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Abstract

Background—Acute lung injury (ALI) is a complication of hemorrhagic shock (HS). Histone 

deacetylase inhibitors (HDACI) such as valproic acid (VPA) can improve survival following HS, 

however, their effects on late organ injury are unknown. Here, we have investigated the effects of 

HS and VPA treatment on ALI as well as circulating cytokines that may serve as biomarkers for 

the development of organ injury.

Materials and Methods—Anesthetized Wistar-Kyoto rats (250-300g) underwent 40% blood 

volume hemorrhage over 10 minutes followed by 30 minutes of un-resuscitated shock and were 

treated with 1) VPA 300mg/kg or 2) vehicle control. Blood samples were obtained at baseline, 

following shock, and prior to sacrifice (1h, 4h, and 20h; n=3-4/timepoint/group). Serum samples 

were screened for possible biomarkers using a multiplex electrochemiluminescence detection 

assay, and results were confirmed using ELISA. Additionally, lung tissue lysate was examined for 

chemokine and myeloperoxidase (MPO) levels as a marker for neutrophil infiltration and ALI. 

Additionally, lung CINC-1 (a chemokine belonging to the IL-8 family that promotes neutrophil 

chemotaxis) mRNA levels were measured by real-time PCR.

Results—Serum screening revealed that hemorrhage rapidly altered levels of circulating 

CINC-1. ELISA confirmed that CINC-1 protein was significantly elevated in the serum as early as 

4h, and in the lung at 20h following hemorrhage, without any significant changes in the CINC-1 

mRNA expression. Lung MPO levels were also elevated 4h and 20h after hemorrhage. VPA 

treatment attenuated these changes

Conclusions—Hemorrhage resulted in development of ALI, which was prevented with VPA 

treatment. Circulating CINC-1 levels rose rapidly after hemorrhage, and serum CINC-1 levels 

correlated with lung CINC-1 and MPO levels. This suggests that circulating CINC-1 could be used 

as an early marker for the subsequent development of organ inflammation and injury.
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INTRODUCTION

Hemorrhage is a major cause of morbidity and mortality among trauma patients. Despite 

prompt hemorrhage control and adequate resuscitation, patients may still suffer numerous 

complications during their hospital course. Common complications include acute lung injury 

(ALI), multi-system organ failure and sepsis, among others. Development of secondary 

complications of hemorrhagic shock is thought to be related to aberrant, deregulated 

activation of the immune system, which may manifest as a relatively immunosuppressed or 

pro-inflammatory state (1). In the case of ALI, the diagnosis is made when the patient's 

clinical condition deteriorates (development of bilateral infiltrates on chest x ray and Pa02/

FI02<300 in the absence of cardiac failure) (2,3). Accurate prediction of patients who will 

develop ALI remains a challenge. There is considerable interest in discovering and 

validating circulating biomarkers that can aid in the early diagnosis and prognostication of 

ALI (4).

Our lab has explored the concept of pharmacologic resuscitation for traumatic hemorrhagic 

shock (HS) using histone deacetylase inhibitors (HDACI) such as valproic acid (VPA). 

These drugs promote acetylation of nuclear histone proteins as well as non-histone proteins 

located in both the cytoplasm and the nucleus. There are several reasons why HDACI are 

suitable for pharmacologic resuscitation. It is known that hemorrhage leads to an imbalance 

in acetylation of proteins, and that HDACI can restore this balance (5,6). Also, acetylation 

can impact many critical cellular processes such as gene expression, protein signaling 

cascades, and protein stability (7). HDACI treatment can reduce pro-apoptotic caspase-3 

activation in the liver (8) and can acetylate β-catenin and promote transcription of bcl-2, a 

pro-survival gene in neuronal tissue (9). Treatment with HDACI (without any additional 

fluid resuscitation) improves early survival in rats subjected to lethal hemorrhagic shock 

(10,11), as well as swine poly-trauma models (12). In these studies, the survival advantage 

became apparent immediately following treatment, presumably as the cells became more 

resistant to the deleterious effect of HS. In addition, HDACI may also have delayed benefits 

through favorable modulation of the post-injury immune response (13,14). Thus, the 

protective effects of HDACI extend beyond the acute phase to include an attenuation of 

delayed organ injury as well.

