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Abstract
Background—While the inflammatory response is a prerequisite for wound healing, excessive
activation of the innate immune system can induce epithelial cell damage and apoptosis, which may
further compromise dermal integrity. In a non infectious burn wound model, we previously
demonstrated that topical inhibition of p38 MAPK, an important inflammatory signaling pathway,
attenuated epithelial cell damage and apoptosis. We now questioned whether attenuating local
inflammation would weaken bacterial wound resistance and compromise host defense.

Methods—Rats received 30% total body surface area burn, and the wound was treated with topical
application of a p38 MAPK inhibitor or vehicle. Twenty-four hours after injury, burn wounds were
inoculated with Pseudomonas aeruginosa. Forty-eight hours post-injury, animals were sacrificed
and the burn wound was analyzed.

Results—Inoculating burn wounds induced a significant bacterial growth. Dermal inflammatory
changes were markedly accentuated in the inoculated animals. Topical p38 MAPK inhibition reduced
burn wound pro-inflammatory cytokine expression and PMN sequestration with or without bacterial
inoculation. Interestingly, the bacterial wound growth was significantly attenuated in animals treated
with topical p38 MAPK inhibitor.

Conclusion—Topical p38 MAPK inhibition attenuated wound inflammation without interfering
with bacterial host defense. Attenuation of excessive burn wound inflammatory signaling may
prevent secondary damage of the dermal barrier and reduce the growth of opportunistic pathogens.
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INTRODUCTION
Therapeutic advances such as early surgical debridement and grafting as well as organ
supportive measures have increased survival rates of critically injured burn patients.1, 2
However, burn wound infection and sepsis remain leading causes of death among hospitalized
burn victims.3, 4 In this scenario, Pseudomonas aeruginosa - a gram negative opportunistic
pathogen, is of a special relevance due to its high risk of infection in burn injured patients and
its growing antibiotic resistance.5, 6 P. aeruginosa is known to be an opportunistic infection
in the compromised host.7, 8 Thus, burn-specific factors, such as size and depth of the injury
determine the propensity for wound infections via disruption of the dermal integrity, allowing
burn wounds to become invaded by sequential waves of pathogens. Once established, P.
aeruginosa wound infection and sepsis is associated with mortality rates beyond 50 percent.
9, 10

Inflammation is a key component of host immune response to injurious stress. Resident cell
expression of inflammatory mediators activates and recruits neutrophils, the cellular first line
of defense. A key player in epithelial inflammatory and apoptotic signaling is p38 MAPK, a
member of the primordial family of mitogen activated kinases11. We previously demonstrated
that topical inhibition of p38 MAPK significantly reduced burn-wound expression of pro-
inflammatory cytokines and chemokines.12, 13 Additionally, we found that dermal neutrophil
sequestration, microvascular injury, as well as p38 MAPK associated epithelial apoptosis were
reduced.

The excessive production of pro-inflammatory mediators, such as TNF-α and NO, may have
deleterious effects on wound healing and can promote bacterial growth.14–17 Furthermore,
inflammatory upregulation of proteinases such as matrix metalloproteinases have been shown
to enhance tissue injury and support bacterial invasion.8, 18–20 One can reason that dampening
the initial surge of burn wound inflammatory and apoptotic signaling could have a protective
effect on dermal integrity and thereby reduce growth of opportunistic pathogens. However,
inhibition of local inflammatory response may reduce chemo-attraction of immunocompetent
cells, interfere with bacterial killing, and compromise host defense. Our current study was
designed to investigate the effect of topical p38 MAPK inhibition on inflammatory response
and bacterial growth in a burn wound inoculated with P. aeruginosa.

In this study, we demonstrated that inflammatory mediator levels and neutrophil sequestration
were significantly higher in burn wounds inoculated with P. aeruginosa as compared to the
non-inoculated control, indicating an inflammatory response to bacterial infection. Topical p38
MAPK inhibition reduced burn wound expression of inflammatory mediators and neutrophil
sequestration, with or without bacterial inoculation. Interestingly, we found a significant
reduction of P. aeruginosa growth in the inoculated wounds that received topical p38 MAPK
inhibitor.

METHODS
Reagents

Unless otherwise indicated, all reagents were purchased from Sigma Aldrich (St. Louis, MO).

