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Abstract

Respiratory failure is a common characteristic of systemic inflammatory response syndrome 

(SIRS) and sepsis. Trauma and severe blood loss cause the release of endogenous molecules 

known as damage-associated molecular patterns (DAMPs). Mitochondrial N-formyl peptides (F-

MITs) are DAMPs that share similarities with bacterial N-formylated peptides, and are potent 

immune system activators. Recently, we observed that hemorrhagic shock-induced increases in 

plasma levels of F-MITs associated with lung damage, and that antagonism of formyl peptide 

receptors (FPR) ameliorated hemorrhagic shock-induced lung injury in rats. Corroborating these 

data, in the present study, it was observed that F-MITs expression is higher in plasma samples 

from trauma patients with SIRS or sepsis when compared to control trauma group. Therefore, to 

better understand the role of F-MITs in the regulation of lung and airway function, we studied 

the hypothesis that F-MITs lead to airway contraction and lung inflammation. We observed that F-

MITs induced concentration-dependent contraction in trachea, bronchi and bronchioles. However, 

pre-treatment with mast cells degranulator or FPR antagonist decreased this response. Finally, 

intratracheal challenge with F-MITs increased neutrophil elastase expression in lung and inducible 

nitric oxide synthase and cell division control protein 42 expression in all airway segments. These 

data suggest that F-MITs could be a putative target to treat respiratory failure in trauma patients.
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1. Introduction

Systemic inflammatory response syndrome (SIRS) is a serious condition associated with 

multiple organ dysfunction and failure. In 1992, the American College of Chest Physicians/

Society of Critical Care Medicine Consensus Conference concluded that the diagnosis of 
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SIRS requires the same criteria as sepsis, minus the presence of infection [1]. Therefore, 

the diagnostic criteria for SIRS include the presence of two or more of the following: 

hypothermia or hyperthermia, tachycardia, tachypnea, and abnormal white blood cell count. 

If unresolved, SIRS may lead to hypotension, vascular leakage, disseminated coagulation, 

organ failure and death [1]. SIRS can be seen following a variety of insults, such as trauma, 

burns or acute myocardial infarction.

A frequent complication of SIRS and sepsis is the development of increased airway 

resistance and lung inflammation [2,3]. For example, Uhlig et al. [3] demonstrated that 

rat lungs exposed to endotoxin present increased airway resistance due to constriction 

of terminal bronchioles [3] Moreover, it has been demonstrated that N-formyl-methionyl-

leucyl-phenylalanine (FMLP), a bacterial chemotactic peptide, induces contraction of human 

airway [4] and lung inflammation in mice [5]. Therefore, during the onset of infection or 

sepsis it is clear that the presence of the pathogen is the primary cause of increased airway 

resistance and lung injury. However, the reason why patients that have sepsis-like symptoms 

or SIRS (sterile condition) also develop airway constriction and lung inflammation is still 

unknown.

It has been proposed that cell components from traumatized tissue are the primary 

instigators of sterile inflammation or SIRS [6–8]. These cell components are called damage-

associated molecular patterns (DAMPs). DAMPs are endogenous molecules released 

from cells or tissues following injury, which activate the innate immune system in a 

similar manner to pathogens [7]. Mitochondrial N-formyl peptides are DAMPs that share 

similarities with bacterial N-formyl peptides. Although these peptides play a crucial role 

in the protein synthesis of bacteria and mitochondria [9], they are not used in cytosolic 

protein synthesis of eukaryotes. Therefore, mitochondrial and bacterial N-formyl peptides 

are recognized by the innate immune system as pathogens and are known to play a role in 

the initiation of inflammation by activating the formyl peptide receptor (FPR) [10,11].

The FPR has been identified as a subfamily of G protein-coupled receptors [10]. It is 

well known that FPR-1 and FPR-2 are expressed at high levels on leukocytes, and that 

they mediate cell chemotaxis [10,12]. More recently, it has been demonstrated that lung 

and tracheobronchial epithelial cells also express FPR and its expression is higher in 

response to scratch injury [13]. Interestingly, we were the first to observe that mitochondrial 

N-formyl peptides (F-MITs) are able to activate FPR in lung and cardiovascular system 

[6,11]. This activation led to sepsis-like symptoms, including cardiovascular collapse and 

lung damage [11]. Based on these data, we hypothesized in the current investigation that 

F-MITs, which are released during traumatic injury, are able to induce airway contraction 

and lung inflammation. Therefore, if this hypothesis is correct, F-MITs may be an important 

instigator of airway dysfunction and respiratory failure observed in trauma-induced SIRS.