This study was designed to: (1) discover whether HS altered circulating proteins that could 

predict subsequent development of organ injury; and (2) determine if these circulating 

proteins could be prevented by treatment with an HDACI, valproic acid. Recently, new 

multiplex research tools have become available that can measure multiple compounds 

simultaneously in biological samples. We utilized one such multiplex assay for the initial 

screening, followed by focused evaluation of the discovered molecules.
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MATERIALS AND METHODS

Animals

This study adhered to the principles stated in The Guide for the Care and Use of Laboratory 

Animals (7th ed., National Academies Press, 1996), and was approved by the Institutional 

Animal Care and Use Committee. Male Wistar Kyoto rats (250-300 grams) were purchased 

from Harlan (Indianapolis, IN). Rats were allowed food and water ad libitum.

Surgical Procedure

The left femoral artery and vein of rats were cannulated as described previously (11). 

Briefly, rats were sedated with isoflurane (Abbott Laboratories, North Chicago, IL) 

delivered through a nose cone scavenging system connected to a veterinary anesthesia 

vaporizer and delivery system (Kent Scientific Corporation, Torrington, CT). After local 

anesthesia was achieved by injecting 0.2mL of 0.75% bupivicaine (AstraZeneca, 

Wilmington, DE), the left femoral vessels were dissected and cannulated with polyethylene 

50 (PE50) catheters (Clay Adams, Sparks, MD). The venous cannula was used for 

hemorrhage and drug administration while the arterial catheter was connected to the 

Ponemah Physiology Platform (Gould Instrument Systems, Valley View, OH) for continuous 

hemodynamic monitoring.

Hemorrhagic shock (HS) protocol

The volume of hemorrhage was based on each animal's estimated total blood volume which 

was calculated as follows: estimated total blood volume (mL) = weight (g) × 0.06 (mL/g) 

+ 0.77 (15). Blood was withdrawn from the animal using infusion and withdrawal syringe 

pumps (Kent Scientific Corporation). On the day of experimentation, VPA (Calbiochem, San 

Diego, CA) solution was prepared fresh by dissolving it in filtered distilled water to create a 

400 mg/mL solution. To induce sublethal HS, baseline (BL) arterial blood samples were 

obtained, and 40% of estimated blood volume was withdrawn over 10 minutes through the 

venous cathether, followed by un-resuscitated shock for 30 minutes. At this time, Post-shock 

(PS) arterial blood samples were obtained, and animals were treated with either: 1) valproic 

acid (VPA 300mg/kg IV; volume = 750 μL/kg; given over 5 minutes), or 2) vehicle control 

(750 μL/kg of 0.9% saline IV; given over 5 minutes), followed by 200 μL of 0.9% saline 

flush over 15 minutes. The dose of VPA (300 mg/kg) was based upon our previous 

experience, and on an observation that lower doses do not induce acetylation (5-12). 

Catheters were removed at this stage and the vessels were ligated. Aesthesia was 

discontinued and animals were allowed to recover in their cages. They were sacrificed at 1h, 

4h, and 20h after completion of treatment. At the time of sacrifice, venous blood samples 

were collected by puncturing the inferior vena cava and organs were harvested. Lung tissue 

was rinsed with cold saline, frozen in liquid nitrogen, and stored at −80°C. All blood 

samples were analyzed using Stat Profile Critical Care Xpress (Nova Biomedical, Waltham, 

MA) to measure pH, lactate, and hemoglobin.
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Meso Scale Discovery Cytokine Immunoassay

A rat multiplex kit (IL-1β, CINC-1, IL-4, IL-5, TNFα, IFNγ, IL-13) including all reagents 

and standards were purchased from Meso Scale Discovery (MSD; Gaithersburg, Maryland). 