Experimental Animals
All experiments were performed in accordance with the guidelines set forth by the National
Institutes of Health for care and use of animals. Approval for the experimental protocol was
obtained from the University Committee on Use and Care of Animals (UCUCA) at the
University of Michigan. Male Sprague Dawley rats (Harlan) weighing 220–240g were allowed
to acclimate for at least one week prior to being used in any experiment. Animals had
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unrestricted access to standard rat chow and water ad libitum throughout the whole course of
the study.

Experimental Procedure
Animals were anesthetized by i.p. injection of 40mg/kg sodium pentobarbital (Nembutal®;
Abbott Laboratories, North Chicago, IL). The dorsal area of the animals was clipped and
animals were placed in a fenestrated insulating mold calculated to expose approximately 30 %
total body surface area (TBSA)21. After immersion in 60° C water for 25 sec, the burn area
was scrubbed using sterile gauze and rinsed with sterile 0.9 % saline. As previously
demonstrated, this burn model induces epidermal necrosis, but the skin appendage epithelial
cells have no necrosis with approximately 50% apoptotic rate in 24-hours, and the burn wounds
remain vascular and pink12. Animals were subsequently resuscitated with 4 mL/%TBSA/kg
Ringer’s Lactate i.p. and received 0.3 mg/kg BW buprenorphine s.c.(Buprenex®, Reckitt &
Coleman Pharmaceuticals, Richmond, VA). Animals were housed individually and had access
to water and standard chow ad libitum. Sham animals were subjected to identical procedure
and resuscitation but were immersed in room temperature water.

For topical inhibition of p38 MAPK, 1 mL of 10−4M of SB202190 (Calbiochem, San Diego,
CA) - a specific p38α/β inhibitor- was applied to the wound immediately after injury, and
repeated twice every 8h during the first 24h. We had determined the dosing and mode of
application in previous studies.12 Sham and burn controls received the drug vehicle consisting
of a 4:1 mixture of acetone/olive oil (AO). Subsequently, wounds were sealed using an
occlusive dressing (Tegaderm®; 3M Health Care, St. Paul, MN).

For bacterial wound inoculation, animals were anesthetized at times 24h after burn injury for
topical application of 106 colony forming units (CFU) of P. aeruginosa in 100 μL of 1xPBS
on sterile gauze, followed by sterile occlusive dressing. Control groups received identical burn
trauma and treatment with either vehicle or SB202190 but received no bacterial inoculation.
After additional 24h, animals were euthanized; skin samples were harvested, weighed and
homogenized. Skin homogenates were serially diluted and plated in triplicates on blood agar
plates (Becton Dickinson, Franklin Lakes, N.J.). Blinded culture plates were incubated for 24h
at 37°C and CFU were counted. Pathogens were confirmed using the Oxidase method (BBL
Taxo Discs, Becton Dickinson, Franklin Lakes, N.J.).22 Residual skin and organs were snap
frozen in liquid nitrogen until further processing or directly processed according to protocol.

Bacterial Culture
P. aeruginosa isolates from burn patients were kindly provided the Department of Pathology,
University of Michigan. Bacteria were grown overnight in 50mL Trypticase soy broth (Becton
Dickinson, Franklin Lakes, N.J.) at 37°C and constant shaking at 275 rpm. An aliquot of
resulting stationary-phase cultures was transferred into 30 mL of Trypticase soy broth and
incubated at 37°C for 2.5h to reach log phase. Subcultures were transferred to a 50mL conical
polystyrene tube and centrifugation for 10 min at 4°C to induce log phase growth. Resulting
bacterial pellet was washed with sterile phosphate-buffered saline (PBS), and resuspended in
5 mL ice-cold PBS. The optical density of 100 μL of suspension was measured at 620 nm and
bacterial concentrations were calculated using the formula OD620 x 2.5 x 108.

ELISA
100 mg of tissue was homogenized in 1 mL ice cold lysis buffer (50mL PBS 1X supplemented
with protease inhibitor (Complete X®, Roche, Indianapolis, IN) and 50 μL Triton X).
Subsequently, homogenates were centrifuged at 3000g for 5min at 4°C, supernatant were stored
at −80°C until use. Rat TNF-α, IL-6, macrophage-inflammatory protein 2 (MIP-2), and matrix
metalloproteinase 2 (MMP-2) were measured using prefabricated ELISA kits according to
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manufacturer protocol (R&D Systems, Inc. Minneapolis, MN). Plates were read at 450 and
540 nm and cytokine concentrations were calculated using a 4 point standard curve and
expressed as pg/mL.