2. Methods

2.1. Human plasma analyses

Blood samples from patients (18–44 years old) with moderate to severe trauma as defined 

by the Injury Severity Score Index (score ≥ 15) were collected [14,15]. The patients 
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were divided into three groups: 1) control (trauma patients; no evidence of bacteria in 

blood cultures and no SIRS; 2) SIRS (trauma patients with SIRS but with no evidence of 

bacteria in blood cultures) and 3) sepsis (trauma patients with SIRS and with evidence of 

bacteria in blood cultures) [14,15]. No samples or data were collected from participants 

who had preexisting conditions that would affect the normal function of the immune 

system, including those with cancer, HIV or autoimmune disease. Permission to conduct this 

study was obtained from Augusta University institutional review board. Immunoblotting, 

described in detail below, was performed to confirm the presence of mitochondrial NADH 

dehydrogenase 6 (ND6) in the circulation. This protein has been shown to contain N-

formylmethionine residues and be chemoattractant for neutrophil [12].

2.2. Animals

Twelve-week old male Wistar rats (Harlan) were maintained on a 12:12 h light–dark cycle 

with both standard chow and water ad libitum. All procedures were performed in accordance 

with the Guide for the Care and Use of Laboratory Animals of the National Institutes of 

Health (NIH) and were reviewed and approved by the Institutional Animal Care and Use 

Committee of the Augusta University.

In vivo experiments: Male Wistar rats were anaesthetized with isoflurane 4% and 

intratracheally challenged with an equal volume of mitochondrial formylated peptides 

derived from NADH dehydrogenase 6 (F-MITs; sequence: N-formyl-Met-Met-Tyr-Ala-Leu-

Phe; (0.02 mg/rat) or non-formylated peptide (control; sequence: Met-Met-Tyr-Ala-Leu-Phe; 

0.02 mg/rat). For this, a midline incision was made above the sternum and the trachea was 

exposed. A 28-gauge needle was inserted into the trachea and 0.3 ml of F-MITs or vehicle 

was instilled. After 6 h, the rats were killed and the lungs, trachea, bronchus and bronchiole 

were removed. The treatment did not change lung weight (Control: 1.71 ± 0.10 vs. F-MIT: 

1.60 ± 0.12, p > 0.05). The lung and airways (trachea, bronchus and bronchiole) were 

cleaned and stored at −80 °C for future analyses.

In vitro experiments: Another group of Wistar rats were anaesthetized with isoflurane 

(5%) and killed. Airways (trachea, bronchi and bronchioles) were removed, cleaned of 

surrounding tissue, and mounted in a pin (trachea and bronchi) or wire (bronchioles) 

myograph to assess smooth muscle responsiveness to F-MITs and control.

2.3. Immunofluorescence and immunohistochemistry

After 6 h of intratracheal challenge with F-MITs or non-formylated peptides, the right lungs 

were collected and embedded in tissue medium frozen (OCT, Triangle Biomedical Sciences, 

NC), cut in a cryostat (10 μm section) and fixed. Conventional immunofluorescence was 

used to measure the presence of neutrophil elastase and total FPR protein expression. 

After blocking for 1 h in a solution of 1X phosphate buffered saline (PBS) with 0.01% 

Triton X-100 and 5% horse serum, sections were incubated with primary antibodies, 

rabbit anti-FPR (1:100; Abcam, Cambridge, MA) or rabbit anti-neutrophil elastase (1:100; 

Abcam, Cambridge, MA) for 24 h. Reactions with primary antibodies were followed by 

1 h incubation in the presence of fluorescently labeled secondary antibody (anti-rabbit 

FITC-labeled antibody). Sections were then washed and visualized using a Zeiss LSM 780 
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upright confocal microscope (40X objective; single optical plane = 1 μm thick) (Carl Zeiss 

MicroImaging, Oberkochen, Germany). The presence of neutrophil elastase in lungs were 

confirmed by immunohistochemistry. For this, sections were heated for 5 min at 95 °C in 

Target Retrieval solution (Deko), followed by endogenous peroxidase activity blocking with 

0.3% H2O2, non-specific binding blocking with competing serum and overnight incubation 

with anti-elastase antibody (1:100, Abcam) in a humidified chamber. Then, after incubation 

with biotinylated secondary antibody and Vectastain ABC Elite reagent, sections were 

exposed to diaminobenzidine (DAB)/H2O2 and staining was monitored and timed. Sections 

were then counterstained with hematoxylin, dried and mounted. Photographs were taken 

using an inverted Olympus microscope (20x magnification).