Serum was prepared by allowing blood samples to clot for 1 hour at room temperature and 

then centrifuging at 1,500 × g at 4 °C for 10 minutes. Cytokine concentrations were detected 

in 25μL of serum by following the manufacture's instructions, using the MSD Sector Imager 

2400 plate reader. Samples were run in triplicate, and samples with a coefficient of variation 

greater than 20% were excluded.

Enzyme Linked Immunosorbent Assay (ELISA)

CINC-1 levels in the serum and lung were quantified using the Quantikine rat CINC-1 

ELISA kit (R and D, Minneapolis, MN). Rat lung tissue and serum were prepared as 

described above. CINC-1 concentrations were quantified in 50μL of lung tissue supernatant 

or serum according to the manufacture's instructions by measuring optical densitometry 

values at 450 nm in a SpectramaxPlus 384 microplate reader (Molecular Devices, 

Sunnyvale, CA).

Myeloperoxidase Activity

Pulmonary myeloperoxidase (MPO) levels were quantified using the rat MPO enzyme-

linked immunosorbent assay (ELISA) kit (Cell Sciences, Canton, MA). Rat lung tissue (50 

mg per sample) was homogenized using a glass hand-held homogenizer in 1 mL of a lysis 

buffer (200 mM NaCl, 5 mM EDTA, 10 mM Tris, 10% glycine, 1 mM phenylmethylsulfonyl 

fluoride, 1 μg/mL leupeptide, 28 μg/mL aprotinin). The samples were centrifuged twice at 

1,500 × g at 4 °C for 15 min, and supernatants were analyzed for MPO levels by following 

the manufacturer's instructions.

RNA Isolation and Real-Time Polymerase Chain Reaction (real-time PCR)

Total RNA was prepared from lung tissue in RNAlater solution using the RNeasy Mini Kit 

(Qiagen, Valencia, CA), and mRNA was reverse transcribed into cDNA using the High-

Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA) according 

to the manufacture's instructions. Equal amounts of cDNA were submitted for PCR in the 

presence of SYBR Green Master Mix and forward and reverse primers using the ABI 

PRISM 7300 Real-Time PCR detection machine (Applied Biosystems). The primer for 

CINC-1 (forward: 5’-CACCCAAACCGAAGTCATAG-3’; reverse: 5’-

TTCTTCAATACTTGGGGACA-3’) was synthesized by Real Time Primers (Elkins Park, 

PA). GAPDH (forward : 5’-CCTGGAGAAACCTGCCAAGTAT-3’; reverse: 5’-

CTCGGCCGCCTGCTT-3’) was used as an internal control and was synthesized by 

Invitrogen (Carlsbad, CA). PCR was performed with 40 cycles of 15 seconds at 95 °C, and 1 

minute at 60 °C. Each sample was run in triplicates. Relative quantification of mRNA 

expression was performed using the ΔΔCt method where ΔCt is the calculated difference in 

the Ct (threshold cycle) values between CINC-1 and GAPDH, and ΔΔCt is the calculated 

difference between the ΔCt for a given sample and the ΔCt for sham, such that the relative 

quantity of mRNA, normalized to GAPDH and sham, is calculated as 2−ΔΔCt.
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Statistical Analysis

All continuous variables are expressed as means +/− standard error of the mean (SEM). Data 

were analyzed using SPSS statistical software (SPSS, Chicago, IL). Differences between 3 

or more groups were assessed using one way analysis of variance (ANOVA) followed by 

Bonferroni post hoc testing for multiple comparisons. The independent samples t-test was 

used for comparisons between 2 groups. A paired-sample t-test was used to compare 

variables within a group. In all cases, statistical significance was defined as p<0.05.

