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Preparation and properties of a novel carbon
nanotubes/poly(vinyl alcohol)/epidermal growth
factor composite biological dressing
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Abstract. Wound dressings with drug delivery system have
drawn increasing attention in skin damage recombination.
Herein, a novel composite biological dressing was prepared
and based on poly(vinyl alcohol) (PVA) combined with carbon
nanotubes (CNTs) and epidermal growth factor (EGF) by elec-
trospinning on gauze. The properties of the CNTs/PVA/EGF
composite dressing were systemically investigated by general
observation, and scanning electron microscopy (SEM).
In vitro, the cytotoxicity of this dressing was investigated
using a methyl thiazolyl tetrazolium (MTT) assay on L929
fibroblasts. In order to study the sustained release of EGF
from this dressing, the concentration of EGF at different times
was tested by ELISA. Furthermore, the biological activity of
the released EGF was also evaluated using the MTT assay.
Moreover, an in vivo experiment was conducted to observe
whether this dressing was capable of improving healing in
the model of wounded skin on rats. It was revealed that this
dressing had a well-distributed microstructure by SEM.
Additionally, the grade of cytotoxicity was low, and the EGF
had a sustained release rate from this dressing. Furthermore, a
maximum accumulative release rate of 12.47% was identified
at 12 h, and was retained at 9.4% after 48 h. Simultaneously,
the relative growth rate of L929 fibroblasts in the 12 h
experimental group and 48 h group was 291.24 and 211.3%,
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respectively. Next, the efficacy of these products was evalu-
ated in vivo using Sprague-Dawley rats with a skin injury
model. The healing of wounded skin of rats was sped up by
this dressing based on the gross and histological appearances.
From 7 to 10 days, the wounds in the experimental group were
almost healed. In conclusion, this CNTs/PVA/EGF dressing
had a well-distributed structure and an ability to release EGF
at a sustained rate with the activity being favorable. On the
basis of those results, a positive influence of designed dressing
for accelerated wound healing was confirmed.

Introduction

Utilization of wound dressings is one of the most common
methods used to clinically treat skin damage, and is significant
in the daily clinical practice. The majority of traditional dress-
ings have a lot of shortcomings, actually hinder wound healing
and increase wound infection. Additionally, cellular granula-
tion tissues can easily grow into gauze meshes (1). However,
biological nanometer dressings have many advantages that can
accelerate wound healing compared with traditional dressings,
including biocompatibility, moisturizing efficacy, non-adhe-
sion and antibacterial activation (2,3). Furthermore, biological
dressings are mainly divided into natural materials, artificial
synthetic materials and drug-loaded dressings. In addition, the
drug dressing can play the role of drug loading, and further
promote wound healing (4).

Wound healing is a process, which restores the physical
integrity of body structures. It is a dynamic, complex, and
multicellular process that involves the extracellular matrix
(ECM), cytokines, blood cells, and growth factors. During
this process, growth factors are proteins that activate and
stimulate cell proliferation by activating angiogenesis, mito-
genesis and gene transcription, thus accelerating healing (5).
However, due to the enzymatic degradation or deactivation, or
the fast diffusion and dryness of growth factors in the wound
periphery, direct external employment of growth factors has
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not been found to display outstanding improvements in wound
repair and healing (6,7). Therefore, new potential therapeutic
interventions in wound healing have focused on growth factors
with sustained delivery, and growth factors contained within
the wound dressing, and have been highlighted in the field of
medical dressings (6-10).

Among numerous growth factors applied in the clinic,
epidermal growth factor (EGF) is the first and foremost
factor to promote the wound healing (11,12). EGF possesses
high-affinity receptors that are expressed by both fibroblasts
and keratinocytes, and improves epidermal and mesenchymal
regeneration, cell mobility, proliferation and synthesis of the
ECM, then consequently facilitate wound healing (13,14).
To preserve EGF bioactivity, and also to protect the tissue
in the reconstruction phase, an efficient approach could be
embedded EGF into a suitable dressing, which provides the
capability for sustained release of EGF when applied on top of
the wound (13,14).

