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Background

Hemorrhagic shock (HS) is an important cause of mortality worldwide. HS is commonly 

associated with civilian and combat trauma, upper and lower gastrointestinal bleeding, 

obstetric and gynecologic bleeding, ruptured aneurysms, and iatrogenic vascular injury 

[1-5]. In the United States, HS accounts for 40% of the deaths after severe traumatic injury, 

which is the main cause of death in individuals younger than 44 years of age [1, 2].

HS rapid lethality is a consequence of severely reduced tissue perfusion resulting in 

inadequate delivery of oxygen. Indeed, about one out of every two patients with HS due to 

severe trauma die before arrival at the hospital [2], and one out of every two patients who 

make it to the hospital die within 3 hours of admission [6]. Patients surviving the initial 

shock and resuscitation have an elevated incidence of acute lung injury (ALI) and acute 

respiratory distress syndrome (ARDS) (up to 20% of intensive care unit patients), further 

aggravating the patient's condition and contributing to HS overall morbidity and mortality 

[6-8]. The current standard of care for HS consists of timely intervention to control bleeding, 

volume replacement, and whole blood or blood component therapy [9]. Recent advances in 
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HS shock treatment, however, have led to disappointingly small improvements in patient 

survival and in the incidence of ALI [3, 10, 11].

HS-associated lung injury is generally thought to develop in part due to reperfusion, which 

can cause cellular stress and the release of damage-associated molecular pattern (DAMP) 

molecules and inflammatory mediators, leading to leukocyte and vascular endothelial cell 

(EC) activation, increased capillary permeability, neutrophil infiltration, and tissue injury 

[12-15]. Cold-inducible RNA-binding protein (CIRP) is a highly conserved nuclear protein 

upregulated by hypoxia and mild hypothermia [16, 17]. We have discovered that, during HS, 

CIRP translocates from the nucleus to the cytoplasm, and is subsequently released in the 

circulation [18]. Once released, CIRP acts as a damage-associated molecular pattern 

molecule (DAMP) to increase HS severity and mortality rate [18, 19]. We have recently 

shown that CIRP injection causes healthy mice to develop lung injury, as evidenced by lung 

histology, neutrophil infiltration, and local production of TNF-α and IL-1β [20]. CIRP also 

induced lung vascular EC activation leading to increased cell-surface expression of the 

adhesion molecules E-selectin and ICAM-1, activation of the NRLP3 inflammasome, and 

increased vascular permeability [20]. These observations suggest that CIRP may play a 

critical role in the development of lung injury associated with HS.

We have recently identified C23 as an oligopeptide derived from the human CIRP protein 

(Ser110-Glu125) that binds with very high affinity to the CIRP receptor [18]. Furthermore, 

C23 inhibits CIRP-induced phagocyte secretion of TNF-α [18]. As such, we hypothesized 

that, by blocking CIRP, adjuvant treatment with C23 should decrease activation of 

leukocytes and EC and, thus, attenuate lung injury caused by HS. Therefore, in this study we 

sought to determine the effects of C23 on systemic and pulmonary injury in a mouse model 

of HS.

Methods

Animals

Male C57BL/6 mice (25-30 g) were purchased from Jackson Laboratories (Bar Harbor, 

ME). Mice were housed in temperature controlled rooms with 12-h light cycles and fed a 

standard mouse diet. Mice were acclimated for one week before experimentation. All 

experiments involving live animals were carried out in accordance with the National 

Institutes of Health guidelines for the use of experimental animals and were reviewed and 

approved by the Institutional Animal Care and Use Committee at the Feinstein Institute for 

Medical Research.

Animal model of HS

At the beginning of the experiment, mice were anesthetized with isoflurane. After 

identification of the femoral nerves, the right and left femoral arteries were cannulated with 

PE-10 polyethylene tubing (BD, Sparks, MD) containing a small amount of heparin (2 

IU/ml) in normal saline solution. The left femoral artery cannula was connected to a digital 

blood pressure analyzer (BPA; Digi-Med, Louisville, Ky) for continuous monitoring of the 

mean arterial pressure (MAP) and heart rate (HR), and the right femoral artery cannula was 
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used for controlled hemorrhage and fluid replacement. After cannulation, mice were 

observed until stabilization of the MAP at 90 mmHg. HS was induced by slow withdrawal of 

blood through the right femoral arterial cannula over 10-15 min, until the MAP reached 25 

mmHg. The MAP was then maintained at 25 ± 3 mmHg for 90 min by withdrawal or 

replenishment of shed blood (Fig. 1A). Sham-operated animals underwent the same surgical 

procedures but were neither hemorrhaged nor resuscitated.

