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Abstract

Reactive oxygen species and the NADPH oxidase (NOX) enzyme are both up-regulated after

spinal cord injury (SCI) and play significant roles in promoting post-injury inflammation.

However, the cellular and temporal expression profile of NOX isotypes, including NOX2, 3 and 4,

after SCI is currently unclear. The purpose of this study was to resolve this expression profile and

examine the effect of inhibition of NOX on inflammation after SCI. Briefly, adult male rats were

subjected to moderate contusion SCI. Double immunofluorescence for NOX isotypes and CNS

cellular types was performed at 24 hours, 7 days and 28 days post-injury. NOX isotypes were

found to be expressed in neurons, astrocytes and microglia, and this expression was dependent on

injury status. NOX2 and 4 were found in all cell types assessed, while NOX3 was positively

identified in neurons only. NOX2 was the most responsive to injury, increasing in both microglia

and astrocytes. The biggest increases in expression were observed at 7 days post-injury and

increased expression was maintained through 28 days. NOX2 inhibition by systemic

administration of gp91ds-tat at 15 minutes, 6 hours or 7 days after injury reduced both pro-

inflammatory cytokine expression and evidence of oxidative stress in the injured spinal cord. This

study therefore illustrates the regional and temporal influence on NOX isotype expression and the

importance of NOX activation in SCI. This information will be useful in future studies of

understanding reactive oxygen species production after injury and therapeutic potentials.
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Introduction

In the United States alone, there are over 12,000 new cases of spinal cord injury (SCI)

reported each year, contributing to over 273,000 people currently living with disabilities

caused by these types of injuries[1, 2]. In SCI, secondary tissue damage and cell death
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follows the initial mechanical insult, expanding from the primary injury site and contributing

to permanent motor, autonomic, and sensory function loss. Inflammation, including

activation of microglia and invasion of peripheral macrophages, and oxidative stress play

central roles in this secondary injury.

Reactive oxygen species (ROS) are important signaling messengers as well as normal by

products of cellular metabolism. However, an overabundance of ROS can be cytotoxic and

leads to modification of lipids, proteins and DNA (for review, [3]). The NADPH oxidase

(NOX) enzyme is a major source of ROS in injury and disease conditions [4, 5]. The NOX

family is comprised of seven known isotypes: NOX1, NOX2, NOX3, NOX4, NOX5,

DUOX1 and DUOX2. The NOX enzymes are transmembrane electron carriers that facilitate

the transfer of electrons from NADPH to molecular oxygen to yield superoxide (O2
• -).

Cellular expression of NOX in the central nervous system (CNS) appears to be isotype

dependent[6]. In particular, the NOX2, 3 and 4 isotypes have been identified in CNS cells,

particularly after stimulation or activation. For example, Savchenko et al. demonstrated that

expression of NOX1 and NOX2 are altered in microglia and neurons after stimulation in

vitro [7]. Studies have also shown that NOX2 is constitutively expressed in microglia and

up-regulated upon activation in cases of multiple sclerosis [8], ischemia [9] and traumatic

brain injury (TBI)[6,10]. We have demonstrated that NOX2 components are up-regulated

[11-13] and oxidative stress has been noted to be elevated by 3 hours and persists for weeks

after SCI [14]. Additionally, NOX2 derived ROS has been implicated in neuropathic pain

following peripheral nerve injury[15]. In addition, we have identified NOX3 and 4 in

neurons, astrocytes and microglia in brain before and after traumatic injury [6].

Activation of NOX2 is contingent upon the association of its subunits, and several studies

have found that blocking assembly NOX2 can reduce inflammation and improve recovery

after injury. For example, apocynin prevents the migration of p47PHOX to the membrane and

has been shown to reduce superoxide anion generation[16], increase neuronal survival [17],

reduce inflammation [18] and improve sensorimotor recovery after a brain injury [19].

Further, inhibition of NOX activity with dephenyleneiodonium (DPI), a flavoprotein

inhibitor that prevents electron flow, reduces lesion volume after SCI in adult rats [12].