Carbon nanotubes (CNTs) offer a spectrum of effective
attributes due to their novel structure, non-toxicity, antibac-
terial and absorptive properties, as well as their extensive
application to engineering scaffolds, drug release systems and
nanosensors (15-18) since their discovery by Iijima in 1991 (19).
Due to their excellent chemical and physical properties, several
studies have suggested CNTs as a carrier designed to be a
drug delivery system in cancer treatment (20,21). However,
there are no studies on CNTs as a drug delivery carrier mate-
rial with recombinant human (rh)-EGF. In the present study,
nanofibers of CNTs coated with rh-EGF were electrospun onto
the surface of traditional gauze in order to stably release EGF.
Stabilization of this CNTs/rh-EGF (hybrid) can be achieved
by introducing them into the appropriate polymer matrix.
Furthermore, poly(vinyl alcohol) (PVA) is a promising choice
as a polymer matrix because of its biocompatibility and excel-
lent features such as high water solubility, low cytotoxicity,
easy acquisition and high transmittance (22).

The incorporation of a networked hybrid into the PVA
matrix can significantly improve mechanical strength and
water resistance (23). Moreover, PVA has been used in
several biomedical applications such as developing medical
materials (24-26). In the present study, PVA was used as
a dispersant (27) and medium material and applied to elec-
trospun non-woven fabrics on the gauze in order to close the
meshes, so as to effectively prevent granulated tissue from
growth inside. The main purpose of the present study was
to fabricate and evaluate a novel CNTs/PVA/EGF composite
biological nanometer dressing.

Materials and methods

Materials. CNTs (purity, >95%) were acquired from Shenzhen
Nanotech Port Co., Ltd. (Shenzhen, China). Concentrated
sulphuric acid, concentrated nitric acid, sodium hydroxide and
polyvinyl alcohol were all purchased from Hunan Xiangya
Medicine (Changsha, China). Dulbecco's modified Eagle's
medium (DMEM), fetal bovine serum, dimethyl sulfoxide,
phosphate-buffered saline (PBS) and trypsin were all obtained
from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The recombinant human EGF (rh-EGF) was obtained
from Shenzhen Watsin Genetech Ltd. (Shenzhen, China). The
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enzyme-linked immunosorbent assay (ELISA) kit for EGF was
purchased from QNAP systems, Inc. (New Taipei, Taiwan).
Methyl thiazolyl tetrazolium (MTT) reagent was obtained
from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany) and
the L929 mouse fibroblast cell-line was provided by Nanjing
KeyGen Biotech Co., Ltd. (Nanjing, China).

Preparation of CNTs/PVA/EGF composite dressing
Purification and activation of CNTs. A total of 0.15 g CNTs
were dissolved in 150 ml of concentrated sulfuric and nitric acid
at aratio of 3:1 in a flat bottom flask, with ultrasonic dispersion
at 99 W for 30 min and at room temperature. Furthermore,
acidification was performed for 1 h in a water bath at 100°C.
Next, the solution of acid-treated CNTs was filtered by suction
filtration and washed in distilled water to a neutral pH, and then
dried at 70°C. The dried CNTs were then dissolved in 50 ml of
distilled water with ultrasonic dispersion at 99 W for 30 min
and at room temperature. Additionally, insoluble CNTs were
removed by centrifugation at 7,104 x g at room temperature for
20 min. Next, the solution of acid-treated CNTs were dried by
infrared (IR) analysis (FT-NIR ANALYZER, WQF-410; ABB
Group, Ziirich, Switzerland).

Dispersion and modification with PVA. Next, 0.2 g of
acid-treated CNTs were placed in 18.1 ml deionized water, and
the solution was stirred for up to 1 h with ultrasonic dispersion
for up to 1 h. Subsequently, 1.7 g PVA was dissolved in the
liquid and heated to 100°C in a water bath for 2 h. The sample
was homogeneous and stable, and no precipitation or disper-
sion of flocculation was observed. Furthermore, some of the
product was kept to dissolve in anhydrous ethanol, and then
filtered. When the temperature of the solution cooled down to
30°C, 20 ug rh-EGF was added in the mixed fluid at a tempera-
ture of 30°C in a water bath for 30 min. The synthesis process
of CNTs/PVA/EGF composite is shown in Fig. 1.

Electrostatic spinning. In the present study, the solution for
electrostatic spinning was acquired, which included 8.5% w/w
PVA, 1% w/w CNTs and 10 ug/ml growth factor. Eventually
the solution was electrospun to nanofibers alone or on the
surface of gauze or tinfoil under a voltage of 20-50 kV, with an
injection angle of 90°. Furthermore, the nozzle had a 0.5 mm
diameter and a rate of 0.5 ml/h.

Sterilization. The CNTs/PVA/EGF nanodressings were kept
at 4°C or lower after sterilization by alcohol at a concentration
of 70%.