Resuscitation and adjuvant treatment

At 90 min of HS, mice received low-volume (two times the volume of shed blood) 

resuscitation with room-temperature normal saline solution, infused over 30 min via the 

right femoral artery. Shed blood was not used for resuscitation, and animals did not receive 

heparin at any moment. Synthetic C23 (GRGFSRGGGDRGYGG) was obtained from 

GenScript USA Inc. (Piscataway, NJ; >95% purity). In addition to the resuscitation fluid, 

each mouse was randomly allocated to receive only normal saline solution (vehicle) or 

adjuvant treatment with C23 (8 μg/kg BW). After resuscitation, isoflurane anesthesia was 

discontinued and mice were returned to their cages.

Collection of blood and lungs

At 4.5 hours after the end of resuscitation, mice were anesthetized with isoflurane for 

collection of blood and lungs. After clotting, blood samples were centrifuged at 1000g for 

10 min at 4°C, and the resulting serum samples were stored at ‐80°C until assayed. A 

section of lung tissue was preserved in 10% formalin for histopathological analysis. The 

remaining lung tissue was flash-frozen in liquid nitrogen and stored at -80°C until assayed.

Determination of organ injury markers

Serum levels of aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) were 

determined using specific colorimetric enzymatic assays (Pointe Scientific, Canton, MI) 

according to the manufacturer's instructions.

Assessment of lung IL-1β, TNF-α and IL-6 mRNA

The mRNA expression of lung IL-1β, TNF-α, and IL-6 proinflammatory cytokines was 

assessed by real-time quantitative PCR (qPCR). RNA was extracted from lung tissues with 

TRIzol reagent (Invitrogen, Carlsbad, CA) and reverse-transcribed into cDNA using murine 

leukemia virus reverse transcriptase (ThermoFisher Scientific, Waltham, MA). qPCR 

reactions were carried out in 25 μl containing 0.08 μmol of each forward and reverse primer 

(Table I), 5 μl cDNA, 6.5 μl H2O, and 12.5 μl SYBR Green PCR Master Mix (ThermoFisher 

Scientific). Amplification was conducted in duplicates in a 7300 real-time thermocycler 

(Applied Biosystems, Foster City, CA) with a thermal profile of 50°C for 2 min and 95°C 

for 10 min, followed by 45 cycles of 95°C for 15 s and 60°C for 1 min. Relative expression 

of mRNA normalized to mouse β-actin was determined using the 2(-ΔΔCt) method [21].

Measurement of myeloperoxidase (MPO) activity

MPO activity in the lungs was determined in duplicates using the peroxidase catalyzed 

reaction. Lung samples were sonicated in 50 mM potassium phosphate buffer containing 
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0.5% hexadecyltrimethylammonium bromide. After centrifugation, the sonicate supernatant 

was diluted in reaction solution containing o-dianisidine hydrochloride and H2O2. The MPO 

activity was defined as the rate of change in the 460-nm optical density (OD) over 1 min, as 

previously described [18].

HE staining

Formalin-fixed lung samples were embedded in paraffin, microsectioned at 4 μm, and 

stained with hematoxylin and eosin (HE). Histological examination was performed by an 

examiner blinded to treatment allocation. Lung injury score was assessed using a semi-

quantitative light microscopy evaluation, as previously described [22].

Lung extravasation assay

Lung vascular leakage was quantified using the Evans blue dye (EBD)-labeled albumin 

extravasation assay [23]. At 3.5 hours after the end of resuscitation,mice were injected EBD 

(30 mg/kg in 100 μl; Sigma-Aldrich, St. Louis, MO) via the jugular vein. At 1 hour after 

EBD administration (4.5 hours after the end of resuscitation) the lungs were perfused with 

heparinized (1 U/ml) normal saline via right ventricle injection to remove intravascular dye. 

The left lung was removed for photographic documentation. The right lung was dehydrated 

for 48 hours at 60°C, immersed in formamide (4 ml/g wet weight, Sigma-Aldrich) at 37°C 

for 24 h, and centrifuged at 5,000g for 30 min. The amount of extracted EBD in the 

supernatant was quantified by spectrophotometry. The concentration of extravasated EBD-

albumin in lung homogenates was expressed as ng EBD per mg of dry lung tissue.