2.4. Preparation of single-cell suspension of lung and analytical flow cytometry

Lungs underwent mechanical disruption by a GentleMacs tissue dissociator (Miltenyi 

Biotec) for 1 min in 2 ml of intracellular fixative (eBioscience). The fixation reaction was 

stopped through the addition of 20 ml of ice-cold flow cytometry wash buffer (FWB)-PBS 

with 2% FCS, 0.1% sodium azide, and 5 mM EDTA. The suspension was subsequently 

sieved through a 40-μm nylon filter and washed again with 20 ml ice-cold FWB. The lung 

cell suspension was centrifuged at 4 °C at 2000 rpm. The cell pellet was resuspended in 1 

ml of FWB and placed on ice [16]. The pellet then was subjected to flow cytometry analysis 

to detect and assess the neutrophil status in the lung tissues. Accordingly, commercially 

available antibodies against neutrophils (neutrophil elastase, LY6G and CD18) were used 

coupled with the use of a FACSCalibur flow cytometer (BD BioSciences, San Diego, CA) as 

described previously [17].

2.5. Airway responsiveness

To evaluate airway contractility, trachea, bronchi and bronchioles from naïve rats were 

removed and cleaned in cold Krebs-Henseleit solution containing (in mmol/l): 118 NaCl, 

4.7 KCl, 25 NaHCO3, 2.5 CaCl2·2H2O, 1.2 KH2PO4, 1.2 MgSO4·7H2O, 0.01 EDTA, and 

11 glucose. The tissues were cut in rings of 2–3 mm and mounted in a pin (trachea 

and bronchi) or wire (bronchiole) myograph. The segments were set to a basal force of 

30 mN for trachea, 5 mN for bronchi and 2 mN for bronchiole. Following 30 min of 

equilibration, the contractility of the tissues was tested by exposure to a high-K+ (120 

mmol/L KCl) solution. Some segments were incubated with FPR-1 antagonist (cyclosporin 

H, 1 μM), FPR-2 antagonist (WRW4, 10 μM) or mast cell degranulating agent (compound 

48/80 25 μg/ml) for 30 min. Subsequently, the segments were contracted with acetylcholine 

(1 μmol/L) and cumulative concentrations–responses curves to F-MITs (1–30 μM) were 

performed. All results are presented as %KCl for contraction.

2.6. Biochemistry assays

Endotoxin detection assay (GenScript, USA) was used to confirm the absence of 

lipopolysaccharides (LPS) in non-formylated and formylated peptides (8 mg/ml; diluted 

in saline and 1% DMSO).
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2.7. Immunoblotting

Proteins were extracted from the trachea, bronchus, bronchiole, lung or plasma. After 

loading (10–30 μg), proteins were separated by SDS-polyacrylamide electrophoresis as 

previously described [11]. PVDF membranes were incubated overnight at 4 °C with a 

primary antibody raised against iNOS (1:500), cell division control protein 42 (CDC42, 

1:1000); NADH dehydrogenase 6 (ND6, 1:1000), neutrophil elastase (1:1000), FPR 

(1:1000), and β-actin (1:40,000).

2.8. Reagents and chemicals

Acetylcholine, protease inhibitor cocktail, C48/80 compound, DMSO and antibodies to 

β-actin and anti-NADH dehydrogenase 6 were purchased from Sigma–Aldrich (USA). 

WRW4 was purchased from Tocris Bioscience (UK). F-MITs, non-formylated peptides 

and endotoxin detection assay were purchased from GenScript (USA). Antibodies to iNOS 

and CDC42 were purchased from BD Biosciences (San Jose, CA). Cyclosporine H, and 

antibodies to FPR and neutrophil elastase were purchased from Abcam (USA). The primary 

antibodies against neutrophils (LY6G and CD18) were purchased from eBioscience.

2.9. Statistics

Results are presented as mean ± standard error of the mean (SEM). The statistical 

procedures used included Student’s unpaired t-test, one-way and two-way analysis of 

variance (ANOVA) and non-linear regression analysis. All analyses were performed using 

data analysis software GraphPad Prism 5.0 (USA). Statistical significance was set at p < 

0.05.

