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Abstract

The recently developed murine model of smoke inhalation and burn (SB) injury was used to study
the effect of the substance-P antagonist CP96345. C57BL/6 mice were pretreated with an i.v. dose
of a specific NK-1 receptor antagonist, CP9635, or its inactive enantiomer, CP96344, (10 mg/Kg) 1
hr prior to SB injury per protocol (n = 5). Mice were anesthetized and exposed to cooled cotton
smoke, 2X 30 sec, followed by a 40% total body surface area flame burn per protocol. At 48 hr after
SB injury Evans Blue (EB) dye and myeloperoxidase (MPO) were measured in lung after vascular
perfusion. Lungs were also analyzed for hemoglobin (Hb) and wet/dry weight ratio.

In the current study, CP96345 pretreatment caused a significant decrease in wet/dry weight ratio
(23%, *p = 0.048), EB (31%, *p = 0.047), Hb (46%, *p = 0.002) and MPO (54%, *p = 0.037) levels
following SB injury compared to animals with SB injury alone. CP-96344 pretreatment caused an
insignificant decrease in wet/dry weight ratio (14%, p=0.18), EB (16%, p = 0.134), Hb (9%, p = 0.39)
and an insignificant increase in MPO (4%, p =0.79) as compared to mice that received SB injury
alone. As expected, levels of EB, Hb, MPO, and wet/dry weight ratios were all significantly (p <
0.05) increased 48 hr following SB injury alone compared to respective sham animals. In conclusion,
the current study indicates that pretreatment with specific NK-1R antagonist CP-96345 attenuates
the lung injury and inflammation induced by SB injury in mice.
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INTRODUCTION

Severe injury due to burns is common worldwide. The morbidity and mortality increase when
burn injury is associated with smoke inhalation (Shirani et al. 1987). Deposition of numerous
toxic products of combustion often complicates burn injury leading to acute injury to the

airways and lungs (Traber and Herndon 1990). It has been reported that the smoke produced
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by burning cotton, wood, and plastic materials contains multiple potentially injurious
components including carbon monoxide, HCI, acrolein, and aliphatic aldehydes (Prien adn
Traber 1988; Alarie et al. 1983; Alarie 1985; Barrow 1990, Dost 1991). Previous studies have
morphologically characterized smoke inhalation injury in humans (Cox et al. 2008, LaLonde
et al. 1996, Linares 1981).

Recent investigations in the ovine model have begun to clarify the separate roles of vascular
leakage in the bronchial and pulmonary circulations, nitric oxide, and airway obstruction to
excessive shunt flow and progressive pulmonary function (Cox et al. 2003, Enkhbaatar and
Traber 2004, Enkhbaatar et al. 2006). Despite this productive research, the pathogenetic
sequences involved in the toxic and inflammatory reactions in the airways and the factors that
trigger the acute inflammatory response to toxic smoke are not well understood. In the sheep
model of combined smoke and burn injury, a striking increase in tracheal and bronchial blood
flow occurs almost immediately after smoke inhalation injury. Neutrophils generally are not
seen in respiratory bronchioles and the lung parenchyma until approximately 48 hr after injury
(Sakurai et al. 1998). Intense acute inflammation is seen in the proximal trachea 3—4 hr after
SB injury, and then progressively in the smaller peripheral airways over the course of 48 hr
(Cox et al. 2003). The ability to study mice with specific and/or conditional genetic deletions
or additions would make possible substantial contributions to this ongoing research if arelevant
murine model were available. Therefore, as a part of our overall goal of studying the
mechanisms responsible for ALI, we compared quantitative measures of acute inflammation
in the lungs of C57BL/6 mice. Previous studies have indicated the involvement of tachykinins
in inflammatory conditions (Lau and Bhatia, 2006). Primary tachykinins such as substance P
(SP), neurokinin A and neurokinin B show high binding affinity for neurokinin-1 receptor
(NK1R) (Harrison and Geppetti, 2001). In the airways, these peptides induce a variety of
biological effects including smooth muscle constriction (Shore and Drazen, 1991), increased
vascular permeability (Lundberg et al. 1984), facilitation of cholinergic transmission (Tanaka
and Grunstein 1984), and mucus secretion (Kuo et al. 1990). Release of neuropeptides from
peripheral nerve endings of sensory neurons has been characterized as the major cause of
airway neurogenic inflammation, and includes plasma protein extravasation, airway smooth
muscle contraction, and elevated mucus secretion (Nadel 1991). In vivo the concentration of
released neuropeptides depends on both release and degradation, and the principal degradative
enzyme is neutral endopeptidase (NEP) which is abundantly expressed in epithelial cells of
the lung (Johnson et al. 1985, Roques et al. 1993).