Determination of ICAM1 protein levels

Lung tissues were homogenized in radioimmunoprecipitation assay (RIPA) cell lysis buffer 

(10 mM Tris-HCl, pH 7.5, 120 mM NaCl, 1% NP-40, 1% sodium deoxycholate and 0.1% 

SDS) containing a protease inhibitor cocktail (Roche, Indianapolis, IN). The total protein 

concentration was determined using a colorimetric assay (Bio-Rad, Hercules, CA). The 

extracted protein (25 μg) was fractionated on a Bis-Tris gel and transferred to 0.2 μm 

nitrocellulose membrane. The membranes were blocked and incubated overnight with rabbit 

polyclonal anti-ICAM-1 antibodies (1:500; M-19; Santa Cruz Biotech, Dallas, TX) at 4°C. 

The membranes were then incubated with horseradish peroxidase-labeled secondary 

antibodies, reacted with chemiluminescence peroxidase substrate (ECL, Amersham 

Biosciences, Piscataway, NJ), and exposed to radiograph film. Band densities were 

determined using NIH ImageJ software. Protein loading for each lane was normalized using 

β-actin protein levels.

Statistical analysis

All normality distributed data was expressed as mean ± standard error of the mean (SE) and 

compared using Student's t-test or analysis of variance (ANOVA) using Student-Newman-

Keul's post-hoc analysis. Non-normally distributed data were compared using ANOVA on 

Ranks. Differences in values were considered significant if p < 0.05. All statistical analyses 

were performed using SigmaStat (Systat Software Inc, Chicago, IL). Due to limited 

Zhang et al. Page 4

J Trauma Acute Care Surg. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



statistical power, lack of statistically significant differences between groups was considered 

non-informative.

Results

Adjuvant treatment with C23 does not alter the arterial blood pressure after resuscitation 
for HS

Mice were subjected to controlled hemorrhage for 90 min followed by resuscitation with 

normal saline solution plus adjuvant treatment with vehicle or C23 (Fig. 1A). MAP 

measurements prior to the resuscitation period were identical between mice adjuvantly 

treated with vehicle or C23 (Fig. 1B) indicating that both groups were subjected to shock of 

similar severity. During and at the end of the resuscitation period, MAP measurements 

between mice adjuvantly treated with vehicle or C23 were also similar (Fig. 1B), suggesting 

that C23 has no clinically significant intrinsic vasoactive activity.

Adjuvant treatment with C23 attenuates organ injury after HS

AST and LDH are ischemic organ injury markers released mainly by the liver, but also by 

myocardial and skeletal muscle, kidneys, brain, and red blood cells [24]. Thus, to determine 

whether adjuvant treatment with C23 attenuates organ injury after HS, we measured the 

serum levels of AST and LDH. Compared with sham animals, the serum levels of AST and 

LDH were significantly elevated 30.2- and 29.5-fold, respectively, in hemorrhaged-animals 

adjuvantly treated with vehicle (Fig. 2). Compared with vehicle, adjuvant treatment with 

C23 significantly reduced serum levels of AST and LDH by 51.3% and 52.2%, respectively 

(Fig. 2). These results indicate that adjuvant treatment of HS with C23 attenuates overall 

ischemic organ injury.

Adjuvant treatment with C23 decreases lung proinflammatory cytokines and neutrophil 
infiltration after HS

CIRP, released during sepsis and shock, contributes to lung injury with local production of 

proinflammatory mediators and neutrophil infiltration [20]. To evaluate whether adjuvant 

treatment with C23 reduces the expression of proinflammatory cytokines in the lung, we 

measured lung mRNA levels of IL-1β, TNF-α, and IL-6. Compared with sham animals, the 

expression levels of IL-1β, TNF-α, and IL-6 were 22.6-, 7.7-, and 19-fold higher in 

hemorrhaged-animals adjuvantly treated with vehicle (Fig. 3A-C). Compared with vehicle, 

adjuvant treatment with C23 significantly lowered the expression levels of IL-1β, TNF-α, 

and IL-6 by 66.1%, 54.4%, and 69.7%, respectively (Fig. 3A-C). Infiltrating neutrophils are 

an important source of proinflammatory cytokines in indirect lung injury. To determine 

whether adjuvant treatment with C23 reduces lung neutrophil infiltration, we measured lung 

myeloperoxidase (MPO) activity, which is proportional to the number of activated 

neutrophils in the tissue. Compared with sham animals, lung MPO activity was 5.5-fold 

higher in hemorrhaged-animals adjuvantly treated with vehicle (Fig. 3D). Compared with 

vehicle, adjuvant treatment with C23 significantly reduced MPO activity by 24.3% (Fig. 