NO-Measurement
Tissue NO concentrations were measured via the stable oxidization intermediate nitrite using
a prefabricated assay kit based on the Griess reaction (StressXpress, Stressgene, Ann Arbor,
MI). Nitrite concentration was measured via the colored azo-dye product of the Griess reaction
absorbing visible light at 540 nm via spectrophotometry according to manufacturer protocol.
Briefly: 100mg tissue was homogenized in 1mL of HEPES based reaction buffer. After adding
50uL of Griess reagent to supernatants; resulting azo-dye concentration was read against nitrite
standard curve and reaction buffer blanks at 540nm after 10 minutes of reaction time.
Concentrations were expressed as μmol NO2

−/L.

Detection of neutrophil sequestration (Myeloperoxidase (MPO) assay)
100 mg of fresh tissue was homogenized and sonicated (Branson Sonifier 250, Danbury, CT)
on ice in homogenization buffer for membrane disruption and MPO release. Samples were
centrifuged for 15 min. at 16,000 g and 4°C. Samples were analyzed in duplicates after addition
substrate buffer (4.39 mL 1.0M monobasic, 0.615 mL 1.0M dibasic potassium phosphate, 83.3
μL 0.3% H2O2 and 0.834 mL ortho-dianisidine HCL, qs to 50 mL with sterile water). A plate
reader was programmed to read kinetic OD changes every 10 seconds at 465 nm for 90 seconds
total. Data was expressed as OD/mg tissue/minute.

Statistical analysis
All values are expressed as mean ± SEM. Data were analyzed using Student’s t-test and one
way analysis of variance (ANOVA) followed by Bonferroni post-hoc testing (GraphPad
Software, San Diego, CA). Statistical significance was set at a p-value of <0.05.

RESULTS
Burn injury followed by P. aeruginosa inoculation induces p38 MAPK dependent dermal
expression of pro-inflammatory cytokines

Burn animals demonstrated a significant rise of dermal inflammatory cytokines IL-6 and TNF-
α compared to sham animals (Figure 1). Bacterial burn wound inoculation resulted in higher
dermal pro-inflammatory cytokine expression when compared to non-inoculated burn wounds,
demonstrating increased inflammatory response to bacterial inoculation. Dermal IL-6 was
significantly increased in P. aeruginosa inoculated burn animals as compared to non-
inoculated burn animals (Figure 1). A similar trend was seen with dermal TNF-α expression
although it did not reach statistical significance. In contrast, bacterial inoculation of intact skin
in sham animals led to no significant rise in either IL-6 or TNF-α expression when compared
to non-inoculated sham animals.

Topical p38 MAPK inhibition reduced burn wound pro-inflammatory cytokine expression,
with or without bacterial inoculation. In animals receiving P. aeruginosa inoculation, topical
application of SB202190 significantly (p<0.5) inhibited dermal IL-6 (Fig. 1A) and TNF- α
(Fig. 1B) expression, compared to topical vehicle only. In the non-inoculated animals, TNF-
α was markedly reduced, and dermal IL-6 expression was significantly reduced in burn animals
receiving topical inhibitor compared to topical vehicle only.
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Attenuation of inflammatory signaling in infected burn wounds reduces dermal neutrophil
sequestration and expression of neutrophil chemoattractant MIP-2

Burn injury induced a significant MIP-2, a potent neutrophil chemoattractant, expression
(Figure 2A, BR versus sham). In both inoculated and non-inoculated groups, p38 MAPK
inhibition significantly reduced the dermal expression of MIP-2 (Figure 2A, BR versus BR
+SB, * indicates p<0.05).

Burn injury induced a significant neutrophil sequestration, which was further amplified with
subsequent bacterial inoculation (Figure 2B, comparing inoculated versus non-inoculated burn
wounds, # indicates p<0.05). In the inoculated group, topical p38 MAPK inhibition
significantly inhibited dermal wound MPO activity when compared to burn controls receiving
the vehicle only (Figure 2B, BR versus BR+SB, * indicates p<0.05). In non-inoculated group,
there was a lower MPO activity after topical p38 MAPK inhibition, but it did not reach
statistical significance.