Previous studies from this laboratory have demonstrated increased vascular permeability in a
mouse model of combined smoke inhalation and burn (SB) injury (Jacob et al. 2008). There
was a significant (p < 0.05) increase in lung Evans Blue, MPO content, and wet/dry weight
ratio at 24 h and 48 hr after SB injury in Balb/C and C57BL/6 mice, indicating increased plasma
extravasation and edema.

More recently we have used a different approach, the inhibition of neutral endopeptidase (NEP)
that is known to alter the physiological and pharmacological effects of tachykinins in vitro
(Stimler-Gerard, 1987, Martins et al. 1990) and in vivo (Dusser et al. 1988, Borson et al.
1989). Our studies indicated that pretreatment with the specific NEP inhibitor CGS 24592
caused a substantial increase in plasma extravasation in mice with SB injury as compared to
SB injury alone (Jacob et al. 2009). To further identify the specific neuropeptide involved in
this phenomenon, in the current study we have used the specific nonpeptide antagonist for the
NK-1 receptor CP-96345. Because neurogenic inflammation can result from the action of
substance P on NK1 receptors, it is of interest to study the effects of selective blockade of NK1
receptors to further clarify the mechanism of SB induced ALI. The objective of the current
report is to study the effects of the highly selective NK-1A receptor antagonist CP 96345
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(Snider et al. 1990, Lowe et al. 1993, Sio et al. 2008) in neurogenic inflammation in a mouse
model of SB injury.

MATERIALS AND METHODS

Animal Preparation and Treatment

Male C57BL/6 mice weighing 19-21 g (5-6 weeks old) were obtained from Charles River
Laboratories (Wilmington, MA). Mice were acclimatized to the animal facility for at least one
week before the experiments were started. All procedures have been reviewed and approved
by the Animal Care and Use Committee of the University of Texas Medical Branch specifically
for use in these research studies.

Tracheal intubation and cotton smoke exposure

Burn Injury

Briefly, mice were anesthetized with i.p. injection of ketamine (50 mg/kg), and xylazine (10
mg/kg). Once adequately anesthetized, mice were suspended by their upper incisors on a
custom made intubation stand that allows direct visualization of the mouse glottis. A 20 gauge
plastic cannula with a Y-shaped adaptor was constructed from readily available parts and
inserted into the trachea using a specially constructed laryngoscope made from an aluminum
“mag light” (Mag Instrument Inc., Ontario, CA) flashlight fitted with a fiber optic illuminator,
under direct vision using a head-mounted jeweler’s magnifier.

A custom-made miniature smoke generator was arranged so that smoldering cotton toweling
could be kept burning by a regulated flow of air. Smoke emerging from a cooling coil was
delivered through plastic tubing to a Y-connector attached to the endotracheal tube at near
atmospheric pressure. A pressurized air source was attached to the smoke generation chamber
to control the flow and density of smoke delivered to the Y-tube. Mice were allowed to breathe
normally during smoke exposure. Mice were exposed to two 30-sec intervals of smoke
inhalation, breathing room air between exposures, followed by 48 hours of recovery.

After smoke exposure, the back and bilateral flanks of each mouse were shaved, and 0.9 ml of
normal saline was injected subcutaneously along the vertebral column. This subcutaneous
liquid prevents thermal injury to internal organs such as the spinal cord and liver (Stephenson
1975). A Zetex cloth with a square window was placed over each mouse during the burning
procedure to confine the burn area. Each mouse received a brief (less than10 second) exposure
to a Bunsen burner flame, applied just long enough to induce retraction of the skin. This method
allows for administration of a 40% total body surface area full thickness burn.