3D). Together, these results indicate that adjuvant treatment of HS with C23 attenuates lung 

inflammation.
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Adjuvant treatment with C23 attenuated lung histological injury after HS

To assess C23's effect on changes in lung morphology caused by HS, we examined HE-

stained lung sections with light microscopy. At 4.5 hours after HS, the lungs of hemorrhaged 

mice had alveolar wall thickening and interstitial accumulation of neutrophils (Fig. 4A-C). 

However, the lung injury score of mice adjuvantly treated with C23 was significantly 

reduced by 33.9% compared with vehicle (Fig. 4D). The improvement in lung alveolar 

edema and inflammatory infiltrates suggest that adjuvant treatment of HS with C23 

attenuates lung injury.

Adjuvant treatment with C23 reduced lung permeability and attenuates the activation of 
endothelial cells in the lungs after HS

CIRP mediates lung vascular endothelial cell (EC) barrier dysfunction and EC activation 

[20]. We investigated whether adjuvant treatment with C23 attenuates vascular permeability 

using the EBD extravasation assay. Compared with sham mice, the lungs of HS mice treated 

with vehicle had a blue tint (Fig 5A), and accumulated a significantly elevated (2.2-fold) 

amount of amount of EBD (Fig 5A,B). Adjuvant treatment with C23, on the other hand, 

significantly decreased EBD extravasation by 36.8% (Fig 5A,B). The decrease in EBD 

extravasation indicates that adjuvant treatment with C23 attenuates vascular EC barrier 

dysfunction after HS. To determine whether C23 was also able to reduce EC activation, we 

quantified ICAM-1 protein expression in the lungs of sham and HS mice (Fig. 5C). 

Compared with sham mice, ICAM-1 levels were increased 2.5-fold in the lungs of HS mice 

treated with vehicle (Fig. 5C). In contrast, adjuvant treatment with C23 significantly 

decreased lung expression of ICAM-1 by 40.3% (Fig. 5C). These results suggest that 

adjuvant treatment with C23 ameliorates alveolar wall edema and neutrophil infiltration by 

reducing EC activation after HS.

Discussion

Most HS therapeutic studies have focused on the oncotic pressure and timing of fluid 

administration, transfusion of blood and blood components, and minimization of 

hypothermia and acidosis [25]. Lung injury after trauma, however, develops rapidly 

irrespective of resuscitation strategy [26]. We hypothesized that, in the context of isolated 

hemorrhage, adjuvant treatment with C23 would decrease lung injury severity in mice 

subjected to HS. Indeed we observed that mice receiving C23 had lower circulating levels of 

organ injury markers and attenuated lung injury after HS. As such, administration of fluid 

replacement together with a CIRP-targeting peptide is novel translational approach with 

potential to be developed for future therapeutic use in patients with HS.

CIRP is a 172-amino acid nuclear protein an amino-terminal RNA-recognition domain and a 

carboxy-terminal arginine-glycine rich domain which stabilize RNA translation [27-29]. 

CIRP is constitutively expressed in most tissues at low levels [27, 30, 31]. Cellular stressors 

such as radiation [28, 32-34], hypothermia [35], and hypoxia [16] upregulate CIRP 

expression, induce its translocation from the nucleus to the cytosol, promote its uptake by 

stress granules, and cause its release to the extracellular space [28]. Accordingly, we have 

shown that CIRP is released during hemorrhagic and distributive shock [18]. Extracellular 
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CIRP can cause phagocyte release of proinflammatory mediators and vascular EC activation 

[18, 20, 36, 37]. Indeed, both wild-type mice administered anti-CIRP neutralizing antibodies 

and CIRP knockout mice have significantly increased survival after HS [18]. We have also 

discovered that extracellular CIRP plays a critical role in the pathogenesis of lung injury. 

The lungs of healthy mice injected with recombinant mouse (rm) CIRP have increased 

expression of proinflammatory cytokines, neutrophil infiltration, alveolar wall edema and 

infiltration, vascular permeability barrier dysfunction, EC activation, and apoptotic cells 

[20].