RESULTS

Hemorrhagic shock

Animals were hemorrhaged 40% of their total blood volume to induce sub lethal HS, and 

were sacrificed at 1, 4, and 20 hours following hemorrhage and treatment. This degree of 

blood loss was selected to allow 100% of animals in all groups to survive until the 

designated time of sacrifice. Selected laboratory values were measured, and were indicative 

of moderate HS (mean lactate 0.6 mmol/L at baseline, 4.3 mmol/L after hemorrhage; mean 

baseline hemoglobin 12.0 g/dL at baseline, 9.6 g/dL after hemorrhage).

Circulating CINC-1

Serum samples (n=3-4/timepoint/group) were screened using a multiplex 

electrochemiluminescence assay to determine if there were any changes in circulating 

cytokines and chemokines. Of the 7 cytokines analyzed (IL-1β, CINC-1, IL-4, IL-5, TNFα, 

IFNγ, IL-13), CINC-1 exhibited a robust rise following HS, which appeared to be attenuated 

by VPA treatment (Figure 1). Two samples had to be eliminated from the sham group 

(CINC-1 below the lower limit of detection) and 1 sample had to be eliminated from the 

vehicle 20h group (CINC-1 coefficient of variation greater than 20%). As this was a 

screening test, statistical analysis was not performed. Rather, conventional ELISA was used 

to confirm these data. The other cytokines were either below the lower limit of detection, or 

did not exhibit obvious differences between groups so no further analysis of these cytokines 

was undertaken.

Conventional ELISA was used to confirm the data obtained using the multiplex 

electrochemiluminescence assay. At BL, all groups exhibited similar low levels of 

circulating CINC-1. HS increased the amount of circulating CINC-1, and VPA treatment 

significantly attenuated this effect at 4 hours (Figure 2).

Lung CINC-1

ELISA was used to measure CINC-1 levels in lung whole tissue extract (n=3-4/timepoint/

group). Sham animals exhibited a low level of CINC-1 in the lung. HS resulted in a gradual 

increase of CINC-1 in lung tissue, which became significantly different from sham by 20 

hours (Figure 3).

Lung MPO

MPO levels were measured in lung whole tissue extract as a marker for neutrophil 

infiltration (n=3-4/timepoint/group). Sham animals exhibited low levels of MPO in the lung. 
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HS resulted in a gradual increase of lung MPO levels which was highest at 20 h (nearly 5-

fold that of sham), and significantly different from sham at 4h, and 20h. VPA treatment 

significantly attenuated this effect at the 20h time point (Figure 4).

CINC-1 mRNA levels

Lung tissue was assessed for CINC-1 mRNA levels (n=3-4/timepoint/group). Hemorrhage 

had no effect on CINC-1 mRNA levels over time. There were no significant changes 

between the groups.

DISCUSSION

There are two main findings of this study. First, circulating CINC-1 levels increase rapidly 

following HS, along with a rise in CINC-1 and MPO levels in the lung. CINC-1 is a 

chemokine that promotes neutrophil chemotaxis (16), and MPO is a marker for neutrophil 

infiltration that is known to occur in ALI. Thus, these findings suggest that organ injury may 

be associated with a measurable change in circulating proteins such as CINC-1, and these 

proteins may have some utility as biomarkers for early detection of organ injury. Second, 

treatment with VPA attenuates these effects. Previously, we have shown that post-shock 

administration of VPA, without conventional fluid resuscitation, prevents death from lethal 

blood loss (10,11). The current study suggests that approach may have some delayed benefit 

as well by decreasing pulmonary neutrophil infiltration.