Dressing characterization. A scanning electron microscope
(SEM; JISM5600-LV, JEOL, Ltd., Japan) with an accelerating
voltage of 15 kV was employed to observe the morphology
of the fibers. Prior to the observation, the specimens were
sputter-coated with gold. Furthermore, Image-J analysis soft-
ware (National Institute of Health, Bethesda, MD, USA) was
used to measure the average diameter of the fibers.

Preparation of cells. The 1.929 mouse fibroblast cell-line was
provided by Nanjing KeyGen Biotech Co., Ltd. The cells were
cultured in DMEM supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
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Figure 1. Schematic diagram of the synthesis process of carbon nanotube/poly(vinyl alcohol)/epidermal growth factor composite.

and 100 pg/ml streptomycin in a humidified atmosphere of
5% CO, in air at 37°C. After reaching confluence, the cells
were harvested and suspended in DMEM, and the concentra-
tion of cells was adjusted to 1x10* cells/ml.

Preparation of dressing leaching solution. The CNTs/
PVA/rh-EGF nanodressings (1x1 cm) were placed in 10% FBS,
with leaching at 37°C for 24 h. Next, the dressing leaching
solutions defined as experimental group 1 (n=6) were obtained
with a concentration of 100%, and experimental group 2 (n=06)
was obtained with a concentration of 50%. Additionally, the
PVA electrostatic spinning dressings (1x1 cm) were placed in
10% FBS, with leaching at 37°C for 24 h as the control group
(n=6).

Cytotoxicity in vitro. In order to assess the cell viability, an
MTT colorimetric assay was applied. The cultured cells were
treated with the above three groups of the dressing leaching
solutions respectively. The samples were read by a microplate
reader at 24 and 48 h after the reaction with the MTT reagent.
Additionally, a microplate reader set at a wavelength of 450 nm
was employed for testing OD values, and the relative growth
rate (RGR) of cells (%) was calculated using the following
formula:

Experimental (OD) .

RGR (%) =
(%) Control(OD)

100%

EGF release and activation. The CNTs/PVA/EGF nano-
dressings (5x5 cm) were leached into PBS containing
1% penicillin/streptomycin and 1% amphotericin as antimi-
crobial biocides. Next, the accumulative release rates (ARRSs)
of EGF in the solutions were tested by ELISA on the basis of
the manufacturer's instructions at 5, 15 and 30 min, 1, 3,9, 12,
24 and 48 h. Furthermore, the activation of EGF was evaluated
by the RGR of cells in the same way as that described above at
5,15 and 30 min, 1, 3,9, 12, 24 and 48 h.

Wound healing experiments with the CNTs/PVA/EGF
dressing. A total of 12 Sprague-Dawley (SD) rats (4 months
old; 200-250 g; male: female, 1:1) were used in the wound
healing assay. Rats were housed at 24°C in n environmetn
with 50% humidity and a 16/8 h light/dark cycle with free
access to food and water. Rats were anesthetized with 4%
chloral hydrate (350 mg/kg; Qingdao Yulong Algaue, Ltd.,

Qingdao, China), and a skin wound model with a diam-
eter of 1 cm was set up on their back. The wounds were
randomly assigned to the CNTs/PVA/EGF experimental
and normal saline control groups (n=6). Additionally, the
dressings on their back were fixed and closed with silica gel
thin film sutured on the wounds, and were removed when
images were captured. Images of the wounds were captured
daily and at the time of wound healing. Furthermore, the
non-healing area was calculated using a computer image
analysis system (CAD software version 18.0.55.0; Autodesk,
Ltd., San Rafael, CA, USA). The healing rate was calculated
as follows: Healing rate = (Initial wound area-non-healing
area)/initial wound area x 100.

The SD rats were provided by the Animal Experiment
Center of the Third Xiangya Hospital of Central South
University. The Ethics Committee of the Third Xiangya
Hospital approved the study, and all procedures complied with
the HuNan Guide for the Care and Use of Laboratory Animals.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation. Furthermore, the significance among
groups or intragroup differences was also assessed. The
statistical significance of treatments was determined by
two-tailed, Student's t-test at a 95% confidence interval
(P<0.05).