Using surface plasmon resonance (SPR) analysis to estimate the apparent dissociation 

constant (Kd) between CIRP and potential receptors [38], we have shown that CIRP binds 

with high affinity to TLR4 (Kd = 6.17 ×10-7 M), MD2 (Kd = 3.02 ×10-7 M), and the 

TLR4/MD2 complex (Kd = 2.39 ×10-7 M) [18]. With the intention of indentifying potential 

antagonists for CIRP, we screened 32 oligopeptides (15-mers) covering the entire sequence 

of human CIRP and identified C23 as the oligopeptide with the highest affinity for MD2 (Kd 

= 2.97 × 10-8 M) [18]. C23's high affinity binding to the TLR4/MD2 complex is clearly 

evident when compared with LPS (LPS-TLR4, Kd = 1.41 ×10-5 M; LPS-MD2, Kd = 2.33 

×10-6 M) or HMGB1 (HMGB1-TLR4/MD2, Kd = 1.5 ×10-6 M) [39, 40]. Indeed, a 

computational modeling indicated that C23 fits into MD2's pocket (unpublished 

observations; W.-L. Yang and P. Wang), further supporting C23's potential to displace 

CIRP's binding to the TLR4/MD2 complex. Additionally, pre-incubation with C23 

prevented rmCIRP-induced release of TNF-α from the human monocyte THP-1 cell line 

[18], suggesting that C23 blocks CIRP activity. As hypothesized, adjuvant treatment of HS 

with C23 resulted in decreased lung proinflammatory cytokine expression, reduced lung 

neutrophil infiltration, improved lung histology score, improved lung vascular permeability 

barrier, and decreased lung EC activation. All of these outcomes have pathogenic or 

prognostic value in lung injury, and have been elicited by CIRP injection. As such, our 

findings suggest that targeting CIRP is a feasible and rational approach to improve HS-

associated morbidity.

In this study, we administered C23 along with fluid resuscitation at 90 minutes of shock. 

This is time point is delayed but relevant, and applicable to patients with HS due to trauma 

as well as other causes, such as patients with gynecologic and digestive tract hemorrhage. 

The resuscitation scheme used consisted of rapid administration of isotonic crystalloid 

solution. Although colloid solutions are often preferred, saline solutions seem to be just as 

effective [41-43]. We intentionally avoided resuscitation with blood or blood-derived 

products to avoid transfusion-related lung injury [44], which might confound the 

interpretation of our results. Even though our resuscitation's dose and timing may be 

suboptimal, they were sufficient to adequately recover the MAP to around 60 mmHg, and 

were equal in the vehicle and C23 groups, allowing for fair comparison. C23 was 

administered by intravenous infusion alongside volume resuscitation because, as a peptide, 

C23's half-live is expected to be short and a bolus injection might not produce the same lung 

injury attenuation observed with the 30-minute infusion. We then waited for 4.5 hours to 

measure the effects of adjuvant treatment with C23 on outcomes selected based on their 

relevance for lung injury pathophysiology and clinical severity, as well as their induction by 
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extracellular CIRP [20]. Therefore, the model, the resuscitation scheme, and the selection of 

outcomes were all clinically relevant.

Finally, we should consider this study's potential limitations. The dose of C23 was decided 

based on pilot studies in septic shock (manuscript in preparation), but it is not yet clear 

whether better results would be obtained with higher doses or continuous infusion. C23's 

pharmacotoxicology has not yet been studied, but significant side-effects are unlikely 

considering the benign phenotype of CIRP knock-out mice [45, 46]. Since the PaO2/FiO2 

ratio was not measured, we were unable to diagnose ARDS or to correlate the degree of 

respiratory shunt with other lung injury findings. Furthermore, since our model consisted of 

hemorrhage alone, it may not be possible to extrapolate our findings to more complex 

scenarios such as hemorrhage associated with trauma and hemorrhage associated with 

coagulopathies. Finally, while the investigators were blinded only for the histology analysis, 

lack of blinding for other endpoints is an unlikely source of bias, since all other 

measurements were determined directly and independently.

Conclusions

We have discovered that adjuvant treatment with C23 ameliorates HS-associated lung injury. 