Topical p38 MAPK inhibition reduced bacterial colony formation in burn wounds
We next examined the effect of topical p38 MAPK inhibition on bacterial growth after
P.aeruginosa inoculation. Skin samples obtained from inoculated sham animals showed
minimal growth (Figure 3). In contrast, abundant P. aeruginosa growth was seen in the
inoculated burn animals treated with vehicle only (Figure 3, BR versus shame, p<0.05). There
was a significant reduction in colony forming units in plated skin homogenates from burn
animals treated with topical SB202190 versus vehicle only (Figure 3B, BR 1.8x108±1x107

versus BR+SB 3.1x107±1.2x107; p<0.001, ANOVA).

Topical p38 MAPK inhibition reduces burn wound NO production
Nitric oxide production by iNOS has been implicated in host responses to bacterial wound
colonization.23 We, therefore, sought to examine the effect of topical p38 MAPK inhibition
on NO production by measuring local nitrate concentrations using the Griess reaction. There
was an upregulation of nitrite in burn wounds, which was significantly attenuated in response
to application of topical p38 MAPK inhibitor (Fig. 4A) (BR 52±5 vs. BR+SB 31±3; p<0.01).

Burn injury induces p38 MAPK independent dermal MMP-2 expression
Inflammatory activation of matrix metalloproteinases is known to play an integral role in
wound physiology, and there is a subtle balance that exists between necessary bed digestion
for healing and injurious wound breakdown.18 There was a significant upregulation of dermal
MMP-2 expression in inoculated burn animals when compared to sham controls (Figure 4B).
This surge in dermal MMP-2 expression was independent of topical p38 inhibitor treatment.
As such neither vehicle nor topical p38 MAPK inhibitor application reduced dermal MMP-2
expression.

DISCUSSION
Burn injury dramatically alters host immune responses.24, 25 Additionally, thermal injury
results in a burn wound micro milieu rich in degraded proteins, providing for excellent pathogen
growth.10, 26 These conditions are ideally suited for opportunistic pathogens such as P.
aeruginosa which pose considerable clinical problems.3 P. aeruginosa is equipped with
multiple virulence factors such as endo- and exotoxins, proteinases and pili which induce
inflammation, tissue destruction, and provide for pathogen-motility. All of these factors
facilitate wound invasion and challenge treatment once infection and systemic sepsis is
established.27, 28 Given increasing pathogen resistance to antibiotic treatment, alternate
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antimicrobial strategies and prophylactic measures to reduce host receptiveness for bacterial
invasion after burn injury are needed.29, 30

We previously demonstrated that topical p38 MAPK inhibition reduced burn wound
inflammation and hair follicle cell apoptosis.12, 13 Several potentially beneficial aspects can
be derived from this strategy, such as attenuating dermal injury from excessive inflammatory
response and attenuating epithelial tissue loss mediated by proapoptotic p38 MAPK signaling.
Dampening excessive inflammation and epithelial apoptosis may preserve skin appendages -
structures that are required for wound reepithelialization and maintenance of dermal barrier
function- and decrease the ultimate burn wound depth.

It is well known that p38 MAPK is central to the innate immune response. This pathway up-
regulates pro-inflammatory cytokine production via enhanced target gene expression, as well
as posttranscriptional mRNA stabilization, enhancing efficiency of cytokine expression.31–
34 Neutrophil attraction, activation, and degranulation are p38 MAPK dependent processes.
35–37 Additionally, p38 MAPK signaling pathway can inactivate neutrophil apoptosis via
caspase 3 and 8 phosphorylation and thereby extend neutrophil half life.38, 39 Since p38
MAPK plays an important role in the innate immune response, inhibiting this pathway may
weaken the first line in cellular immunity and increase the risk of burn wound bacterial
infection. Therefore, we used a burn wound infection model to study the effect of topical p38
MAPK inhibition on wound response to bacterial challenge. In our rat burn model, we induced
a dermal wound with epidermal necrosis, but the skin appendage-epithelial cells remained
viable with approximately 50% apoptotic rate in 24-hours. Since rats heal by burn wound
contraction and not reepithelialization, this may not be a good model to study wound healing;
however, the model is appropriate for investigating innate immune response to burn wound
infection.

Similar to our previous studies,12, 13 the current data affirms that attenuating dermal p38
MAPK signaling via application of topical inhibitor had pronounced effects on dermal
inflammatory responses. In both inoculated and non-inoculated wounds, there was inhibition
of dermal IL-6, TNF-α, MIP-2 chemokine expression, and neutrophil sequestration.