Results

Analysis of IR spectra of CNTs before and after purification.
The IR of CNTs before (bottom curve) and after (top curve)
purification by acidification are presented in Fig. 2. It can be
observed that the CN'Ts had no absorption peak in the vicinity
of 1,690/cm in the bottom curve, which indicated that the
surface of CNTs did not have carboxyl. However, after treat-
ment with acidification, the CNTs had an evident carboxyl
C=0 absorption peak at 1,699.8/cm, which showed that the
mixed sulfuric and nitric acid can induce CNTs activity.

General observations. The images of the sample of the
wound dressing are shown in Fig. 3. The non-woven fabrics
of CNTs/PVA/EGF were formed to a black thin film by
electrostatic-spinning, and their edges tended to easily curl
and fracture after strenuous retraction (Fig. 3A). After electro-
static-spinning the non-woven fabric onto the gauze, the color
of this compound on the dressings was light black as a whole.
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Figure 2. Analysis of infrared spectra of carbon nanotubes before (below)
and after (above) purification.

By contrast, the non-woven fabric of CNTs/PVA/EGF was a
uniform distribution that was decreased on the surfaces of the
gauze, but was more resilient than traditional gauze (Fig. 3B).

SEM observations. The SEM images of the CNTs/PVA/EGF
composite surface of the wound dressings are shown in Fig. 4.
The non-woven fabrics of CNTs/PVA/EGF was electro-
statically spun on the surface of the gauze (Fig. 4A and B)
(magnification, x30 and x500) and tin foils (Fig. 4C and D)
(magnification, x1,000 and x5,000), respectively. An evident
fiber structure could easily be observed. Furthermore, there
were many non-woven fabrics that covered the surface, filled
the holes of these gauze fabrics and touched each other
(Fig. 4A and B). Simultaneously, the non-woven fabrics were
crisscrossed and contorted into straight lines on the surface
of the tin foils. Additionally, the fractured non-woven fabrics
were not observed at high power (Fig. 4C and D), and the size
was ~500 nm (Fig. 4D).

In vitro cytotoxicity and biocompatibility. The 1L.929 mouse
fibroblasts were well grown in both the control and experi-
mental groups after 24 and 48 h in vitro (Fig. 5). The correlation
between the RGR and cytotoxical grade (CG) are shown
in Table I. In addition, the RGR of cells tested by the MTT
assay were 117.6% in the experimental group 1 and 112.5%
in the experimental group 2 after 24 h, then 137.3 and 125.7%
after 48 h respectively (Tables II and III). On the basis of a
correlation between the RGR and the CG in the MTT assay,
the grade of cytotoxicity was at the zero level.

EGF stability and release in cell culture medium. Evaluation
of in vitro stability and the release of loaded EGF in cell culture
medium are important for predicting the potential of devel-
oped CNTs/PVA/EGF composite for therapeutic applications.
To date, there are not many reports available in the literature
about describing the in vitro release profile and stability of
EGF loaded in CNTs/PVA nanofiber by an electrostatic-spin-
ning method. The present study evaluated the release profile
of EGF loaded in CNTs/PVA composite using ELISA. The
results indicate that the ARRs of EGF increased steadily, but
not rapidly before 12 h as shown in Table IV. Moreover, the
highest ARR of 12.47% with EGF was observed at the 12 h
time point after the experiment began, and remained at 9.4%
after 48 h. Furthermore, the reduction in the quantity of EGF
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A

Figure 3. General observation (A) non-woven fabric; (B) non-woven fabric
on gauze.

observed in the released fraction at later time points may be
partially associated with the stability of released EGF in the
medium. These results clearly indicate that EGF loaded in
CNTs/PVA composite is stable in a normal growth medium
for extended period of times.

EGF activation. In the present study, activation of EGF was
indicated indirectly by the RGR of L929 cells after being
cultured in the dressing leaching solution and normal saline
in a time-dependent manner. It was revealed that the cultured
cells were maintained in good condition after 48 h as shown
in Fig. 6. Additionally, the RGR of cells constantly and
steadily increased with the passage of time up to 291.24% at
12 h, and remained at 211.3% at 48 h, which was statistically
significantly different compared with the control (Table V).

Wound healing in skin injury model rats. Wound healing in
skin injury model rats was shown in Fig. 7, and all wounds
were not infected with good wound care. The wound-healing
rate at 3 days post-treatment in each group ranged between
15.225+1.034 and 16.726+1.634% with no difference
observed between the groups (P>0.05). At 7 and 10 days,
the healing rate in the experimental group was 60.19+3.837
and 95.033+6.247%, respectively, which was significantly
higher than those in the control group (P<0.05). Furthermore,
the wound-healing duration in the experimental group was
11.65+1.503 days, which was significantly shorter than that
of the control group (14.533+1.033 days; P<0.05). Thus, these
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Figure 4. Scanning electron microscopy images of nanofibers of carbon nanotubes/poly(vinyl alcohol)/epidermal growth factor (A and B) on gauze; (C and D) on

tinfoil.

