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a b s t r a c t

Gellan gum (GG) is an exopolysaccharide produced by Sphingomonas elodea. To develop a medical
application for GG, in this study we prepared 26 �m thick films of GG reacted with 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) in 40% ethanol to obtain a cross-linked film (GG40) with 73%
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gel content and 52.4 MPa tensile strength. In vitro biocompatibility tests, GG40 film exhibit nontoxic
effects for L929 cells and inhibit absorption and activation of platelets. When implanted into rat subcu-
taneous tissue, the GG40 film caused minor inflammation in the early postoperative period. The results
indicate that the effects of GG40 film on wound healing, wound size reduction (%) and collagen content
are higher than those found in commercial products (Duoderm). Therefore, we conclude that the GG film

as po
iocompatibility
ound healing

developed in this study h

. Introduction

Gellan gum (GG) is an exopolysaccharide (EPS), also known as
olysaccharide S-60, which is a gelling agent produced by a non-
athogenic strain of Sphingomonas elodea ATCC 31461 (Pollock,
993). Natural GG is a linear electronegative EPS. The main chain
f GG consists of four repeating carbohydrates, which includes two
-glucose carbohydrates, one l-rhamnose, and one d-glucuronic
cid. In its natural form, GG has two acyl-substituted positions
O-acetate and l-glycerate), which separately connect to the C-6
nd C-3 positions of the same glucose molecule. On average, each
epeated unit of the main chain has 1 glycerate and 0.5 acetate
olecules (Jansson, Lindberg, & Standford, 1983; Jay et al., 1998).
G has the ability to form gel in the presence of cations, but the
resence of acetyl groups can interfere with the bonding ability
f the ions. The average molecular weight of GG is approximately
00 kDa (Bemiller, 1996).

GG is a food additive approved by the FDA. Although it is
xtensively used in the foodstuff industry, GG has rarely been inves-

igated for biomedical applications, except for use in drug delivery.
eginning in 2008, Wang, Gong, Lin, Shen, and Wang used mod-

fied GG to cultivate human dermalfibroblasts and human fetal
steoblasts. GG has also become an innovative material in appli-
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tential for future use in surgical applications.
© 2010 Elsevier Ltd. All rights reserved.

cations of tissue engineering. Several advantages of GG are listed
here. (1) The GG with heat and acid stability, adjustable elastic-
ity and hardness, and high transmittance (Rinaudo, 2004), which
allows the material to easily change form and accommodate many
different applications. (2) It has an active reaction group that is
suitable for chemical modification, which allows its use in prepar-
ing conjugates with molecules of biological activity to increase
its range of applications in medical research. (3) GG is a bacterial
exopolysaccharide, prepared commercially by aerobic submerged
fermentation from S. elodea. This process, or the associated purifi-
cation steps, is not complex (Fialho et al., 2008) and is suitable for
development for use in the industry.

The goal of this study is to develop GG for surgical applications
by preparing and characterizing a water-insoluble GG film. In addi-
tion, this study evaluates the in vitro and in vivo biocompatibility
and effects of cross-linked GG film on wound healing.

2. Methods

2.1. Preparation of GG films

GG of 0.3 g (Sigma G1910) was dissolved in 30 ml de-ionized

water (DDW) and heated at 85–90 ◦C until it became a transparent
solution. The solution was then poured onto a glass dish (diam-
eter 10 cm) and evaporated at 37 ◦C, 1 atm for 3 days to obtain
the dry film (GG film). The GG films were then cross-linked by
immersing them into an EtOH (ethanol)/DDW solution contain-

dx.doi.org/10.1016/j.carbpol.2010.06.019
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:d880430@csmu.edu.tw
dx.doi.org/10.1016/j.carbpol.2010.06.019
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ng 15 mM 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC,
igma 1769), for 24 h at room temperature. To study the effects of
he EtOH composition on the EDC cross-linking of the GG, EtOH
as diluted in DDW to yield an EtOH/DDW (v/v%) solution. This

tudy used 0%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%
tOH/DDW. The cross-linked films (denoted as GG0, GG20, GG30,
G40, GG50, GG60, GG70, GG80, GG90 and GG100) were washed
ith 95% ethanol three times to remove any non-reacted resid-
al EDC and then dried at room temperature (Lee, Hung, Cheng, &
ang, 2005).

