Am J Transl Res 2018;10(1):246-255
www.ajtr.org /ISSN:1943-8141/AJTRO069653

Original Article
Negatively-charged aerosol improves burn wound
healing by promoting eNOS-dependent angiogenesis
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Abstract: Aerosols exist in the form of liquid or solid particles that stably suspending in air. Our previous studies
have found that aerosol can accelerate chronic wound healing. However, the biological effects of aerosol in burn
wound healing and the underlying molecular mechanism remain unclear. This study aimed to investigate the ef-
fects of aerosol on the healing of deep partial-thickness burn wounds and its regulatory mechanisms. By employing
a self-controlled model of rats, we demonstrated that aerosol treatment not only increased the healing rate, but
also improved the healing quality of deep partial-thickness burn wounds. Besides, the excessive inflammatory re-
sponses in the burn wounds were inhibited, and the angiogenesis was increased after aerosol treatment. It did so
by upregulating the expression of eNOS/NO, as well as the VGEF expression during the wound healing process. Our
results demonstrate that the function of aerosol in promoting burn wound healing is achieved by activating eNOS/

NO pathway.
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Introduction

A series of physiopathological changes in the
body after burn injury is mainly caused by the
burn wounds [1]. The treatment of burn wounds
directly affects the prognosis of patients [2].
Therefore, exploring effective ways to promote
wound healing is crucial for burns manage-
ment.

Aerosol is a system of tiny liquid or solid parti-
cles with the size of 0.01 ym-100 um in diame-
ter [3]. It will be defined as negatively-charged
aerosol when the aerosol carrying a certain
amount of negative charge. It has a long history
to apply the negatively-charged aerosols in the
field of biomedical science [4]. Since the nega-
tively-charged aerosol has the antibacterial
effects, it has been used as an effective steril-
izing method in the 1950s [5, 6]. In recent
years, inhalation of aerosol was widely used in
treating the respiratory diseases, such as asth-
ma and bronchitis, playing important roles in
anti-inflammation and spasmolysis [7, 8]. More
interestingly, a clinical trial that conducted by
our research team have found that negatively-
charged aerosol acted as a effective bacteri-

cidal factor, and accelerated chronic wound
healing by controlling hospital infection acquire-
ment [9]. Besides, another experiment also
showed that the negatively-charged aerosol
has potential therapeutic effects in treating the
acute wounds, such as burn wounds. However,
despite its proven therapeutic effects, little is
known about the molecular mechanisms under-
lying the action of negatively-charged aerosol in
burn wounds.

Nitric oxide (NO), a highly reactive free radical
that serves as a messenger molecule in various
physiological and pathological processes [10],
is formed by the oxidation of Larginine through
the activation of three different NO synthase
(NOS) isoforms, including neuronal NOS (nNOS),
inducible NOS (iNOS), and endothelial NOS
(eNOS) [11, 12]. Studies have shown that
eNOS/NO functioned as powerful angiogenic
mediators and can induce endothelial cell pro-
liferation, migration, and tube formation [13,
14]. The angiogenesis and wound healing were
delayed in the eNOS deficient mice [15], where-
as upregulation of eNOS expression and NO
production significantly promoted wound heal-
ing [16].
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Figure 1. The speed of burn wound healing in the two groups. A. Photographs showing the macroscopic wound heal-
ing in both the control and aerosol treatment groups at different time points following the burn event. B. The confir-
mation of the depth of deep partial-thickness burn wounds in rats by H&E staining. C. Graph showing the quantifica-
tion of wound healing rate in the two groups. The healing rate of the aerosol-treated wounds was significantly faster
than the wounds without any treatments on the 7th, 14th, and 21st post-burn days (n=6) (*P<0.05, *"P<0.01).

In this study, we investigated the effect of neg-
atively-charged aerosol in burn wound healing,
and found that the negatively-charged aerosol
can accelerate the burn wounds healing by pro-
moting the angiogenesis process, and the acti-
vation of eNOS/NO pathway served as the
potential mechanism.

Materials and methods
Animal experiment

A total of thirty-four sex-matched Sprague-
Dawley rats (180-220 g) that purchased from
the Experimental Animal Research Laboratory
at Sun Yat-sen University in China were individ-
ually caged under specific pathogen-free (SPF)
conditions. The feed and treatment of the rats
were carried out strictly according to the Com-
mittee on Publication Ethics (COPE) guidelines.