Mice were resuscitated with normal saline (4 ml/kg/% TBSA burn, i.p.). The endotracheal tube
was removed as the mice recovered. Animals were given a daily dose of buprenorphene (0.1
mg/kg, i.p.) starting immediately after the injury for analgesia. At the end of the experimental
time period, mice were killed by isoflurane overdose followed by cervical dislocation.
Histologic study demonstrated full thickness dermal injury and showed no signs of necrosis
or other recognizable changes in the portion of the liver under the site of injury. Sham control
animals were anesthetized and intubated in the same manner as experimental animals but were
allowed to breathe room air rather than given smoke exposure. They were also shaved and
injected along their spines with saline but not burned. The sham control mice received the same
volume of saline resuscitation and the same routine analgesia as the animals injured by burn
and smoke inhalation.
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Preparation and Administration of Drug

The animals were injected intravenously 1 hr prior to SB injury and then every 12 hours over
the 48 hr period with the nonpeptide selective NK-1 receptor antagonist, CP-96345 (10 mg/
kg), (2S,3S) - cis-2- (diphenylmethyl) -N- [ (2-methoxyphenyl ) -methyl ] -1-azabicyclo-
[2.2.2] octan-3-amine (Pfizer, Inc., New York, NY). Control animals received the inactive
stereoisomer CP-96344 using the same dosing regimen. The drug was dissolved in lactated
Ringer solution filtered through a 0.22-um filter (Millipore), and stored at —70°C. Sham
animals received an equal volume of lactated Ringer solution used for preparation of antagonist.

Tissue sampling

Mice were deeply anesthetized at 48 hr after SB injury, the chest of each mouse was opened,
and a median sternotomy was performed. After excising the lung in one block the left and right
lungs were separated. Both lungs were immediately flash-frozen in liquid nitrogen for
determination of wet/dry weight ratio.

Evans Blue Extravasation

Thirty min. prior to the termination of the experiment mice were injected i.v. with 20 mg/kg
Evans Blue (EB) via the tail vein and vascular leakage was assessed (Wang et al. 2002). The
lungs were excised en bloc and dried on filter paper immediately after perfusion of the lungs
with PBS as described previously (Jacob et al. 2008). After weighing, the lung tissue was snap
frozen in liquid nitrogen and stored at —80°C. Lung tissue was manually homogenized using
a bead beater (Biospec Products, Bartlesville, OK) and incubated with double the volume of
formamide (Fisher Scientific, Fair Lawn, NJ) for 18 hr at 60°C. After centrifugation at 5,000
g for 30 min, the supernatant was collected. The optical density of the supernatant was
determined spectrophotometrically at a wavelength of 620 nm. Levels of EB in samples were
quantitated using a standard curve prepared with known amounts of EB, and the data are
expressed as nanograms EB/mg lung.

Wet-to-Dry-Weight Ratio

After removing the lung tissue, samples were placed in pre-weighed glass vials, then dried for
48 hr in an oven at 65°C and reweighed, using a balance capable of indicating the weight to
the nearest 0.1 mg, to determine the ratio of wet to dry weight, a measure of total tissue water
content (Zhao et al. 2006).

Determination of Hemoglobin

Lung tissues were homogenized in TBS-T buffer and supernatant was collected as described
above. To each 100 pl supernatant, 900 ul Drabkin’s reagent (Sigma, St. Louis, MO) was
added, and the samples were incubated at room temperature for 15 min. Cyanmethemoglobin,
the product of the reaction, was measured by its absorption at 550 nm using a Beckman DU-650
spectrophotometer. Hemoglobin levels were quantitated using a standard curve with known
quantities of bovine erythrocyte hemoglobin (Sigma, St. Louis, MO).

Determination of Myeloperoxidase

Polymorphonuclear neutrophil (PMN) sequestration as indicated by myeloperoxidase (MPQ)
activity was measured in lung tissue homogenates using an MPO-EIA kit (Oxis Inc, Portland,
OR), following the manufacturers protocol. Briefly, lungs were perfused with PBS as described
earlier and homogenized in TBS-T buffer using a bead beater and centrifuged at 13,0009 for
20 min. The protein content of the supernatant was assessed using the Bradford assay (Bradford
1976). To assess MPO, 100 pl of the supernatant was added to the micro wells in triplicate and
incubated for 1 hr at room temperature. Plates were washed with buffer and diluted anti-MPO
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was added to each well. After 30 min incubation, plates were washed and avidin alkaline
phosphatase was added followed by p-nitrophenol phosphate (pNPP) solution. The reaction
was allowed to develop a pale yellow color for 30 min and was then terminated by adding 50
ul stop solution, and absorbance was immediately read at 405 nm using a TECAN-GENios
microplate reader (Durham, NC). Myeloperoxidase activity was quantitated using a standard
curve with known amounts of MPO, taking care that samples were compared to the linear
portion of the standard curve.

