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Abstract

Background:

Burn wound healing is slower when compared to other mechanisms of injury and
made challenging by frequent complications like infections which further delay
healing.’-3 Nitric Oxide (NO) has been demonstrated to have antimicrobial efficacy
and to accelerate the wound healing process through multiple mechanisms.* The
objective of this study was to evaluate NO-releasing dressings against wound
infections by common pathogens, using a porcine model due to morphological and
immunological similarities to human skin.>6

Methods:

Thirty second degree burn wounds measuring 27 mm in diameter were created on
each of six animals. The wounds were immediately inoculated with either methicillin-
resistant Staphylococcus aureus (MRSA USA300) or Pseudomonas aeruginosa
(PA09-010)” and then treated with either (A) 10 wt.% SNAP, (B) TPS10, (C) PDMS
Vehicle Control, (D) Silver Sulfadiazine Positive Control (SSD), or (E) Untreated
Control and then covered with polyurethane film dressing. Treatments were replaced
every three days and wounds were recovered for microbiological and histology
analysis on days 6, 9, or 21.

Results:

The NO-releasing dressings 10 wt.% SNAP and TPS10 produced significant
reductions (p<0.05) in MRSA bioburden at all assessment times compared to the
PDMS Vehicle Control, SSD, and Untreated Control groups. Against PA09-010, the
TPS10 and SSD groups had PA09-010 counts significantly lower (p<0.05) than
PDMS Vehicle Control and Untreated Control at all assessment times. Against both
pathogens granulation tissue formation and epithelial thickness were significantly
(p<0.05) greater in TPS10 treated wounds on day 21 compared to SSD and
Untreated Control, respectively.

Conclusion:

The NO-releasing dressings were effective in decreasing the bioburden of both
MRSA and P. aeruginosa in burn wound infections. The broad-spectrum antimicrobial
efficacy, in addition to enhanced wound healing, observed in this study makes NO
therapies a promising therapeutic for the management of burn wounds. Further
investigation should be conducted against additional wound pathogens and evaluate
effects on healing in non-infected wounds.

Introduction

Thermal injuries have a high incidence of complications including infection or kidney
injury.! These infections, often due to increased burn-related susceptibility, further
impede wound healing that is already reduced compared to other mechanisms of
injury.2® Recent works have demonstrated that Nitric Oxide (NO), an endogenous
gasotransmitter, has broad spectrum antimicrobial efficacy and enhances wound
healing. Emerging delivery modalities, such as SNAP, have enabled NO application
to wounds for these therapeutic effects.® This study investigated the efficacy of
SNAP dressings against MRSA and P. Aeruginosa burn wound infections.
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Materials and Methods
5. Treatment Regimen

1. Experimental Animals:

» Six specific-pathogen-free (SPF) female swine were used
in this study due to the anatomical similarities between
human and porcine skin.>

2. Wounding Technique:

A branding iron set to 200° C was held for 6 seconds
vertically over the skin with pressure from gravity alone (a)
to create thirty (30) second degree burn wounds per animal
measuring 27 mm in diameter (b). Blisters were removed
with a sterile Teflon spatula before inoculation (c).

2. Bacterial Inoculation:

* Inoculum suspensions containing 108 CFU/mL of either
MRSA USA 300 or PA09-010 were used .

« 25 pupL of the inoculum suspension was deposited
individually into the center of the wounds via pipette and
spread with a sterile Teflon spatula.

4. Experimental Design
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All  treatments were applied
immediately  following wound
inoculation.

10 wt. % SNAP (d), TPS10 (e), and L
PDMS Vehicle Control (f) were [*
applied and covered with | +
polyurethane film dressings . = b
200 mg of Silver Sulfadiazine was |
applied (g) and spread with a sterile

spatula (h).

All wounds were covered e
individually with polyurethane film g =
dressing (i). R

Every 3 days treatment was
reapplied.

6. Microbiology Assessment

Six wounds were assessed per treatment per assessment time for
each organism. 6 mm punch biopsies (j) were collected and
homogenized in Tenbroeck homogenization tubes.

Serial dilutions (k) were plated using a Spiral Plater System (I) onto
selective media: Oxacillin Resistant Screening Agar Base (ORSAB)
plates (m) for MRSA USA300, PA Agar (n) plates for PA09-010.

After 24 hours growth, colonies were counted and the quantity of
colony forming units per g (CFU/g), were calculated.

Incisional Biopsy
Histology Analysis

6mm Punch Biopsy
Microbiology Total
Bacterial Count

/. Histology Assessment

Incisional biopsies (j) were collected from the center of the wound and
stained with Hematoxylin and Eosin (H&E).

The following parameters were assessed for all histological samples:
Percentage of re-epithelization (percent of wounded area covered by
newly formed epidermis).

Epithelial thickness (averaged thickness of newly formed epithelium).
White cell infiltration (leukocytic infiltrates to assess inflammation).
Granulation tissue (percent of wound bed with granulation tissue).
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Results

Methicillin Resistant Staphylococcus aureus MRSA USA300
bacterial counts after treatment application
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MRSA USA300 Results
Compared to Untreated Control, the 10 wt.% SNAP, TPS10 * ©On day 6, 10 wt.% SNAP, TPS10, and Silver Sulfadiazine

and PDMS Vehicle Control groups had significantly lower

(p<0.05) MRSA counts on day 6.
The 10 wt.% SNAP and TPS10 treatment groups had M

bioburden reductions of over 99.5% on day 6 when

compared to Untreated Control, PDMS Vehicle Control
Silver Sulfadiazine Positive Control.

Silver Sulfadiazine, the Positive Control, did not significantly

reduce MRSA burden compared to Untreated or Ve
Control groups at all assessment times.
10 wt.% SNAP and TPS10 treated wounds had greater

99.9% reductions in MRSA counts compared to Untreated

Control wounds on day 21.

Histology Results

Granulation tissue for TPS10 was significantly
increased on day 21 compared to Silver Sulfadiazine
Positive Control

On day 21, Silver Sulfadiazine treated wounds had the
highest re-epithelization against both organisms but
was not significant compared to 10 wt.% SNAP.
Epithelial Thickness, Granulation Tissue Formation,
and White Cell Infiltration were not significantly
different on days 6 and 9 between all treatment
groups against both organisms.

Conclusions

PA09-010 Results

Positive Control significantly (p<0.05) reduced PA09-010
compared to both PDMS Vehicle Control and Untreated
RsA  Control.

 The 10 wt.% SNAP and Silver Sulfadiazine Positive Control
treatments produced further significant reductions on days 9
and 21 compared to TPS10.

« On day 21, Silver Sulfadiazine Positive Control achieved a
greater than 98.2% reduction in PA09-010 compared to
Untreated Control.

* 10 wt.% SNAP and Silver Sulfadiazine Positive Control
treatment groups had PA09-010 counts on day 21
significantly lower than those observed on day 6 and 9.
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This study demonstrates that NO-releasing SNAP dressings have considerable therapeutic potential in the management
of burn wound infections due to the observed antimicrobial efficacy against MRSA and P. aeruginosa.
Wound healing following SNAP application was comparable to or superior to Silver Sulfadiazine treated wounds and

SNAP did not appear to impede wound healing.

Future work involving additional animals and assessment times should be conducted to substantiate these findings.
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