The deep partial-thickness burn wounds in
rates were created using a 2.5-cm-diameter
electrically heated brass rod as described in
our previous study [17]. Briefly, the animals
were injected intraperitoneally with 3 mi/kg
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chloral hydrate (10%) for anaesthesia. The hair
on the backs of the rats was removed by an
electric shaver. Deep partial-thickness burn
wounds that were 0.5-1 cm off the midspinal
line were made on each side of the dorsum of
the rats by application of the electrically heated
brass rod for 8 s with a constant pressure and
temperature (1 kg, 80°C). The depth of burn
wounds were confirmed 24 h later by H&E stain-
ing (Figure 1B). Paired wounds on the same rat
were randomly divided into the experimental
group and the control group. The experimental
group was treated with a negative-charged
aerosols therapeutic apparatus (NB-I, Siqi
Electronic Equipment Co., China). Aerosols with
the size of 5 ym diameter were generated by
this apparatus. The operative distance of the
apparatus is 30 cm apart from the wounds, and
the treatment lasted for 1.5 h each time. The
wounds without any treatments were used as
controls, and all the wounds were covered with
sterile gauze and bandaged. The aerosol treat-
ment was applied twice a day, and the skin
biopsies were harvested on the 1st, 3rd, 7th,
14th, and 21st days, respectively.
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Table 1. The primer sequence of the inflammatory genes that

were detected

CD31 (1:200 dilution, BD Bio-
sciences,) and anti-Ki67 (1:400

Primer Forward (5’-3’)

Reverse (5’-3)

dilution, Abcam) antibodies. Bri-

IL1B CAGCCTCAGCGAAGAGACCTT  ACTGTGGTGTGCTCAGAATCC
TNF-a0  CCAGGTTCTCTTCAAGGGACAA CTCCTGGTATGAAATGGCAAATC
ATCGGTGCAATCTATCTTCTTTCTC
IL-6 CCAAGACCATCCAACTCATCTTG CACAGTGAGGAATGTCCACAAAC
B-actin CCAGGTTCTCTTCAAGGGACAA CTCCTGGTATGAAATGGCAAATC

IL-8 GGCTTGCCTTGACCCTGAA

efly, the sections were blocked
with 5% BSA for 2 h and incubat-
ed with primary antibodies at 4°C
overnight. After washing, the sec-
tions were further incubated with
secondary antibodies (Vector la-

Wound analysis

The burn wounds were digitally photographed
at the indicated time intervals, and the wound
closure was assessed using Image J software
(National Institutes of Health, Bethesda, MD,
USA). The wound areas were standardized by
comparison with the original wound size, and
the healing rate was expressed as a percent-
age of wound closure: [(day O area-day n area)/
(day 0 area)] x100% (n=1, 3, 7, 14 or 21).

Histology and immunohistology

Harvest tissues were fixed with paraformalde-
hyde (4%, PFA) overnight followed by dehydra-
tion and embedded in paraffin. Serial 5-uym
sections were cut and stained with haematoxy-
lin and eosin (HE) and Masson’s trichrome.

For immunohistochemical staining, the activity
of endogenous peroxidase was quenched by
incubation with 1% hydrogen peroxide for 15
min followed by treatment of antigen retrieval
solution (Dako, Carpinteria, CA). The sections
were then incubated with primary antibodies
against rat CD31 (1:12000 dilution, BD Biosci-
ences, San Jose, CA) and eNOS (1:1000 dilu-
tion, Abcam, Cambridge, MA) at 4°C overnight.
After thorough washing, the sections were incu-
bated with biotinylated secondary antibody
(Vector laboratories, Burlingame, CA) for 1 h,
followed by incubation with avidin-biotin com-
plex (Elite ABC kit; Vector Laboratories) for 1 h.
Color was developed in 3,3-diaminobenzidine
(DAB) and nuclei were stained with hematoxylin
(Sigma-Aldrich, St. Louis, MO). Negative control
staining experiments were performed by omis-
sion of the primary antibody. Images were
captured using a light microscope (BX51 WI
Olympus, Allen, PA).

For immunofluorescent staining, a double-
labeling technique was applied to analyze the
proliferation of endothelial cells using anti-
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boratories) for 1 h in the dark.