Figure 5. Morphocytology of 1929 mice fibroblasts after 48 h (magnification, x100). (A) Control, (B) experimental group 1 and (C) experimental group 2.

results demonstrated that the wound-healing rate and duration
in the experimental group were higher and shorter than that in
the control group.

Discussion

The present study demonstrates a novel biological composite
dressing for treating skin wounds, which can effectively release
EGF by keeping an acceptable bioactivity at a sustained rate.
In this dressing, CNTs were important as a carrier material
coated with EGF. Meanwhile, PVA was used as a modifier
and dispersant for CNTs, which can generate a strong binding
force with substrate material for its small grain size and large
specific surface area (28). The possible synthesis process of the
CNTs/PVA/EGF composite in this system is shown in Fig. 1.
In order to activate CNTs, hydroxyl and carboxyl were
initially introduced to the surface by dissolving in concentrated
sulfuric and nitric acid. Additionally, the activation of CNTs

was verified by IR analysis as shown in Fig. 2. Next, CNTs
were dispersed by PVA, which could accelerate to form a
uniform suspension and keep the CNTs original features (27).

Electrospun meshes provide a high-surface area,
microporosity, and the ability to load drugs or other biomol-
ecules onto the fibers (29). In the present study, nanofibers
of CNTs/PVA/EGF were successfully fabricated by elec-
trospinning on the double-side of traditional gauze just like
a superposition shape of three layers as shown in Fig. 3, and
subsequently the morphology and characteristics of the nano-
fibers were observed. It was revealed that this novel dressing
is more resilient than traditional gauze. In a low power SEM
observation, the traditional gauze meshes were mostly closed
by these nanofibers with different levels, which could effec-
tively prevent granulated tissue growth. In addition, through
high power SEM observation, the gaps between these nano-
fibers were clearly shown to ensure air circulation from the
wound.
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Table I. Association between the RGR and cytotoxical grade.
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Table IV. The results of OD value and ARR (n=6).

RGR (%) CG Time OD ARR (%)
>100 0 5 min 0.394+0.021 3.18
75-99 1 15 min 0.545+0.018 441
50-74 2 30 min 0.738+0.036 5.96
25-49 3 l1h 0.917+0.021 741
0-24 4 3h 1.143+0.05 9.24
0 5 9h 1.330+£0.012 10.75
12h 1.543+0.096 12.47
RGR, relative growth rate; CG, cytotoxical grade. 24 h 1.367+0.041 11.05
48 h 1.163+0.083 9.40
Table II. Results of OD value, RGR and CG at 24 h (n=6). OD, optical density; ARR, accumulative release rate.
Control Experimental Experimental
Variable group group 1 group 2 Table V. Results of OD value and RGR.
OD 0.664+0.056 0.781+0.039 0.747+0.050 Time oD RGR (%)
RGR (%) 100 117.60 112.50
CG 0 0 0 Normal saline 0.310+0.012 100.00
5 min 0.349+0.019 112.70
OD, optical density; RGR, relative growth rate; CG, cytotoxical 15 min 0.447+0 003 14424
de. A447+0. .
grace 30 min 0.477£0.014 153.93
1h 0.533+0.007 172.01
3h 0.606+0.013 195.80
Table III. Results of OD value, RGR and CG at 48 h. 9h 0719+0.012 232.19
c I E . 1 E . ) 12h 0.901+0.034 291.24
Variable ‘;‘;;m Xp‘;g‘;nei“a prf)‘line;ta 24h 0.72420.017 233.69
sroup group group 48 h 0.654+0.012 21130
oD 1.1800.152 1.620+0.251 1.484+0.270 OD, optical density; RGR, relative growth rate.
RGR (%) 100 137.30 125.70
CG 0 0 0

OD, optical density; RGR, relative growth rate; CG, cytotoxical
grade.