Bacterial inoculation of burn wounds accentuated dermal inflammation and cytokine
production, suggesting that bacterial inoculation poses an additional inflammatory challenge
exceeding the ordinary burn wound response. Thus, in this model the bacterial inoculation and
growth was not merely colonization but represented an infectious challenge. Some of the
increased host inflammatory response may be due to the bacterial quorum-sensing system. In
many Gram-negative bacteria, such as Pseudomonas aeruginosa, virulence factor production
is linked to the quorum-sensing, a system of bacterial communication that uses diffusible N-
acyl-L-homoserine lactones to co-ordinate gene expression within a population.40 The quorum
sensing molecules are not only active in the communication among bacteria, but also induce
a proinflammatory phenotype in the host innate immune cells, such as macrophages.41 Quorum
sensing was found to be responsible for a surge in the inflammatory cytokine production
following thermal injury and P. aeruginosa infection.8 Recent findings have demonstrated that
quorum sensing molecules directly activate macrophages via a p38 MAPK dependent pathway.
41 Inhibition of this pathway with topical p38 MAPK inhibitor may be another potential
mechanism for attenuation of inflammatory response in our burn-infection model.

Interestingly, topical application of p38 MAPK inhibitor not only attenuated wound
inflammation, as expected, but also significantly reduced wound bacterial growth. This finding
was contrary to our initial hypothesis in favor of increased bacterial growth based on the
elemental role that p38 MAPK plays in recruitment of immunocompetent cells. While we
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currently do not know the mechanism, several explanatory avenues can be discussed based on
our data and on findings of other investigators.

Preservation of skin barrier is the most effective mean of avoiding dermal infection. Our study
demonstrates that burn injury leads to tremendous changes in growth patterns of
P.aeruginosa on skin. While intact skin is resistant to pathogen growth, thermal injury
profoundly disturbs this dermal shield, and there was abundant growth of P.aeruginosa in
burned skin. Secondary tissue destruction due to an excessive inflammatory response may be
an important factor that compromises the physical dermal barrier. In addition, based on our
previous work,12 attenuating p38 MAPK mediated epithelial apoptosis may decrease the
ultimate burn wound depth. Therefore, attenuation p38 MAPK may preserve the dermal barrier
and decrease the risk for wound infection.

It is known that acute and chronic inflammatory activation of protein degrading enzymes such
as the matrix metalloproteinases leads to ongoing wound bed degradation, further destabilizing
the skin barrier and favoring invasion of opportunistic pathogens.18, 42 Although we found a
significant wound expression of MMP-2 – a metalloproteinase heavily involved in
inflammatory matrix degradation - this expression appeared to be p38 MAPK independent.
Matrix metalloproteinase are regulated at transcription and post-translational modification,
pro-MMP to active form. There is data to suggest that in skin inflammatory diseases cytokine-
induced activation of pro-MMP is an important regulatory mechanism.43, 44 We only looked
at the total expression of MMP-2 and not the activation process. Whether p38 MAPK is an
important regulatory mechanism for MMP-2 activation in our model remains to be elucidated.
We also did not look at other matrix metalloproteinase, which may be important.

Recent findings, demonstrating increased bacterial growth in response to high cytokine
concentration, suggest another potential mechanism that may explain our data. In vitro studies
have shown a U-shaped bacterial growth pattern upon exposure to varying concentrations of
inflammatory cytokines IL-6, IL-1β and TNF-α.17, 45 Moderate increases in these cytokines
improved bacterial clearance, but bacterial growth was found to be increased under high
cytokine concentrations. It appears that pathogens such as P. aeruginosa may acquire the
phenotypic ability to use cytokines as growth factors.45 While these in vitro data may not
clearly translate to our in vivo model, it is interesting to note that for P. aeruginosa, IL-6 and
TNF-α concentration conducive for bacterial growth was in the 800–1200 pg range, a
concentration which matches dermal cytokine levels in our infected burn wounds (Figure 1).
Application of topical p38 MAPK inhibitors reduced IL-6 and TNF-α concentration to less
than 600 pg/ml, which may explain the decreased growth of P. aeruginosa in our treatment
group.