Statistical Analysis

RESULTS

Values are shown as the mean * SE of at least 5 determinations (n = 5). Statistical significance
of the results was conducted by one-way analysis of variance followed by Dunnette’s post hoc
test. The level of significance in all experiments was defined as p < 0.05.

Plasma Leakage

Edema

Evans Blue (EB) levels were quantitated in SB injured mice pretreated with specific NK-1R
antagonist CP-96345 and compared to those with SB injury alone. The data indicate a
statistically significant decrease (31%, *p = 0.047) in levels of EB in CP-96345 pretreated and
SB injured mice as compared to untreated animals with SB injury at 48 hr after injury (Fig. 1).
Pretreatment with the inactive stereoisomer CP-96344 showed only a minimal decrease in EB
dye content (16%, *p=0.1344). When compared to sham animals, the groups injured and
pretreated with both the active antagonist and its inactive isomer showed significantly higher
levels of EB (110%, *p=0.011, and 78%, *p=0.049) respectively.

Wet/dry weight ratios were calculated as described earlier. In groups of mice with SB injury
wet/dry weight ratios were significantly elevated (47%, *p=0.018) as compared to sham
animals. However, there was a statistically significant decrease (23%, *p = 0.048) in mice
pretreated with CP-96345 followed by SB injury as compared to corresponding SB control
animals (Fig. 2). Even though there was a slight (14%) decrease in wet/dry weight ratios
between mice with SB injury alone vs. those that received CP-96344 prior to SB injury, these
changes were found to be insignificant (p=0.354). There was a significant increase (19.4%
*p=0.043) in the wet-dry weight ratios of those treated with the inactive isomer CP-96344
compared to the sham group and an insignificant increase (13%) compared to sham animals.

Levels of Hemoglobin in mouse lung

Hemoglobin content in the lung was measured using Drabkin’s reagent as described before.
There was a significant increase (68%, *p = 0.037) in hemoglobin levels 48 hr following SB
injury as compared to sham (Fig. 3). However, the hemoglobin levels in mice pretreated with
specific NK-1 antagonist CP-96345 were significantly lower (46%, *p=0.0019) as compared
to those who received SB injury alone (Fig. 3). The slight decrease in lung levels of hemoglobin
observed in mice pretreated with NK-1 stereo isomer CP-96344 following SB injury could not
be shown to be of statistical significance (9%, p = 0.39). There were significantly higher levels
of hemoglobin (34%, *p = 0.005) in mice treated with CP-96344 as compared to those that
received specific NK-1 antagonist CP-96345. When compared to sham animals, the groups
pretreated with both the active antagonist and its inactive isomer showed higher levels (14%,
p = 0.35 and 54%, *p = 0.0031) of Hb respectively.
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Myeloperoxidase Activity

Levels of myeloperoxidase (MPO) were determined using a sandwich ELISA kit as described,
following thorough perfusion of the pulmonary arterial system with normal saline. This assay
includes neutrophils that are firmly adherent to pulmonary endothelium as well as those that
have extravasated from vessels. As expected there was a significant increase (227%, *p =
0.005) in myeloperoxidase content 48 hr following SB injury as compared to sham (Fig. 3).
However, in mice pretreated with specific NK-1 antagonist CP-96345 followed by SB injury
there was a significant decrease (54%, *p = 0.037) in MPO levels as compared to untreated
mice with SB injury alone (Fig. 4). Pretreatment with inactive isomer CP-96344 before SB
injury caused a slight insignificant increase (4%, p= 0.79) in MPO activity as compared to
injured but untreated mice. There were significantly higher levels of myeloperoxidase activity
(61%, p = 0.05) in mice treated with CP-96344 as compared to those that received specific
NK-1 antagonist CP-96345.