3. Results

3.1. Traumatic injury induces the release of F-MITs and its expression is higher in SIRS 
and sepsis

We previously demonstrated that rats which underwent sterile trauma present circulating 

F-MITs, which was associated with FPR activation in lung [11]. Corroborating these data, 

in the present study we observed that F-MITs are released into the circulation of trauma 

patients (Fig. 1). However, F-MITs expression was higher in plasma samples from trauma 

patients with SIRS and sepsis when compared to control.

3.2. Mitochondrial N-formyl peptides (F-MITs) induce lung neutrophil infiltration

To confirm that F-MIT was free of endotoxin contamination, an endotoxin detection assay 

was used on formylated and non-formylated peptides. Endotoxin was absent in all samples 

evaluated (data not shown). This result confirmed that F-MIT induces its effects in a sterile 

manner and independently of bacterial contamination.

It is known that neutrophils can release elastase and DNA following a danger signal. 

Together, elastase and DNA form a network of extracellular fibers called neutrophil 

extracellular traps, (NETs) to bind pathogens [18]. Here, we observed the presence of 

neutrophil elastase in lung tissue from Wistar rats that were intratracheally challenged 

with F-MITs (0.02 mg/rat) (Fig. 2B and E). To confirm the necessity of the N-formylated 
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terminus for the observed lung and airway inflammation, some animals were instilled 

with a peptide fragment of the same amino acid sequence, but non-formylated (Met-Met-
Tyr-Ala-Leu-Phe). The presence of neutrophil elastase in lungs from animals treated 

with non-formylated peptides (negative control) was not noteworthy (Fig. 2A). Our 

results suggest that formylated peptides, specifically mitochondrial N-formyl peptides, but 

not non-formylated peptides, are necessary to induce the release of neutrophil elastase. 

Also, using flow cytometry, we observed that the expression of neutrophil elastase and 

activated neutrophils are increased in lung tissue from rats treated with F-MIT (Fig. 2E). 

Corroborating the data observed by immunofluorescence, immunohistochemistry and flow 

cytometry (Fig. 2A, B and E), we demonstrated, by Western blot, that F-MITs instillation 

increased neutrophil elastase protein expression in lung, but not in airway segments (Fig. 

2C). Additionally, F-MITs instillation increased iNOS protein expression in all airway 

segments and lung (Fig. 2D).

3.3. Mitochondrial N-formyl peptides induce airway contraction via FPR and mast cells

To evaluate if F-MITs play a role in airway contractile function, a concentration–response 

curve to F-MITs (1–30 μmol/L) was performed in trachea, bronchi and bronchiole. 

Interestingly, F-MITs induced contraction in a concentration-dependent manner (Fig. 

3A). The FPR-2 antagonist (WRW4, 10 μmol/L) (Fig. 3B), but not FPR-1 antagonist 

(cyclosporine H, 1 μmol/L) (Fig. 3C), decreased this response.

In airways, mast cells are located adjacent to nerves, blood vessels and lymphatics. It 

is well known that, when activated, mast cells induce the release of smooth muscle 

contractile factors, including histamine [19,20]. Also, it has been shown that bacterial-N-

formyl peptides activate FPR in mast cells [21]. Therefore, here we questioned if mast 

cells activation could also lead to F-MITs induced-contraction in airway segments. As 

observed in Fig. 3D, prior mast cell degranulation by compound 48/80 (25 μg/ml) decreased 

F-MITs-induced contraction.

3.4. Mitochondrial N-formyl peptides activate cell division control protein 42 (CDC42) in 
airways

Actin cytoskeletal remodeling is an important component of airway smooth muscle 

contraction. Up-regulation of a cytoskeletal recruitment in highly shortened airway smooth 

muscle has been shown to be an important mechanism of reduced airway distensibility [22]. 

CDC42 induces actin polymerization, either by stimulating de novo actin nucleation or by 

stimulating the uncapping or severing of filaments [23]. In Fig. 4, it was observed that 

intratracheal challenge with F-MITs (0.02 mg/rat) increased CDC42 protein expression in all 

airway segments evaluated. However, F-MITs did not activate CDC42 in lung.