Subsequently, the sections were
incubated in 4’6-diamidino-2 phenylindole
(DAPI) for nuclear staining. Images were obtain-
ed with a fluorescence microscope (Carl Zeiss)
and were merged using Image-Pro Plus v. 6.0
software.

Microvessel density (MVD) and proliferating
capillary index (PCl) quantification

The MVD has been widely used to assess blood
vessel number. Here, an endotheliocyte cluster
of pale brown colour of CD31 expression was
identified as a blood vessel, regardless of
whether the lumen or red blood cells were pres-
ent [18]. For the PCI, which was used to deter-
mine the proliferation of endothelial cells, was
quantified by calculating the ratio of the num-
ber of microvessels with proliferating endothe-
lial cells (Ki67) to the total number of microves-
sels (CD31) [19]. The vessels were counted
under a power field of 10x20 in 5 randomly
selected fields from 3 separate sections of
each sample. The MVD and PCI was quantified
as the average number of microvessels per
viewing field.

Quantitative real-time PCR assay

Total RNA was isolated using TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA), and was rever-
se-transcribed into cDNA using a thermocycler
(51000, Bio-Rad, Berkeley, CA, USA) and the
First Strand cDNA Synthesis Kit (Fermentas),
according to the manufacturer’s protocol. Real-
time RT-PCR was performed using the SYBR
gPCR mix (Invitrogen), and the thermocycling
profile was as follows: an initial denaturation
step at 95°C (1 min), followed by 40 cycles of
denaturation at 95°C (15 s), annealing at 60°C
(15 s) and extension at 72°C (60 s). Each sam-
ple was run in triplicate, and the relative gene
expression was quantified using the 222t meth-
od [20]. The primer sequences that used in this
study were collected in Table 1.
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Transmission electron microscopy

The skin sections were fixed in glutaraldehyde
(2.5%) for 24 h and osmium tetroxide (1.0%) for
1.5 h, respectively. Then the sections were
dehydrated in a graded ethanol series, followed
by embedded in Epon812. Ultrathin sections
were cut using an ultramicrotome device and
were mounted on slit grids that coated with for-
mavar. Ultrathin sections were stained with
uranyl acetate and lead citrate, and then was
observed under a transmission electron micro-
scope (Hitachi H-500).

Measurements of nitrite and nitrate NO

The in vivo microdialysis was carried out firstly
[21]. Briefly, the rats were anesthetized and
maintained at 37°C. Microdialysis probes (CMA
Microdialysis AB, Kista, Sweden) that treated
with Heparin sodium (100 U/mL) were connect-
ed though polyethylene, which was tubed to a
microsyringe at one end, and punctured into
the skin dermis layer close to the wound edges
at the other end. Phosphate buffer (10 mM, pH
7.4) was perfused for 1 h at a constant flow rate
of 2.0 yL/min, and the perfusates were collect-
ed via polyethylene tubing.

The quantification of NO production in the skin
wounds was performed by simultaneously
measuring the NO metabolites of nitrite (NO2)
and nitrate (NO3") in the microdialysate [22].
Briefly, 10 yL of the microdialysate fraction was
injected into an NO-detector (Eicom, San Diego,
CA). The NO2 and NO3 in the microdialysate
were separated by a reverse-phase separation
column (Eicom, San Diego, CA). The absor-
bance of the product was detected at 540 nm
using a flow-through spectrophotometer (NOD-
10, Eicom, San Diego, CA). The concentrations
of NO2 and NO3" were obtained using a stan-
dard curve.

Statistical analyses

The results were expressed as means * stan-
dard deviation. Comparisons of the healing
rate, microvascular density, proliferating capil-
lary index and inflammatory cytokines expres-
sion between control and aerosol groups at the
same time point were conducted using Stude-
nt's t test. The differences between two groups
at different time points were compared using
one-way ANOVA, followed by the Bonferroni
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test. All statistical analyses were performed by
SPSS 18.0 software (SPSS, Chicago, IL, USA). A
p value <0.05 was considered to be statistically
significant.