DISCUSSION

Following burn trauma, toxic smoke inhalation has been recognized as a major cause of
mortality (Crapo 1981). Previous reports from this and other laboratories have indicated that
toxic smoke causes progressive injury to the airways, followed by injury to lung parenchyma
(Barrow et al. 1990; Traber and Herndon 1991; Bidani et al. 1999; Dost 1991). Even though
rapid release of chemical mediators in the airways has been suggested as a mechanism for
injury, there is limited understanding of the underlying processes

Chemical irritants that activate unmyelinated sensory nerves cause plasma leakage in the skin,
respiratory tract, and other organs by triggering the release of substances from sensory nerve
fibers (Lundberg 1984, De Swert and Joos, 2006). Substance P, which is synthesized and
released by some sensory neurons, appears to be a major mediator, although other tachykinins,
calcitonin gene-related peptide, and perhaps other peptides may also participate.

Neurogenic inflammation is regarded as a first line of defenseand protects tissues when noxious
conditions threaten normal body functions. However, severe or prolongednoxious stimulation
may result in the inflammatory responsemediating injury rather than facilitating repair (Day
et al. 2005). Proinflammatory effects of NEP antagonists including the specific NEP inhibitor
CGS 24592 have been studied (Pham et al. 2000, Nicolau et al. 2003, Damas et al. 1996). These
agents caused increased plasma extravasation and vascular permeability in various animal
models. Recent studies from this laboratory have indicated that the inhibition of neutral
endopeptidase (NEP) using specific NEP inhibitor, CGS 24592, exacerbated smoke and burn
(SB) injury leading to more plasma extravasation and more severe airway inflammation (Jacob
et al. 2009).

Because neurogenic inflammation can result from the action of substance P on NK1 receptors,
it is of interest to study the effect of blockage of selective NK1 receptor using specific NK-1
antagonist CP-96345 would decrease the injury. The NK1 receptors involved in plasma leakage
are located on the endothelial cells of post capillary venules and collecting venules. Within
seconds of the activation of NK1 receptors by substance P, gaps form in the endothelium of
target vessels (Wong et al. 2003 and 2004). The endothelial gaps are transient, and the leak
normally ends in a few minutes (McDonald et al. 1996).

The current study indicates that pretreatment with CP-96345 caused a significant decrease (p
< 0.05) in plasma extravasation and wet/dry weight ratios 48 h after SB injury as compared to
animals with SB injury alone(Figs. 1 &4). Sham animals showed an insignificant increase

(32%, p = 0.137) in wet/dry weight ratio as compared to untouched control animals (data not
shown). It should be emphasized that the method used in these studies to measure lung MPO
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content and extravasation of EB dye involves extensive vascular perfusion of the lungs with
an excess of buffered saline, removing essentially all unattached intravascular red blood cells.
Thus the neutrophils detected by the myeloperoxidase assay must be those that were adherent
to vascular endothelium at the time of perfusion, as well as those that have emigrated from
blood vessels into the interstitium, the airways, or the alveoli. Similar findings regarding the
role of substance P and other tachykinins have been reported previously by Wong et al in rat
models of smoke inhalation injury, and by Sio et al in a murine model of burn injury alone
(Wong et al. 2003,2004,Sio 2008).

The results of the study can be explained based on the proposed pathway summarized in Fig.
5. There are numerous toxic compounds in the smoke produced by burning wood, textiles and
upholstery.(Prien and Traber 1988;Alarie et al 1983;Alarie 1985). Several of these are potent
respiratory irritants, and include numerous free radicals.(Vinggaard et al. 1989;Pryor 1992)
The pathogenesis of the response to deposition of these toxins in the airways and lungs remains
under investigation and is complex and incompletely understood.(Demling, 2008) Irritation of
sensory nerves in the airways leads to release of substance P and other neurokinins and the
calcitonin gene-related peptide CGRP, which is a potent vasodilator, likely both due to direct
stimulation of nerve endings and also as a consequence of depolarization of the cell bodies
giving rise to the sensory (afferent) nerves. Airway irritation gives rise to a variety of reflex
reactions that tend to be pro-inflammatory. Other reactions to toxins and oxidants in smoke
may stimulate inflammation independently of neuropeptide release, including oxidative
signaling, transient receptor potential cation channel, subfamily V1 (TRPV1) receptor
activation, calcium signaling, activation, and upregulation of nitric oxide synthase and
expression of cytokines and chemokines by airway tissues, and secretion of mucus. Host
defense mechanisms that normally serve to clear foreign material and degrade toxins and
peptides become dysregulated.(Traber et al. 2000; Enkhbaatar and Traber 2004) Activation of
the NK-1 receptor by substance P and other neurokinins stimulates vascular leakage in both
bronchial and pulmonary circulations, and activation of mast cells releases histamine and TNF-
alpha and other cytokines.(Lundberg 1984) The resulting inflammation gives rise to local
plasma extravasation and edema. Several mechanisms may amplify the pro-inflammatory
actions of toxic smoke, including further release of neuropeptides, activation of nuclear factor
kappa-B and poly-adenosly-ribose polymerase, new or increased expression of vascular
adhesion molecules, tissue expression of cytokines and chemokines, and activation of platelets
by the shear stress resulting from increased microvascular blood flow. By mechanisms that
remain to be clarified, the intense acute inflammatory reaction induced in the airways within
hours of inhalation injury leads to delayed injury to the lung parenchyma, which in turn leads
to protein-rich pulmonary edema, the appearance of myofibroblasts, and pulmonary fibrosis if
the host survives the initial reaction to smoke.