4. Discussion

In normal conditions, fragments from mitochondria, including N-formylated peptides of 

mitochondrial origin, are supposed to be absent from plasma, given that mitochondria 

are located inside the cells. Also, this organelle, but not eukaryotic cells, uses N-

formylmethionine to initiate all protein synthesis [9]. We observed that after cell trauma 
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and injury in patients, these peptides are released into the circulation. However, only 

trauma patients that presented higher levels of F-MITs in the plasma demonstrated signs 

of SIRS and sepsis. Therefore, it is possible to infer that higher levels of F-MITs may 

be associated with the genesis and/or maintenance of systemic inflammation and multiple 

organ dysfunction, including respiratory failure, observed in patients with SIRS and sepsis. 

Since the worsening of lung function is correlated with the incidence of SIRS and sepsis 

[1,19] in trauma patients, it is possible that F-MITs may be the molecular factor released 

after cell damage that leads to respiratory failure. Supporting these results, we previously 

observed that rats which underwent hemorrhagic shock presented lung injury and high levels 

of F-MITs into the circulation [11]. However, prior treatment with FPR antagonist decreased 

hemorrhagic shock-induced lung damage [11].

Acute lung injury is present in sepsis and SIRS and is associated with increased pulmonary 

levels of proinflammatory cytokines and neutrophil extravasation into the alveolar space 

[19,24]. Hauser et al. [25] observed that fragmented mitochondria induced pulmonary 

inflammation via neutrophil activation. Accordingly, we recently demonstrated that F-MITs 

was able to cause edema, neutrophil infiltration and alveolar septal thickening associated 

with increased myeloperoxidase activity [11]. Further, hemorrhagic shock caused lung 

damage via FPR and MAPK activation [11]. In the present study, we observed the presence 

of neutrophil elastase in lungs from Wistar rats that were intratracheally challenged with 

F-MITs. Conventionally, it is known that the function of neutrophil elastase is the killing 

and degradation of pathogens and dangerous molecules ‘captured’ by neutrophils, whereas 

the main target for extracellular elastase is elastin [25]. However, it has been shown that 

neutrophils, upon activation, release elastase and DNA to form an extracellular fibril matrix 

known as neutrophil extracellular traps (NETs) to immobilize and kill pathogens [18]. 

Several studies demonstrated that neutrophil elastase is increased in clinical and animal 

models of acute lung injury and instillation or systemic application of neutrophil elastase 

induces respiratory failure [26]. In line with these studies, we have observed that F-MITs 

induced neutrophils activation and elastase release in lung, likely via FPR activation, 

since non-formylated peptide (control) did not reproduce this result. Additionally, it was 

observed that F-MITs instillation induced an increase of iNOS protein expression in lung. 

iNOS is extensively distributed in different tissues including airways and lung and this 

isoform is induced by different molecules associated with inflammation, infection and 

injury, e.g. cytokines and microbial products. In addition, iNOS is involved in several 

diseases, including pulmonary hypertension and asthma [27]. Interestingly, it has been 

shown that lung inflammation after allergen challenge in mice is partially dependent on 

NO produced mainly by iNOS [27]. Also, iNOS activation increases lung chemokine 

expression to facilitate the influx of inflammatory cells into the airways [27]. In the 

present study, although we observed an increase in iNOS expression in airways and lung, 

its expression was coupled with neutrophil infiltration and activation in lung tissue. This 

result corroborates our previous work [11], where rats which underwent hemorrhagic shock 

presented with increased iNOS protein expression in lung via FPR activation.

The FPR family has been most extensively investigated in the context of leukocyte 

recruitment and activation, where FPR promotes cell motility and mediates host defense 

[10,12]. It is known that the bacterial N-formyl peptides are a potent chemoattractant [10,12] 
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with a high-affinity binding site for FPR. In an interesting study, Cardini et al. [28], reported 

that genetic ablation of the FPR1 gene (Fpr1) confers protection from smoking-induced lung 

emphysema in mice. Further, they observed that Fpr1 knockout mice displayed marked 

decreases in the lung migration of neutrophils and macrophages after cigarette smoke 

exposure [28]. Since FPR is expressed in airway segments [29] and its activation promotes 

cell motility, we questioned if F-MITs can bind to FPR and change airway contractility. 