ALI is a known complication of trauma that is multi-factorial in etiology (2). In ALII, 

accumulation of neutrophils in the lung is commonly observed, and neutrophil-mediated 

damage is considered to be a major mechanism (2). Distinguishing those patients who will 

develop ALI and those who will not prior to clinical deterioration remains a challenge. ALI 

is a clinical diagnosis made on the basis of simple clinical criteria: new bilateral infiltrates 

on chest radiograph and Pa02/FI02≤300 in the absence of heart failure (3). By definition, 

these diagnostic criteria of ALI cannot be used to predict which patients may be at risk for 

developing ALI. Some authors have suggested that circulating biomarkers could be used to 

help make the diagnosis of early ALI, or predict those patients at risk (17,4). Many of the 

proposed biomarkers thus far have established roles in the inflammatory and coagulation 

cascades (17,4). Theoretically, early detection of inflammatory mediators that contribute to 

the development of ALI would allow for early diagnosis and better triage of at risk patients.

One goal of this study was to identify changes in circulating proteins that may be associated 

with HS. We utilized a multiplex assay, based on ELISA and electrochemiluminescence 

detection principles, to evaluate multiple circulating cytokines simultaneously. The main 

advantage of utilizing a multiplex platform is that multiple proteins can be simultaneously 

evaluated within a single sample, which increase efficiency and decreases the amount of 

biological material required. Admittedly, these newer multiplex platforms also have several 

disadvantages. For example, the assay cannot be titrated to individual proteins, and while 

experimental conditions such as sample volume, incubation time, etc. may be idea for 

detection of one protein, they may be suboptimal for detection of another proteins. Thus, it 

is possible that a biologically important protein may be missed using this method. Secondly, 

some proteins included as part of the multiplex panel may not be of particular interest. For 
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example, the panel we utilized included IL-4, IL-5 and IL-13. These cytokines are prominent 

mediators of eosinophilic reactions and allergy (18), but are likely to be less relevant in HS. 

Additionally, these multiplex platforms are relatively new, and their accuracy and sensitivity 

are only beginning to be validated in the literature (19). For these reasons, we designed our 

study to use the multiplex assay only as a screening tool, and relied on the traditional ELISA 

to confirm the findings.

Our multiplex screening study suggested that circulating CINC-1 levels were elevated 

rapidly following HS. Circulating levels of 6 other proteins included in the assay (IL-1β, 

IL-4, IL-5, TNFα, IFNγ, IL-13) did not appear to be significantly modulated in our model. 

This was somewhat of an unexpected finding because other authors have shown that 

circulating TNFα and IL-1β are elevated following hemorrhagic shock in both humans and 

animal models (20,21,4). There are several possible explanations for this discrepancy 

between studies. First, in other studies, subjects were resuscitated with crystalloid solution 

such as lactated Ringer's, and this therapy is well-known to be pro-inflammatory (22). On 

the other hand, we utilized only pharmacologic resuscitation without additional fluids. Thus, 

the elevated cytokines may be attributed to the combination of shock and resuscitation. 

Second, because we only looked at three discrete time points, it is possible that we failed to 

capture the peak in the circulating levels of these proteins. Third, other variations in 

experimental design such as variations in the levels and duration of shock may also account 

for these differences.

CINC-1 is a rat chemokine known to be involved in neutrophil chemotaxis, and binds to 

CXCR2 receptor (16,23). CINC-1 belongs to the IL-8 family for chemokines, and is 

homologous to the mouse keratinocyte-derived chemokine (KC), and to the human growth 

related oncogene alpha (GROα) protein (16,23). We discovered that CINC-1 becomes 

detectable in the serum rapidly after HS. Because of the association of HS and ALI and the 

central role of neutrophils, we also analyzed the lung, and found that pulmonary CINC-1 

expression was elevated following HS. The rise in lung CINC-1 appeared to parallel a rise in 

lung MPO, a marker for pulmonary neutrophil infiltration. We also assessed CINC-1 mRNA 

production in the lung. Our results were inconclusive in this regard because there was no 

change in CINC-1 mRNA between the sham and HS animals. It is possible that CINC-1 is 

produced by only a subpopulation of cells within the lung, for example, alveolar 

macrophages, and that our whole tissue extraction technique was not sufficiently sensitive to 

detect these changes in RNA levels. Also, it is possible that small changes in RNA, below 

the level of detection in our assays, could produce larger changes in protein levels due to 

amplification. Other groups have shown that lung CINC-1 is produced mostly by alveolar 

macrophages, and depletion of these cells result in less CINC-1 and less lung injury 

following infectious challenge (24). Alternatively, lung epithelial, endothelial, and fibroblast 

cells in culture also produce CINC-1 (25,26). Further studies are required to determine the 

source of CINC-1 in our model.