Results

Aerosols accelerated burn wound healing in
rats

The deep partial-thickness burn wounds were
created on the back of rats, and the depth of
wounds was confirmed within 24 h after burns
(Figure 1B). In the aerosol treatment group, the
crusta began to separate from the wound mar-
gins on the 3rd day after burning and fell off
completely on the 14th day, when the residual
wound area was less than 40%. The wounds
reached complete closure, and the newborn
hair can be clearly observed on the 21st day. In
contrast, in the control group, the decrustation
of the wounds was delayed, which can be
observed until the 7th day, and the epitheliza-
tion was much slower compared with that in the
experimental group. There was more than 30%
wound area left in the control group on the 21st
day, when the wounds healed completely in the
aerosol treatment group (Figure 1A). The quan-
tification of wound healing rate was shown in
Figure 1C, and the healing rate of the aerosol-
treated wounds was significantly faster than
the wounds without any treatments on the 7th,
14th, and 21st post-burn days.

Aerosols improved the quality of burn wound
healing in rats

On the 3rd day after burning, there were edema
and a large number of inflammatory cells infil-
tration in the control group, while only a rela-
tively small amount of inflammatory cells can
be detected in the aerosol-treated wounds. The
monolayer epithelium has already formed in
aerosol-treated wounds on the 7th day, when
the epidermal cells were still absence in the
control group. In addition, the proliferation of
dermal fibroblasts was active in the aerosol-
treated wounds, while the nuclear pyknosis can
be observed in the control group (Figure 2B). In
the late stages of wound healing, the epidermal
layer was thicker and new blood vessels were
abundant in the aerosol-treated wounds. How-
ever, the number of new blood vessels was
less and the epidermal layer was thinner and
disorganized in the control group (Figure 2A).

Am J Transl Res 2018;10(1):246-255



Aerosol improves burn wound healing

A Control Aerosol

sol

-

Control Aerosol
w¥ 2

7 Control Aerosol

Figure 2. The quality of burn wound healing in the two groups. A. H&E staining showing the histological changes
in burn wounds in the two groups at days 21 after the burn event. The epidermal layer was thicker and new blood
vessels were abundant in the aerosol-treated wounds. B. Dermal fibroblasts in the two groups were observed and
photographed by the transmission electron microscopy. The proliferation of dermal fibroblasts was active in the
aerosol-treated wounds, while the nuclear pyknosis can be observed in the control group. C. Masson’s trichrome
staining showing the organization of dermal collagen fibers in the two groups. The collagen fibrils were distributed
compactly and regularly in the aerosol-treated wounds, which were disorganized in the control group. D. The re-
generative accessory structures in the burn wounds were observed by the transmission electron microscopy. The

accessory structures, such as hair follicles were obviously regenerated in the aerosol-treated wounds.

Masson’s trichrome staining was used to show
the dermal collagen fibers. As shown in Figure
2C, the collagen fibrils were distributed com-
pactly and regularly in the aerosol-treated
wounds, which were disorganized in the control
group. The accessory structures, such as hair
follicles were obviously regenerated in the aero-
sol-treated wounds, while these structures
were destroyed or missing in the control group
(Figure 2D).

Aerosols promoted the angiogenesis in the
burn wounds

Angiogenesis is an important event in the pro-
cess of wound healing, which is seriously blunt-
ed in burn wound. Here, we evaluated the
angiogenesis by immunostaining endothelial
cell marker CD31. As shown in Figure 3A, 3B,
there were a small number of CD31-positive
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cells in both groups on the 1st and 3rd days.
The number of endothelial cells was obviously
increased beginning on the 7th day, peaked on
the 14th day, and then decreased slightly on
the 21st day. To quantify the number of
microvessels, the MVD was used and result
showed that aerosol-treated wounds had much
higher MVD than the control group from the 7th
to the 21st days.

In addition, we used a combination of the spe-
cific markers CD31 and Ki67 to simultaneously
immunostain endothelial cells and proliferating
cells to quantitatively assess the proliferation
status of the endothelial cells in the wounds
(Figure 3C). PCl is quantified by the percentage
of microvessels with Ki67-positive endothelial
cell nuclei, and results showed that the PCI val-
ues increased from the 1st to the 3rd day, and
the aerosol-treated wounds had higher PCI val-
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Figure 3. The angiogenesis process in the burn wounds during the wound healing. A. Immunohistochemical staining
showing the CD31-positive microvessels in burn wounds. Representative images at days 14 after the burn event are
shown. B. Quantification of the microvessel density (MVD) in the two groups at different time intervals. The aerosol-
treated wounds had much higher MVD than the control group from the 7th to the 21st days. C. Representative ex-
amples of double staining of PCNA/CD31 (green, PCNA; red, CD31; nucleus, blue) in skin sections from the control
group and the aerosol t treatment group at day 7 after the burn event. D. Quantitative comparison of the proliferat-
ing capillary index (PCI) in the two groups. The PCl was used to assess the percentage of microvessels with prolif-
erating endothelial cells (n=6). The PCl increased from the 1st to the 3rd day, and the aerosol-treated wounds had
higher PCI values than the control group on the 3rd day. The PCl decreased gradually from the 7th to the 21st day
in the aerosol-treated wounds, and they were much lower than that in the control group (n=6) (‘P<0.05, ""P<0.01).