In summary, blunting the inflammatory signaling in burn wounds via topical p38 MAPK
inhibition attenuates burn wound growth of the opportunistic pathogen P. aeruginosa. While
we currently do not know the exact pathways responsible for this decreased bacterial growth,
the mechanism is probably a combination of factors already discussed. Topical inhibition of
p38 MAPK may preserve the dermal barrier by attenuating excessive inflammation and/or
directly inhibiting apoptotic signaling in the epithelial cells. Inhibition of inflammatory
signaling may also directly reduce bacterial growth by attenuating cytokine production.
Emerging knowledge that excessive host inflammatory signaling and cytokine expression may
directly increase the virulence factor and the growth of invading pathogens highlights the
importance of immunomodulatory strategies in the early management of burn injuries.
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Fig 1. Attenuating p38 MAPK signaling reduces proinflammatory mediator expression in burn
wounds
Burn wounds were treated with topical vehicle (BR) or topical SB202190 (BR+SB), a specific
p38 inhibitor. After 24 hours, some of the animals were inoculated with 106 CFU P.
aeruginosa (inoculated) and a matched additional group remained non-inoculated. Skin was
harvested 48 hours post burn, for ELISA of IL-6 (A) and TNF-α (B). Burn injury induced a
significant pro-inflammatory cytokine expression compared to sham. Dermal IL-6 expression
was significantly increased in inoculated vs. non inoculated burn animals (Fig. 1A # indicates
p<0.05). Inoculated groups showed significant reduction of both cytokines after topical
SB202190 application (BR vs. BR+SB, * indicates p<0.05, ANOVA), whereas in non
inoculated animals only dermal IL-6 expression was significantly attenuated. Graphs indicate
mean ± SEM, n=12/group.
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Fig 2. Attenuating burn wound p38 MAPK inflammatory signaling significantly reduces dermal
neutrophil sequestration and chemokine expression
Burn wounds were treated with topical vehicle (BR) or topical SB202190 (BR+SB), a specific
p38 inhibitor. After 24 hours, some of the animals were inoculated with 106 CFU P.
aeruginosa (inoculated) and a matched additional group remained non-inoculated. Skin was
harvested 48 hours post burn, for macrophage-inflammatory protein 2 (MIP-2) ELISA (A) and
Myeloperoxidase (MPO) activity assay (B). There was significant reduction in dermal MIP-2
expression (A) in BR+SB versus BR in both inoculated and non-inoculated animals (* indicates
p<0.05). Dermal MPO activity was significantly higher in the P. aeruginosa inoculated burn
group compared to non-inoculated burn controls (Fig. 2A # indicates p<0.05). There was
significant reduction in dermal MPO activity (A) in burn wounds receiving topical p38 MAPK
inhibitor (BR+SB) versus vehicle only (BR) in the inoculated animals (* indicates p<0.05) and
marked reduction for non-inoculated groups. The graphs express mean ± SEM for n=12/group.
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Fig 3. Topical attenuation of burn activated p38 MAPK reduces P. aeruginosa growth on burn
wounds
Male Sprague Dawley rats received burn or sham (SH) treatment, and burn wounds were treated
with topical vehicle (BR) or topical SB202190 (BR+SB). Twenty-four hours post-injury,
animals were inoculated with 106 CFU P. aeruginosa. After additional 24 hours, animals were
euthanized; skin samples were homogenized, plated (A), and CFU were counted (B). There
was only minimal pathogen growth in the SH animals. Animals with burn injury showed a
robust growth of P. aeruginosa, which was significantly reduced in the BR+SB group versus
BR. Graph B demonstrates mean ± SEM (Units: CFU/g tissue, * indicates p<0.01, BR vs. BR
+SB) for n=10/group.
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Fig 4. Topical p38 MAPK inhibition reduces burn induced dermal NO production but has no effect
on burn induced upregulation of dermal MMP-2
Male Sprague Dawley rats received burn or sham (SH) treatment, and burn wounds were treated
with topical vehicle (BR) or topical SB202190 (BR+SB). Twenty-four hours post-injury,
animals were inoculated with 106 CFU P. aeruginosa. After additional 24 hours, skin was
harvested for NO concentration measurement (A) and matrix metalloproteinase 2 (MMP-2)
ELISA (B). There was a significant increase in dermal NO production in burn animals receiving
topical vehicle versus sham (A). Topical application of a p38 MAPK inhibitor significantly
reduced dermal concentration of NO when compared to burn controls receiving vehicle only
(A) (* indicates p<0.01, BR vs. BR+SB). Burn injury resulted in significant upregulation of
dermal MMP-2 expression (B) (* indicates p<0.01, BR vs. SH and BR+SB vs. SH). Topical
treatment with p38 inhibitor had no effect on this burn induced dermal MMP-2 expression (B).
Graphs indicate mean ± SEM for n=8/group.
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