The fact that CINC-1 can be detected in the serum following HS is significant because this 

may used as a circulating biomarker for the subsequent development of organ injury. A 

recent study looking at a mouse model of 30% blood volume hemorrhage also found that 

lung and plasma KC was elevated 4 hours after hemorrhage (27). In a retrospective study 
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looking at a panel of biomarkers to distinguish patients with and without ALI, IL-8 was one 

of the biomarkers found to be important (4). Others have also suggested that KC could be a 

circulating biomarker for kidney injury following ischemia and reperfusion (28). In our 

model, we did not find any evidence of kidney injury (data not shown), however, this is 

probably because moderate HS (40%) in our model was not severe enough to result in 

kidney injury. In lethal models of HS, however, we have shown that renal injury can be 

prevented by VPA treatment (29). Detection of circulating CINC-1 is likely an early marker 

for organ injury, and not specific for a particular organ. Its utility as a biomarker would be its 

ability to suggest that in a distant organ inflammation and neutrophil recruitment is ongoing, 

and that clinical manifestation of this organ injury may be expected. In our study, CINC-1 

levels in serum peaked well in advance (Fig 2) of the tissue levels (Fig 3), which also 

supports the hypothesis that circulating CINC-1 levels may be used as a marker for the 

prediction of ALI. Another goal of this project was to determine if VPA treatment would 

have any impact on ALI, as well as on circulating and tissue CINC-1 levels. We studied lung 

CINC-1 levels as well as MPO levels as a marker for neutrophil infiltration and found that 

treatment with VPA attenuated hemorrhage-induced elevation of circulating CINC-1, lung 

CINC-1, and lung MPO levels. Thus, VPA appeared to inhibit several inflammatory changes 

associated with HS.

Previously, we have studied phamarcologic resuscitation using HDACI such as VPA, and 

found that these compounds promote survival following otherwise lethal HS. In both rat and 

pig experiments, untreated control animals tend to die within 1-2 hours of hemorrhage, 

while VPA treated animals continued to survive despite ongoing hypotension, shock, and 

acidosis (10,11,12). Because the benefits are immediate (within 1-2 hours), the likely 

mechanism involves modulating cellular signaling cascades (through restoration of cellular 

acetylation), protein stability, or similar mechanisms, rather than new gene expression. 

Indeed, prior studies have shown activation (phosphorylation) of MAP kinases 1h, and 4h 

after HS, but not at 20h (11,30). ALI, however, is a later inflammatory complication of HS, 

typically manifesting hours or days after resuscitation when the patient is no longer in shock. 

Thus, this study suggests that the beneficial effects of VPA may last beyond the initial period 

of shock, and that VPA may modulate the post-trauma inflammatory response.

It is not known how VPA decreases CINC-1 and pulmonary neutrophil infiltration, but 

several hypotheses can be generated. One possibility is that VPA stabilized the intestinal 

barrier which prevents systemic inflammation. It is known that HS induces tight junction 

disruption and gut permeability, allowing toxic substances to translocate from the lumen into 

the intestinal lymphatics, ultimately resulting in pulmonary injury as well as systemic 

inflammation (31,32,33). In particular, the tight junction protein claudin-3 is shed from the 

intestine during HS, but VPA prevents claudin-3 loss (34). A second possibility is that VPA 

directly exerts an anti-inflammatory effect. Several lines of evidence support this possibility. 