We observed that F-MITs are able to induce contraction in a concentration-dependent 

manner in trachea, bronchi and bronchioles via FPR-2 activation in naive rats. Presently, the 

mechanism underlying selective activation of FPR2 by F-MITs in airway smooth muscle is 

unclear, however future studies will be performed to clarify this question. We also do not 

know how FPR-2 activation leads to contraction in airway segments. We can infer that FPR 

activation may induce actin polymerization leading to a slow contraction. This inference is 

based on our data showing that F-MITs instillation increased CDC42 protein expression in 

all airway segments evaluated. CDC42 is a member of Rho GTPase family, which regulates 

F-actin reorganization and induces actin polymerization, either by stimulating de novo actin 

nucleation or by stimulating the uncapping or severing of filaments [23]. Additionally, it 

is known that actin cytoskeletal remodeling is an important mechanism of airway smooth 

muscle contraction [30], therefore, in the present study we suggest that F-MITs bind FPR 

in airway segments leading to CDC42 activation and contraction. Supporting these data, it 

has been shown that FPR activation using bacterial N-formyl peptides significantly enhances 

epithelial cell restitution and migration via CDC42 [30]. Inhibition of Rac1 and CDC42 

using pharmacological inhibitors and dominant negative mutants also inhibited the bacterial 

N-formyl peptides-induced increase in cell migration [30].

Stimulation of FPR by bacterial N-formyl peptides induces basophil and mast cells release 

of immunogenic compounds such as histamine [21,31]. Furthermore, we demonstrated 

that histamine plays a role in F-MITs-induced sepsis-like symptoms since cimetidine, a 

histamine H2-receptor antagonist, completely abolished cardiovascular collapse induced by 

F-MITs infusion [11]. It is well known that histamine causes the contraction of airway 

smooth muscle [20]. Further, in response to allergens, the release of histamine by mast 

cells induces a severe airway obstruction and, in some cases, can lead to anaphylaxis. 

Here, we observed that mast cell degranulation, using compound 48/80, also decreased 

F-MITs-induced contraction, probably through blocking histamine release.

Collectively, our findings provide a new and different way of considering the role of F-MITs 

in lung injury and airway contraction following trauma. As such, this pathway could be 

considered a putative target for the treatment of respiratory failure and sterile inflammation 

(Fig. 5).
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Fig. 1. 
Representative blots and densitometric analyses from protein expression for mitochondrial 

NADH dehydrogenase 6 (ND6) (F-MITs) in plasma from trauma patients. Control (no 

evidence of bacteria in blood cultures and no signs of SIRS); SIRS (no evidence of bacteria 

in blood cultures) and SEPSIS (evidence of bacteria in blood cultures). Mean ± SEM, n = 

3–5. One-way ANOVA *vs. control, p < 0.05.
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Fig. 2. 
Immunofluorescence: (A) top image represents neutrophil elastase (confocal microscopy 

40 X) in lung from Wistar rats that were intratracheally challenged with an equal 

volume of F-MITs (0.02 mg/rat) or non-formylated peptide control (vehicle, VEH) (B). 

Immunohistochemistry (optical microscopy 10 X) confirms the presence of neutrophil 

elastase in lung. (C) and (D) demonstrate representative blots and densitometric analyses 

from protein expression for neutrophil elastase and iNOS of lungs, trachea, bronchus 

and bronchiole from animals that were intratracheally challenged with F-MITs or VEH. 
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(E) single and double-staining for neutrophils in lung tissue using flow cytometry. Cells 

positively stained with LY6G and neutrophil elastase were considered neutrophils, and 

LY6G and CD18 were considered activated neutrophil. Mean ± SEM, n = 3–5. T-test *vs. 

vehicle (VEH), p < 0.05.
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Fig. 3. 
Typical trace for concentration–response curve to F-MITs (1–30 μM) in trachea, bronchus 

and bronchiole from naive Wistar rats (A). The rings were previously precontracted with 

acetylcholine (1 μM). Graphs represent concentration–response curve to F-MITs (1–30 μM) 

in the absence or presence of WRW4 (FPR-2 antagonist) (B), cyclosporin H (CsH, FPR-1 

antagonist) (C) and C48/80 compound (mast cell degranulator) (D). Mean ± SEM, n = 4–8. 

Two-way ANOVA: *vs. F-MITs, p < 0.05.
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Fig. 4. 
Representative blots and densitometric analyses from protein expression for CDC42 

of lungs, trachea, bronchus and bronchiole from Wistar rats that were intratracheally 

challenged with an equal volume of F-MITs (0.02 mg/rat) or non-formylated peptide (VEH). 

Mean ± SEM, n = 4–5. t-test *vs. vehicle (VEH), p < 0.05.
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Fig. 5. 
Scheme shows that trauma induces the release of mitochondrial N-formyl peptides leading 

to formyl peptide receptor (FPR) activation, airway contractility and lung injury.
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