.2. Characterizations of the GG films

An electrical thickness tester (Mitutoyo, MDC-25 SB) was used
o measure the thickness of the GG films. We used the FTIR-L396A
Perkin-Elmer) to analyze the properties of the chemical functional
roups of the GG films. The analysis of the gel content of the GG
lms was performed as follows. After drying, we weighed the cross-

inked film (W1) and then swelled it in DDW at 37 ◦C for 24 h. After
emoving the wet film from the solution, it was dried in a vacuum
ven for 12 h at 60 ◦C and then weighed again (W2). The follow-
ng equation was then used to calculate the gel content of the film
Kenji & Ikada, 1997):

el content (%) = W2

W1
× 100

.3. Mechanical property measurement

GG films were cut into 1 cm × 5 cm pieces (Kuo et al., 2009).
e then used the H1-KS testing machine (Tinius Olsen) with a

rosshead speed of 5 mm/min to measure the mechanical prop-
rties of the GG films and to automatically record the mechanical
arameters.

.4. Platelet absorption test

Blood drawn from a human body was used to prepare the
latelet concentrate. We then prepared and filtered Hepes-Tyrode
uffer solution using a 0.45 �m filter. The GG films were then ster-

lized with 75% ethanol for 24 h. The sterilized films were placed
n a 24-well bottom and added with Hepes-Tyrode buffer solution
1 ml) at 37 ◦C for 15 min. After aspiration of the solution, each well
as added with platelet concentrate 1 ml (density 2.9 × 105/�l),

nd incubated at 37 ◦C for 120 min. The Automatic Hematology
nalyzer (Sysmes KX-21) was then used to determine the num-
er of platelet absorbed on the films. In addition, the SEM (positive
ontrol: glass) was used to observe the morphology of the platelets
bsorbed on the GG films (Ishihara, Nishiuchi, Watanabe, & Iwasaki,
004).

.5. MTT assay

The preparation and placement of 11 mm diameter polymeric
iscs in the bottom of each well of a 48-well tissue-culture plate
as used to determine the cell adhesion and the cell growth on

he GG films (GG40). We added fibroblast (L-929) cells to the plate
ith a population of 3 × 104 cells for each well and incubated them

t 37 ◦C. As a positive control, the cells were plated onto 48-well

issue-culture plates (NUNC, Roskilde Denmark). By changing the
ulture medium, we determined the cell number on each synthetic
lm after 24, 48, and 72 h of cell seeding by implementing the
TT test. Five independent measurements were conducted for each

xperimental value (Lee et al., 2005).
lymers 82 (2010) 920–926 921

2.6. In vivo biocompatibility (subcutaneous implantation)

The purpose of the experiment was to examine the immune
compatibilities of GG in an organism. GG40 and Hyaluronic acid
(HA) film (control group) were cut into 1.5 cm × 1.5 cm pieces
(Ramires, Miccoli, Panzarini, Dini, & Protopapa, 2005). HA as the
control group is because it possesses good compatibility (Kenji
& Ikada, 1997). The following experimental procedures were
then used. SD-rats (male, 250–300 g) were etherized with 4%
trichloroacetaldehyde monohydrate (1 mg/ml). We shaved the skin
of the animal and disinfected it using iodophor. The polymeric film
was implanted in the back of the specimen. The rats were sacri-
ficed on the 3rd, 14th and 30th days after the operation. Five mm
wedged tissue were cut from the wound, including the implanted
film, granulation tissue, connective tissue, and inferior muscle. The
tissues were processed using the standard procedure for histo-
logical examinations and their thin sections were examined after
staining with Hematoxylin–Eosin (H&E). The animal experiments
in this study were approved by the Chung-Shan Medical University
Experimental Animal Center.

2.7. Experiment on wound healing

To develop the medical application of GG as a biomedical mate-
rial, this study was conducted to evaluate the effect of GG on
the wound healing process on laboratory rats. Epithelium with an
area of 2 cm × 2 cm was cut from the backs of etherized SD-rats
(male, 250–300 g). The wound was then treated by applying either
commercial Duoderm (control group) or GG40 film (experimental
group) and bandaged with gauze. Duoderm is a synthetic dressing,
with a bilaminate structure with an outer layer of polyurethane
foam and an inner layer that is contain sodium carboxymethylcel-
lulose and gelatin (Leicht, Siim, Dreyer, & Larsen, 1991). Duoderm
is the most commonly used dressing in wound care.