ues than the control group on the 3rd day. The
PCl values decreased gradually from the 7th to
the 21st day in the aerosol-treated wounds,
and they were much lower than that in the con-
trol group (Figure 3D).

Aerosols inhibited the inflammatory cytokines
expression in the burn wounds

Studied have demonstrated that the inflamma-
tory cytokines, such as IL-13, TNF-a, IL-8 and
IL-6 are over-expressed in the burn wounds,
and the expression levels of these cytokines
are involved in the healing rate and quality of
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burn wounds [23]. Here we detected the expres-
sion of these cytokines in the burn wounds of
rats that treated with or without aerosol. By
PCR assay, we found that the expression of
IL-1B3, TNF-¢, IL-8 and IL-6 in the wounds peaked
on the 3rd day, and the expression levels in the
aerosol-treated group were much lower than
that in the control group. The expression of
IL-1B, TNF-¢, IL-8 and IL-6 decreased gradually
in both groups from the 7th to the 21st days,
and these inflammatory cytokines expression
were significantly reduced after aerosol treat-
ment when compared with the control group
(Figure 4A-D), suggesting that aerosol treat-
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Figure 4. The mRNA expression of pro-inflammatory cytokines in the burn wounds during the wound healing. A. The
expression of IL-1B in the two groups at different time intervals. B. The expression of TNF-« in the burn wounds of
two groups. C. The expression of IL-8 in the two groups. D. The expression of IL-6 in the two groups at different time
intervals. The expression of IL-13, TNF-q, IL.-8 and IL-6 in the wounds peaked on the 3rd day, and the expression lev-
els in the aerosol-treated group were much lower than that in the control group. The expression of IL-13, TNF-, IL-8
and IL-6 decreased in both groups from the 7th to the 21st days, and these expression were significantly reduced
after aerosol treatment when compared with the control group (n=6) (*P<0.05).

ment can inhibit the excessive inflammatory
responses in the burn wounds.

Aerosols increased the eNOS/NO/VEGF signal-
ing pathways in the burn wounds

Given that the eNOS/NO pathway plays a criti-
cal role in the process of angiogenesis, and the
downstream of it, such as VEGF functions as
one of the most important pro-angiogenic fac-
tors [24]. Here we detected the expression of
eNOS/NO/VEGF during the burn wound heal-
ing. Figure 5A shows the immunohistochemis-
try analysis of eNOS expression in burn wounds
of each experimental group on the 14th day
after burning. The control group exhibited spo-
radic staining of eNOS, whereas the aerosol-
treated group exhibited strong and extensive
pale brown staining of eNOS, which mainly
located around the newly formed microvessels.
The relative level of positive eNOS staining in
the aerosol-treated group was much higher
than that in the control group from the 3rd to
the 21st days (Figure 5B).
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The extracellular levels of NO that extracted
from the burn wound was shown in the Figure
5C. During the healing processes, the expres-
sion of NO obviously increased beginning on
the 3rd day, peaked on the 14th day, and then
decreased slightly on the 21st day. When com-
pared with the control group, which exhibited
low levels of NO, the expression of NO was
much higher in the aerosol-treated group from
the 3rd to the 21st days.