One of the experiments in the present study adopted the
indirect contact method to assess the cytotoxicity of this
dressing by routinely detecting the toxicity of lixivium using
the MTT assay. The results indicated that the 1.929 fibroblasts
were viable in both the control and experimental groups after
24 and 48 h in vitro. In addition, the RGRs of L.929 fibroblasts
were 117.6% in the experimental group 1 and 112.5% in the
experimental group 2 after 24 h, and then went up to 137.3
and 125.7%, respectively, after 48 h. It turned out that this
dressing was not cytotoxic to 1929 fibroblasts and had the
characteristics of being biocompatible, which could meet the
basic requirements of biological dressings (30). On the basis of
the association between the RGR and CG, it indicated that the
dressings were safe to L929 fibroblasts.

Due to the instability of EGF as direct topical employment
on skin wounds, numerous studies focused on introducing a
sustained delivery system to overcome this disadvantage.
For example, it has been reported that EGF was conjugated

on the surface of electrospun polycaprolactone nanofibers
that were functionally synthesized with amine groups. These
manufactured EGF nanofibers markedly improved the in vivo
wound healing process in comparison to direct applica-
tion of EGF-containing solutions (31). Furthermore, this
CNTs/PVA/EGF composite dressing can also play a role in
stably releasing growth factors, according to the results of the
EGF release assays, where the ARR of EGF increased steadily
but not rapidly before 12 h. Moreover, a maximum ARR of
12.47% was found at 12 h, and was sustained at 9.4% after 48 h.
It was confirmed that the release of growth factors from this
dressing reached a peak at the point of 12 h, then declined after
48 h as a result of deactivation of the early released growth
factors that have a short half-life. In addition, the viability
of EGF release was reflected indirectly by the RGR of L.929
fibroblasts after being cultured in this dressing leaching solu-
tion and normal saline at different time points. It turns out that
the cultured cells were maintained in good shape after 48 h.
The RGR of cells constantly and steadily increased with the
passage of time, and reached 291.24% at 12 h. Furthermore,
it was sustained at 211.3% at 48 h. Additionally, it was proven
that the viability of EGF released was maintained so well that
it accelerated the growth of the 1929 fibroblasts.
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Figure 6. Morphology of L929 mice fibroblasts after cultured in the dressing leaching solution and normal saline for a period of time, and continued to culture
for 48 h. (magnification, x40). (A) Cultured in normal saline; (B) cultured in dressing leaching solution for 15 min; (C) 1 h; (D) 9 h; (E) 12 h and (F) 48 h.

Day 0 Day 3
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’ \
" 4
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Figure 7. Wound contract at different time points. On day 1 and 2 after wound creation, the wound contraction had no difference between the two groups. After
day 3, the wound contraction of the experimental group of rats handled with this dressing gradually became faster, as compared with control group. And from
day 7 to day 10, the wounds of rats in the experimental group were almost healed. Magnification, x20.

Experiments were also performed on rats with a skin
injury model. The wound conditions of treatment with
this dressing evaluated based on the gross and histological
appearances still verified that it could improve skin wound
healing. Beginning from 7 days, the wound treated with
this dressing showed a faster recovery rate than the control
group. This result strongly suggested that EGF was liberated
from CNTs/PVA/EGF nanofibers in response to degrada-
tion of PVA in the skin wound. This post-release process
subsequently proceeded to assist wound-healing process (32).
Furthermore, it was reported that a wound dressing composed
of hyaluronic acid and collagen sponge containing EGF
could promote a decrease in wound size, in accordance with
re-epithelialization and granulation tissue formation associ-
ated with angiogenesis (33).

Although a novel CNTs/PVA/EGF composite biological
dressing has successfully been created and its properties inves-
tigated, there are still many limitations in the present study.
For example, this novel dressing was not compared with others
used in the clinic, which would otherwise have permitted us to
emphasize its advantages. Furthermore, no bacteriostatic tests
were performed. Finally, whether this novel dressing promoted
fibroblasts to release other cytokines was not investigated.
Therefore, the goal of our future studies will be to investigate
these issues discussed, which will also involved modeling the
utility of this dressing.

In conclusion, the electrospun CNTs/PVA/EGF composite
biological dressing had a well-distributed structure and
displayed an improved ability to release EGF at a sustained
rate with the activity of the EGF released being favorable. The
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bioactively released EGF also accelerated the growth of 1.929
fibroblasts, which showed its potential application in wound
dressing. Additionally, an in vivo experiment showed that the
healing of wounded skin of rats was sped up by this dressing.
On the basis of the results of the in vitro and in vivo assays,
the positive influence of designed dressings for accelerated
healing of a wound model was confirmed.
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