Following the sacrifice of the rats after the 5th, 15th, and 24th
days, we measured the sizes of the wound area. Reductions in
wound size were used as an indicator of wound healing (n = 4). The
following equation was used to determine the reduction in wound
size (Yang, Yang, Lin, Wu, & Chen, 2008):

wound size reduction (%) = A0 − At

A0

where A0 and At are the initial wound area and wound area after
time interval ‘t’, respectively. Photographs of the wounds were used
for measurement purposes using image analysis software (Image
J). Then removed the wound tissue for sectioning (2–3 �m thick)
and observed the histology around the wound using H&E staining.
In addition, the Masson’s trichrome stain was used to observe the
formation and distribution of collagen on the wounds (collagen is
stained blue). For the relative quantization of collagen, Image J soft-
ware was used to measure the color values of the blue stain. First,
an inverted light microscope (Axiovert 200) was used to record the
regenerated tissues using the 20× object lens. The recording posi-
tion covered all the regenerated tissues. Then, an analysis of the
blue color value of each picture was used to determine the average
value. A light color and low collagen content indicated a high color
value.

2.8. Statistical analysis
Each of the experiments was repeated at least four times, and
the values were expressed as means ± standard deviations. For
comparison between two groups of data, the Student’s t-test was
performed. Differences were considered to be statistically signifi-
cant at P < 0.05.
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ig. 1. The gel content of GG films cross-linked in various concentrations of ethanol
ith 15 mM EDC for 24 h.

. Results and discussion

.1. Gel content of cross-linked GG film

EDC is the most widely used reagent for chemical cross-linking.
o solve the problem of EDC hydrolysis in water, previous stud-
es (Kwangwoo, Tsuyoshi, Seiichi, & Akio, 2010; Monotalbetti &
alque, 2005) have suggested using a mixture of EtOH/DDW as the
eaction solvent. Fig. 1 shows the gel content of GG films cross-
inked in various concentrations of ethanol with 15 mM EDC for
4 h. In the control group (without EtOH), the gel content of GG
lm was found to be only 15 ± 2.0% and showed a poor degree of
ross-linking. In 40% ethanol (i.e. GG40 film), the gel content was
ound to be highest 73 ± 2.6%. In this system the increase of cross-
inking degree was not proportional to the ethanol content. This is
ue to the polymer chain difficulty of the hydrophilic GG to extend

n organic solvents, which reduces its reactivity. An ethanol content
f 40% was found to be the most suitable condition for cross-linked
G.

.2. Mechanical properties of GG film

Fig. 2 shows the tensile strength of GG films cross-linked
n various concentrations of ethanol with 15 mM EDC for 24 h.

he average thickness of films was 26 ± 3 �m. The results indi-
ate that GG30, GG40, and GG50 have high tensile strengths of
5.3 ± 9.6, 52.4 ± 2.3, and 43.2 ± 11.1 MPa, respectively. Previous
tudies demonstrate that the tensile strength of a polymer is

ig. 2. The tensile strength of GG films cross-linked in various concentrations of
thanol with 15 mM EDC for 24 h.
Fig. 3. FTIR spectra of non-cross-linked GG film (A) and cross-linked GG film (B).

closely correlated to the density of cross-linking (Sen, Majumder,
& Bhowmick, 1999; Vijayabaskar, Tikku, B, & Anil, 2006). At
lower cross-link density, the tensile strength increases with an
increase in the cross-link density. However, at higher cross-link
density, the segments of macromolecules become immobile, due
to which the system becomes stiff and shows a decrease in elastic-
ity. Based on gel content and mechanical property measurement,
GG in 40% ethanol optimizes the cross-linked environment. In
summary, with regards to mechanical property, GG40 is suitable
for potential application as wound dressing, which has typical
values in the range of 2.5–16 MPa (Ezequiel et al., 2009). There-
fore, in this study we have selected GG40 as the substrate of
choice for evaluating biocompatibility and effects on wound heal-
ing.