Furthermore, we detected the expression of
VEGF, an important pro-angiogenic cytokine
during the wound healing. As shown in Figure
5D, the expression of VEGF increased slightly
on the 3rd day, when the aerosol-treated group
exhibited higher level expression than that in
the control group. The expression of VEGF con-
tinued increasing, peaked on the 14th day and
then reduced slightly on the 21st day. When
compared with the control group, the expres-
sion of VEGF in the aerosol-treated group
increased significantly on the above time
points.
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Figure 5. The activation of eNOS/NO/VEGF signaling pathway during the wound healing in the two groups. A. Im-
munohistochemical staining showing the expression and location of eNOS in burn wounds. Representative images
at days 14 after the burn event are shown. The control group exhibited sporadic staining of eNOS, whereas the
aerosol-treated group exhibited strong and extensive pale brown staining of eNOS, which mainly located around the
newly formed microvessels. B. Quantification of the expression of eNOS in the two groups at different time intervals.
The relative level of positive eNOS staining in the aerosol-treated group was much higher than that in the control
group from the 3rd to the 21st days. C. Quantification of the extracellular levels of NO that extracted from the burn
wounds in the two groups at different time intervals. The expression of NO was much higher in the aerosol-treated
group than that in the control group from the 3rd to the 21st days. D. The mRNA expression of VEGF in the burn
wounds of two groups. When compared with the control group, the expression of VEGF in the aerosol-treated group

increased significantly from the 3rd to the 21st days (n=6) (*P<0.05).

Discussion

The main objective in burns management is
accelerating the rate of wound healing, shorten
healing time, restoring the appearance and
function of the burned areas as much as pos-
sible [2]. In this study, we used the negatively-
charged aerosol to treat deep partial-thickness
burn wounds in rats, and found that the healing
rate significantly increased after negatively-
charged aerosol treatment, and the quality of
healing, including the thickness of new-formed
epidermis, the arrangement of collagen fibers
and the renew of skin appendage structures
were also improved.

The negatively-charged aerosol carried a cer-
tain amount of negative charge, which has
been demonstrated as an effective method for
promoting wound healing [25]. Studies have
shown that the bioelectricity system that stably
exists in the human body has repair effects for
injured tissues [26]. The bioelectricity system
was destroyed, and lost the function of promot-
ing repairing under special conditions, when
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the exogenous negative air ion application can
promote wound repair by simulating the endog-
enous bioelectricity. The mechanisms underly-
ing it include the activation of immune cells,
elevating the expression of growth factors,
such as PDGF, and affecting the vitality of
superoxide dismutase (SOD) [27].

Aerosol, which is defined as the mixture of lig-
uid or solid particles that stably suspending in
the air, has been proved to had therapeutic
effects in diseases, such as respiratory diseas-
es [4]. However, the the variety of their shapes,
sizes, densities and electrical charge will affect
the behavior of aerosol. Our previous research-
es have shown that the aerosol carrying a cer-
tain amount of negative charge can promote
the wound healing, especially for the chronic
wounds [9]. However, the effects of negatively-
charged aerosol on acute wounds healing, such
as burn wound, and the potential mechanism
underlying it was still unclear.

In this study, we found that the negatively-
charged aerosol application remarkably redu-
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ced the inflammation in the burn wounds by
decreasing the pro-inflammatory cytokines
expression. More importantly, the angiogene-
sis, the critical process of tissue repair was
also improved after negatively-charged aerosol
treatment, suggesting that promoting angio-
genesis is the main mechanism for negatively-
charged aerosol in improving burn wound
healing.

Among the various factors that regulate the
angiogenesis, eNOS/NO functioned as an im-
portant motivator [28]. Researches have found
that intractable wounds with endothelial dys-
function, such as impaired diabetic wounds
showed reduced activation of eNOS and incre-
ased reactive oxygen species, which account
for the reduced synthesis and bioavailability of
NO and increased NO consumption, respective-
ly [29]. However, increasing NO biosynthesis
and bioavailability via the direct up-regulation
of eNOS expression not only protected the
endothelial function and stimulated the angio-
genesis, but also promoted the healing rate
and quality of wounds [30, 31]. In line with pre-
vious studies, in this study we found that the
expression of eNOS/NO, and the downstream
VEGF in the wounds were obviously increased
after the negatively-charged aerosol treatment,
demonstrating that the eNOS/NO activation is
involved in the aerosol-induced angiogenesis
and wound repair.

In summary, the negatively-charged aerosol
accelerates burn wounds healing by promoting
the angiogenesis process, and the activation of
eNOS/NO pathway serves as the potential
mechanism. The results of this study provide a
strong rationale for the exploration of negative-
ly-charged aerosol as a effective therapeutic
strategy for wound healing.
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