the modified
dressing—dextran/BC hydrogel—appears to contain a
high water content, rigid but flexible material proper-
ties, fine cell proliferation with non-cytotoxicity at the
cell-based level, and excellent wound healing ability
in vivo. The added dextran plays a key role in that it
promotes fibroblast cell growth in the proliferation
stage and also helps skin maturation in the remodeling
stage, accelerating of the wound healing process. It is
important to note that this is superior to the commercial
wound dressings. Human studies are needed to further
investigate the applications as a therapy for different
types of wounds.
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