3.3. FTIR characterization of GG film

Fig. 3A and B shows the FTIR spectrograms of non-cross-linked
GG and GG40 films. Fig. 3A shows the assignment of the absorption
band at 3291 cm−1 for stretching the –OH groups in GG. The band
at 2921 cm−1 is due to the stretching vibrations of the –CH2 group
(Agnihotri, Jawalkar, & Aminabhavi, 2006; Xu, Li, Kennedy, Xie, &
Huang, 2007), whereas those appearing at 1020 and 1149 cm−1

are due to ethereal and hydroxylic C–O stretching. The peaks at
1605 and 1405 cm−1 can be assigned to the characteristic absorp-
tion band of carboxyl in non-cross-link GG. The bending vibration of
C–H appears at 888 cm−1 (Alupei, Popa, Bejenariu, Vasiliu, & Alupei,
2006; Sudhamani, Prasad, & Udaya Sankar, 2003). Fig. 3B shows
both the FTIR spectrogram of GG40 film and a new absorption
peak at 1720 cm−1 (Lee et al., 2005). This indicates that carboxyl
grouped on �-d-glucuronic acid (Glcp A) of GG can generate an
ester bond with -OH groups. It also causes the absorption peak of
the -OH groups to shift to a higher wave number—3347 cm−1, and
the C–O stretching to shift from 1020 to 1027 cm−1. However, the

absorption peak of –CH2 groups shows no shift both before and after
cross-linking. These data indicate that the new absorption peak
is not caused by residual EDC and confirms that the cross-linking
reaction was successful.
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Fig. 4. The morphology of platelets absorbed o

.4. Platelet adhesion

Measurements performed using an Automatic Hematology Ana-
yzer indicated that there was a large amount of platelet absorption
n the positive control group (6 × 104/�L). However, when the
latelets encountered the GG40 film after 120 min, the amount of
bsorption on the film was lower than 1 × 103/�L (the minimum
imit measurable by the Analyzer). We used SEM to observe the
urface of the GG40 film. The average number of absorbed platelets
nder each view (7500×) was found to be less than 1 (Fig. 4B). The
EM image was also used to observe the morphology of platelets
bsorbed on the base material due to their activation in the posi-
ive control group (glass). Obvious pseudo pods were observed on
he platelets (Fig. 4A) (Mao et al., 2004). The platelets absorbed
n the surface of the GG40 film were round in shape and with-
ut pseudo pods (Fig. 4B). The results confirm that GG40 film can
esist the absorption of platelets and is a type of inert material for
hem.

.5. Attachment and growth of L929 fibroblast cells on GG film

As an in vitro screening test for the adhesion capability of GG film
o fibroblast, we inoculated the L929 fibroblast cells onto the GG40
lm, cultured them for designated periods, and evaluated the cell
iability with MTT assay. Fig. 5 shows the results of this MTT test.
n the 24 h period following cell seeding, an absorbance unit of only

.6 was displayed by the viable cells on the GG40 film as compared
ith the 1.1 units of cells grown on cultured flasks. This indicates

hat GG40 was able to inhibit cell adhesion attributable to the neg-
tively charged surface (Lee et al., 2005). However, once the cells
ttached to the surfaces of the GG40 film or the flask, the attached

ig. 5. Viability of L929 cells after 24, 48, and 72 h exposures to GG40 (n = 5, results
re given as mean values, bars represent standard deviation).
urface of Glass (A) and GG40 (B) (SEM 7500×).

cells proliferated at approximately equal rates, as indicated by the
similarity in slope of increasing absorbance. This implies that GG40
film disfavored cell adhesion and exhibited a nontoxic effect on the
attached cell.