The current study serves to clarify one aspect of this pathogenetic sequence by showing that
activation of the NK1 receptor increases plasma leakage and pulmonary edema in a murine
model of combined burn and smoke inhalation injury.
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Fig. 1. Effect of NK-1 antagonist pretreatment on plasma extravasation

A significant decrease (31%, *p = 0.047) in EB levels was observed in NK-1 antagonist
pretreated mice (checked Bar) 48 hr following SB injury compared to animals with SB injury
alone (black filled bar). EB levels were significantly (*p =0.0356) increased 48 hr following
SB injury alone (black filled bar) compared to respective sham animals (open bar). The group
treated with CP-96345 (speckled bar) had a statistically insignificant increase (16%, *p =
0.134) in EB level as compared to respective sham animals. EB levels were quantitated from
an authentic standard curve with known concentrations of EB. Values are means +SE of at
least 5 mice/group.
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Fig. 2. Effect of NK-1 antagonist pretreatment on edema

A significant decrease (23%, *p = 0.048) in wet/dry weight ratios was indicated in NK-1
antagonist CP-96345 pretreated mice (checked Bar) 48 hr following SB injury compared to
animals with SB injury alone. (black filled bar). Wet/dry weight ratios were significantly
increased (47%, *p = 0.018) 48 hr following SB injury alone (black filled bar) compared to
respective sham animals (open bar). Pretreatment with NK-1 inactive enantiomer CP-96344
followed by SB injury (speckled bar) caused a statistically insignificant decrease (14%,
*p=0.354) in wet/dry weight ratios compared to mice that received SB injury alone (black filled
bar). Values are means +SE of at least 6 mice/group.
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Fig. 3. Effect of NK-1 antagonist pretreatment on Hemoglobin (Hb)

Significantly decreased Hb levels (46%, *p = 0.002) were seen in NK-1R antagonist pretreated
mice after SB injury (checked bar). Increased Hb levels (68%, *p=0.037) were observed in SB
injury alone (black filled bar) compared to sham (open bar). There was a low level insignificant
decrease (9%, *p=0.39) in CP-96344 pretreated mice (specked bar) compared to the SB injury
alone group (black filled bar). Values are means £SE of at least 6 mice/group.
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Fig. 4. Effect of NK-1 antagonist pretreatment on neutrophil infiltration and inflammation
Significantly decreased MPO levels (54%, * p = 0.037) were found in NK-1 antagonist
pretreated mice (checked bar) following SB injury compared to animals with SB injury alone
(black filled). Significantly increased MPO levels were indicated (227%, *p =0.005) 48 hr
following SB injury alone (black filled bar) compared to respective sham animals (open bars).
Pretreatment with inactive isomer CP-96344 followed by SB injury (speckled bar) led to a
slight insignificant increase (4%, p=0.79) compared to animals pretreated with CP-96345
followed by SB injury (black filled bar). MPO levels were quantitated from an authentic
standard curve with known amounts of MPO. Values are means £SE of at least 5 mice/group.
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Fig. 5. Proposed pathway depicting the role of NK-1 antagonist in lung injury following SB injury
in mice

Neurogenic inflammation induced by SB induced noxious stimuli is caused in part by release
of neuropeptides from nociceptor nerves, and so treatment with an NK-1 receptor antagonist
will reduce plasma leakage, edema, and neutrophil infiltration.
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