These findings highlight the importance of a recently described novel pathway linking CIRP 

to the development of lung injury. Since CIRP is also released during septic shock [18], 

stroke [37], and hepatic ischemia and reperfusion [36], future studies should consider 

targeting CIRP with C23 as a new potential therapeutic strategy to treat patients with these 

and other related conditions.
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Figure 1. Hemorrhagic shock model and mean arterial pressure (MAP)
(A) The model of hemorrhagic shock used consisted of (1) femoral artery cannulation and 

MAP stabilization time, 10-15 min; (2) controlled hemorrhage, 15 min; (3) hemorrhagic 

shock, 90 min; (4) resuscitation with normal saline solution and adjuvant treatment with C23 

or vehicle, 30 min; and (5) observation period until blood and lung tissue collection, 210 

min. (B) Mice adjuvantly treated with vehicle or C23 (n=6 per group) had similar MAP 

measurements from the femoral artery cannulation stage up to the end of the resuscitation 

period.
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Figure 2. Adjuvant treatment with C23 attenuates organ injury after hemorrhagic shock
At 4.5 hours (210 min) after resuscitation, (A) AST and (B) LDH serum levels were 

significantly elevated in mice adjuvantly treated with vehicle (Veh), and significantly 

decreased in mice adjuvantly treated with C23. Data are presented as means ± SE (n=6 per 
group). *p < 0.05 vs. sham, #p < 0.05 vs. vehicle; one-way ANOVA followed by Student-
Newman-Keuls test.
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Figure 3. C23 attenuates lung inflammation after HS
At 4.5 hours after resuscitation, lung gene expression levels of (A) IL-1β, (B) TNF-α, and 

(C) IL-6 were significantly elevated in mice adjuvantly treated with vehicle (Veh) and 

significantly decreased in mice adjuvantly treated with C23. (D) Myeloperoxidase (MPO) 

activity was also elevated in the lungs of hemorrhaged mice and decreased in the lungs of 

mice adjuvantly treated with C23. Data are presented as means ± SE (n=6 per group). *p < 
0.05 vs. sham, #p < 0.05 vs. vehicle; one-way ANOVA followed by Student-Newman-Keuls 
test.
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Figure 4. C23 improves lung histological architecture after HS
At 4.5 hours after resuscitation, (A) the lungs of sham mice showed normal histological 

architecture, while the lungs of hemorrhaged mice treated with (B) vehicle or (C) C23 

displayed alveolar wall thickening with predominantly interstitial neutrophil accumulation. 

Representative photomicrographs, 200×; bar, 100 μm; inset, magnified region indicated by 
square. (D) The histological injury score, graded by an investigator blinded to the 

interventions, was significantly higher in mice adjuvantly treated with vehicle (Veh) than in 

mice treated with C23. Data are presented as means ± SE (n=3 per group). *p < 0.05 vs. 
sham, #p < 0.05 vs. vehicle; one-way ANOVA followed by Student-Newman-Keuls test.
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Figure 5. C23 attenuates lung endothelial cell barrier dysfunction and activation after HS
At 4.5 hours after resuscitation, Evans blue dye (EBD)-albumin extravasation was 

significantly higher in hemorrhaged mice adjuvantly treated with vehicle (Veh) than in sham 

mice, and significantly lower in mice adjuvantly treated with C23, as indicated by (A) visual 

detection of EBD-albumin on the surface of the lungs (representative images) and (B) 

spectrophotometric quantification of EBD after extraction with formamide. (C) Compared 

with sham mice, ICAM-1 protein expression was significantly elevated in the lungs of mice 

adjuvantly treated with vehicle and significantly decreased in mice adjuvantly treated with 

C23. Representative Western blot showing three samples per group. Data are presented as 
means ± SE (n=6 per group). *p < 0.05 vs. sham, #p < 0.05 vs. vehicle; one-way ANOVA 
followed by Student-Newman-Keuls test.
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Table I
Primer sequences used for cDNA amplification of mouse genes

Protein Gene RefSeq Forward primer Reverse primer

β-actin Actb NM_007393 CGTGAAAAGATGACCCAGATCA TGGTACGACCAGAGGCATACAG

IL-1β Il1b NM_008361 CAGGATGAGGACATGAGCACC CTCTGCAGACTCAAACTCCAC

TNF-α Tnfa X02611 AGACCCTCACACTCAGATCATCTTC TTGCTACGACGTGGGCTACA

IL-6 Il6 NM_031168 CCGGAGAGGAGACTTCACAG CAGAATTGCCATTGCACAAC
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