HDACI are known to be anti-inflammatory, and have been proposed as therapeutic options 

for inflammatory diseases such as rheumatoid arthritis (35). Data from our lab also indicate 

that SAHA, another HDACI, can modulate the inflammatory response of splenic leukocytes 

from trauma patients exposed to a second insult (ex-vivo) of hypoxia or LPS (13,14). In 

addition, it was recently reported that the activation of the MAP kinases JNK and ERK1/2 

promote CINC-1 release from rat astrocytes (36). Previously, we have shown that VPA 
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attenuates HS-induced activation of both JNK and ERK (11,30). Thus, it is possible that 

CINC-1 attenuation observed in this study is related to a direct anti-inflammatory effect of 

VPA, or an effect mediated by regulation of MAP kinase signaling. Further studies would be 

required to test these hypotheses.

In summary, HS results in early elevation of serum CINC-1 levels as well as elevation of 

lung CINC-1 and MPO levels, indicating neutrophil infiltration and inflammation –

hallmarks of ALI. Pharmacologic resuscitation with VPA attenuates these effects. CINC-1 

may be an early marker for HS-induced organ injury, and pharmacologic resuscitation with 

HDACI such as VPA may offer anti-inflammatory benefits following HS.
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Figure 1. 
Serum screening using a multiplex electrochemiluminescence assay. Rats were hemorrhaged 

40% of their blood volume, and were treated with VPA 300mg/kg IV or normal saline 

vehicle (VEH). Serum was collected at the time of sacrifice (1h, 4h, and 20h) as well from 

sham animals, and analyzed. Data shown as mean CINC-1 concentration ± SEM.
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Figure 2. 
Serum CINC-1 levels. Data obtained in Figure 1 were confirmed by ELISA. Rats were 

hemorrhaged 40% of their blood volume, and were treated with VPA 300mg/kg IV or 

normal saline vehicle (VEH). Serum was collected for analysis at baseline (BL) and at the 

time of sacrifice (1h and 4h). Data shown as mean CINC-1 concentration ± SEM. 

Hemorrhage resulted in a significant increase in serum CINC-1 levels at 4h (*p<0.05 vs. 

BL), whereas VPA treatment significantly attenuated this effect (**p<0.05 vs. VEH 4h).
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Figure 3. 
Lung CINC-1 levels. Rats were hemorrhaged 40% of their blood volume, and were treated 

with VPA 300mg/kg IV or normal saline vehicle (VEH). Lung tissue was collected for 

analysis at the time of sacrifice (1h, 4h, 20) as well as from sham animals. Data shown as 

mean CINC-1 concentration ± SEM. Hemorrhage resulted in a significant increase in lung 

CINC-1 levels at 20h (*p<0.05 vs. sham). The effects of VPA on lung CINC-1 levels were 

not statistically significant (p=0.17; comparing VEH vs. VPA at the 20h time point).
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Figure 4. 
Lung MPO levels. Rats were hemorrhaged 40% of their blood volume, and were treated 

with VPA 300mg/kg IV or normal saline vehicle (VEH). Lung tissue was collected for 

analysis at the time of sacrifice (1h, 4h, 20) as well as from sham animals. Data shown as 

mean MPO concentration ± SEM. Hemorrhage resulted in a significant increase in lung 

MPO levels at 4h and 20h (*p<0.05 vs. sham), whereas VPA attenuated this effect 

(**p<0.05 vs VEH 20h).
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Figure 5. 
Lung CINC-1 RNA relative quantity. Rats were hemorrhaged 40% of their blood volume, 

and were treated with VPA 300mg/kg IV or normal saline vehicle (VEH). Lung tissue was 

collected for analysis at the time of sacrifice (1h, 4h, 20) as well as from sham animals. Data 

shown as CINC-1 relative quantity ± SEM. There were no significant differences between 

groups.
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