3.6. In vivo biocompatibility

Researcher implanted HA film (positive control) and GG40 films
in the SD-rats’ subcutaneous tissue to evaluate inflammation reac-
tion. In the positive control, histological examination showed that
there were inflammatory cells in contact between the material and
the tissue on the 3 days after implanting (Fig. 6A) (Fernández-
Cossío, León-Mateos, Sampedro, & Oreja, 2007; Fulzele, Satturwar,
& Dorle, 2007). On the 14 days after implanting, there were no
residual materials in the gross examination. Examination of his-
tology (Fig. 6B) found that there was no inflammation of cells,
which indicates that HA film does not cause chronic inflamma-
tion. After we had implanted GG40 films for 3 days and 14 days,
histological examination showed the presence of Neutrophil (N)
and Macrophage (M) (Fig. 6C and D). Neutrophil is an indicator
of acute inflammation, and Macrophage is an indicator of chronic
inflammation (Wang et al., 2006; Kweon, Song, & Park, 2003). This
proves that GG40 film may lead to both acute and chronic inflam-
mation. Continuous follow-up studies of the inflammation caused
by the GG40 film showed that the histological section (Fig. 6E)
had only a few macrophages from the implanted materials existing
after 1 month. In terms of visual observations, residual materials
could be seen after the GG40 film had been implanted for 1 month.
This suggests that long-term follow-ups are important. In addi-
tion to inflammation, histological section showed subcutaneous
tissue with no fibrosis, stromal reaction, or vaccularity (Macleod,
Williams, Sanders, & Green, 2005). Based on the results, it can be
concluded that GG40 film demonstrate good in vivo biocompatibil-
ity.

3.7. In vivo wound healing

3.7.1. Gross examination
In this study, Duoderm and GG40 film were placed on the SD-

rat wound sites 5, 15, and 24 days after surgery for observation in
macro vision. After 5 days, the dressing and the wound in the con-
trol group showed severe adhesion, and hemorrhage occurred upon
removal of the dressing (Fig. 7A). In the GG40 group, we observed a
healthy, clean wound, pink and red in color, during the healing pro-
cess. In addition, the GG40 film adhered to the wound only slightly,
and we were able to remove it from the wound surface without

causing further trauma (Fig. 7D). After 15 days, it was difficult to
separate the Duoderm from the tissue, which resulted in consid-
erable tissue bleeding during removal of the dressing. As a result,
the wound healing process was prolonged. Nevertheless, for GG40
dressings, the wound was kept moist and no signs of inflammation
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ig. 6. Micrograph of rat subcutaneous tissue response to hyaluronic acid (HA, con
G40-14 days, and (E) GG40-30 days after surgery.

nd infection were observed (Fig. 7B and E). In a previous study,
inter reported that the epithelialization process can be accel-

rated if the wound is kept moist (Winter, 1962; Winter & Scale,
963). The epidermal cells migrate more easily over a moist wound
urface than under a scab in dry wounds (Yang et al., 2010). After 24
ays, for both Duoderm and GG40 dressings, most wound tissues
epaired themselves with no obvious residual scar tissue.

This study calculated the reduction in the wound defect area by
easuring the wound area size before and after fixed intervals of

ime (Balakrishnan, Mohanty, Umashankar, & Jayakrishnan, 2005).
n the control group, 5, 15, and 24 days after surgery, the wound size
eduction (%) was 31 ± 7%, 45 ± 9%, and 89 ± 3%, respectively. In the
xperimental group, 5, 15, and 24 days after surgery, the wound size
eduction (%) was 34 ± 3%, 54 ± 11%, and 88 ± 3%, respectively. The
ound size reduction in the control and experimental group at 15
ays showed statistically significant differences (P < 0.05). On the

4 days after the operation, the difference in wound size reduction
etween the two groups was not statistically significant (P > 0.05).
ased on the above results, it can be conclude that in the first few
ays after operation the effects of GG40 film in promoting healing
re superior to those of Duoderm.

ig. 7. Representative photographs of macroscopic appearance of a 2 cm × 2 cm wound ex
t 5 (D), 15 (E) and 24 days (F) after surgery.
nd GG40 film (HE stain 200×). (A) HA-3 days, (B) HA-14 days, (C) GG40-3 days, (D)

3.7.2. Histological examination
Rat skin tissue includes several different parts, such as the

epidermis, dermis, musculoautaneous layer, and subcutaneous
tissue. The histological sections showed a regenerated tissue struc-
ture and inflammation at the epidermis and dermis layers (Li et
al., 2008; Ong, Wu, Moochhala, Tan, & Lu, 2008). In the control
group, the epidermis had regenerated on the 5 days after surgery
(Masson’s trichroma stain, Fig. 8A). However, some tissues had
separated because the structure was incomplete. The GG40-film-
treated group (Fig. 8D) exhibited a deeply stained epidermis color
similar to that of the original tissue, which indicates that the struc-
ture was more compact. In addition, inflammatory cells were visible
in the regenerated dermis, the control group and the test group,
which suggests that inflammation occurred. According to literature
(Balakrishnan et al., 2005), inflammation is inevitable in the early
stages of a wound because dressing is a foreign matter. Additionally,

the regenerated dermis in the experimental group showed many
fibrous extracellular ground substances. It is evident the regener-
ation of tissues occurred faster in the experimental group. Again,
both groups displayed regenerated blood vessels, and no bacterial
colonies were found in either group. On the 15 days after surgery,

cised on rat, control wounds at 5 (A), 15 (B) and 24 days (C), and GG40 film wounds
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ig. 8. Micrograph of wound re-epithelialization in control group 5 (A), 15 (B) and
richrome stain 100×).

he generated epidermis in the control group (Fig. 8B) was still
ot compact, and the regenerated dermis showed round nucleus
ells. In the test group (Fig. 8E), the cells in the dermis were pri-
arily fibrous. Regardless of the group, integration occurred at the

unction between regenerated and original tissues and exhibited
higher level of tissue healing. On the 24 days after surgery, the
istological sections (Fig. 8C and F) showed that the amount of
egenerated tissue was similar between the control and test group.
his length of time is sufficient to allow the majority of wound tis-
ues to repair and explains the similarities between the two groups.

The extracellular ground substances of the skin tissues primarily
ontain type 1 collagen. To determine the distribution of extracel-
ular ground substances of the regenerated tissues, we utilized the

asson’s trichrome stain to stain the collagen (Li et al., 2008). The
asis for the relative quantity of collagen is the blue color value of
he tissue sections (if blue is stronger, the value is lower). In the con-
rol group, 5, 15, and 24 days after surgery, the color value of blue
as 110 ± 16, 91 ± 12, and 75 ± 7, respectively. In the experimen-

al group, 5, 15, and 24 days after surgery, the color value of blue
as 108 ± 22, 88 ± 6, and 70 ± 3, respectively. The data indicate that

olor value decreases with increase in time in both the control and
xperimental groups. This also indicates that the amount of colla-
en secreted increases with increase in time. Five and fifteen days
fter the surgery, the color values between the two groups showed
o statistically significant difference (P > 0.05). Twenty-four days
fter the surgery, the color value of the test group was lower than
hat of the control group (P < 0.05), which suggests that the test
roup had larger amounts of collagen secretion. This result con-
rms that GG40 film is a better option than the commercially used
uoderm during the wound healing process. In addition, the results
ould also be used to estimate the differences between regener-
ted collagen and collagen of the original tissues. The collagen of
he original tissues was blue (color value 108 ± 5), whereas the
egenerated collagen was bluish grey. The collagen of the original
issues was loosely distributed whereas the regenerated collagen

as more compact. Past studies have reported that inflammation

eaction can delay the regeneration of tissues (Jones, Edwards, &
homas, 2004). In this study, GG40 film showed a high level of bio-
ompatibility and excellent physical properties, which could help
romote wound healing.
ays (C), and GG40 film group 5 (D), 15 (E) and 24 days (F) after surgery (Masson’s

4. Conclusion

GG is one of many microbial polysaccharides used in drug deliv-
ery, tissue engineering, and in the food industry, but not in surgical
applications such as wound healing and dressing. Therefore, this
study prepared water-insoluble GG films and studied their char-
acterization and biological properties to expand future medical
applications. EDC can activate the galacturonic acid residues con-
tained within the GG molecule. To prevent EDC hydrolysis in water,
we applied ethanol as the reaction solvent, with results suggesting
that highest gel content was observed when the GG was cross-
linked in 40% ethanol. From the FTIR analysis, the mechanism of
EDC cross-linking in the GG was the condensation reaction between
the carboxyl and hydroxyl group. Because polysaccharide films
normally possess poor mechanical strength, the results obtained
in this study indicate that GG40 film is suitable for potential
applications in skin replacement. With respect to in vitro biocom-
patibility, MTT assay revealed that GG40 is compatible with both
L929 fibroblast cells and blood. With respect to in vivo biocompati-
bility, subcutaneous implantation showed that GG40 caused slight
inflammation in the first few days after operation, but no fibrosis
or stromal reaction in either long-term or short-term implanta-
tion. In the wound healing test, GG40 film demonstrated good
physical properties and biocompatibility, and proved to be capa-
ble of accelerating wound repair. In conclusion, EDC cross-linked
GG film has great potential for future use in clinical applica-
tions.
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