However, while both of these inhibitors are effective in inhibiting ROS production by NOX,

neither is specific for the NOX2 isotype and have been shown to have activities on other,

non-NOX enzymes. Gp91ds-tat, on the other hand, specifically manipulates NOX2

activation. This 9 amino acid chimeric peptide attaches to the p47 PHOX binding site and

inhibits its association with gp91PHOX[20]. Previous studies have shown that gp91ds-tat

reduces neuronal damage and edema following TBI[18]

To date, the temporal and cellular expression of NOX isotypes in the spinal cord after injury

has not been clarified. Therefore, the aim of this study was to identify the temporal profile

and cellular localization of the NOX2, 3 and 4 in the normal and injured spinal cord.

Additionally, this study aimed to examine the functional impact of NOX2 utilizing the

NOX2 specific inhibitor gp91ds-tat.
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Methods

Animal Handling and Surgical Methods

Adult male Sprague Dawley rats (275 – 325g) were used for all experiments. Rats were dual

housed and received food and water ad libitum with a 12:12 hour light cycle. All

experiments complied fully with the principles set forth in the “Guide for the Care and Use

of Laboratory Animals” prepared by the Committee on Care and Use of Laboratory Animals

of the Institute of Laboratory Resources, National Research Council (DHEW pub. No.

(NIH) 85-23, 2985) and were approved by the Uniformed Services University IACUC.

Moderate contusion SCI was performed in rats that were anesthetized with ketamine/

xylazine (0.1ml/100g, I.P.; Characterization study) or isoflurane (4% induction, 2%

maintenance; NOX inhibition study). A moderate injury was induced using an Infinite

Horizons Impactor (160.7+/-10.4kdynes; Precision Systems and Instrumentation, Fairfax

Station, VA) positioned over the exposed spinal cord at vertebral level T-9. Sham injured

rats underwent the same experimental procedures, but received a laminectomy only.

Animals were allowed to recover on heating pads and received acetaminophen (200mg/kg)

in drinking water for 72 hours post-injury. Manual bladder expression was performed twice

per day until normal bladder expression returned.

Characterization of NOX

Immunohistochemistry

At 24 hours (n = 4 injured, 2 sham), 7 days (n = 4 injured, 2 sham), and 28 days (n = 5

injured, 1 sham, 1 naïve), rats were anesthetized (Euthasol, 0.22ml/kg, I.P.) and

intracardially perfused with 100 ml of 0.9% saline followed by 300 ml of 10% buffered

formalin. A 10mm section of spinal cord centered at the lesion epicenter, T-9, was then

dissected, post-fixed in 10% buffered formalin overnight and cryoprotected in 30% sucrose

for at least 48 hours.

Standard single or double fluorescent or DAB-based immunohistochemistry on serial 20 μm

thick coronal sections was performed as described previously [11]. Antibodies included

NOX2/gp91PHOX (1μg/ml, Abcam, Cambridge, MA), NOX3 (5μl/ml, Santa Cruz, Santa

Cruz, CA), NOX4 (1μg/ml, Abcam, Cambridge, MA), Iba-1 (Ionized calcium-binding

adapter molecule 1, micrgolia/macrophage specific marker; 1μg/ml, Wako, Richmond, VA),

NeuN (Neuronal nuclei, neuronal specific marker; 1:100, Millipore, Billerica, MA), GFAP

(Glial fibrillary acidic protein, astrocyte specific marker; 1:1000, Abcam, Cambridge, MA),

and CD11b (cluster of differentiation molecule 11B, microglia/macrophage specific marker;

2μg/ml, Serotec, Oxford, UK). It should be noted that a number of NOX specific antibodies

from a number of sources were tested. NOX antibodies have a history of lack of specificity

and fidelity. Each antibody was tested in conjunction with cell specific antibodies and with

western blotting to confirm that each resulted in appropriate, expected staining and expected

band sizes in western blots (data not shown), as described in our previous work[6].

Appropriate secondary antibodies linked to AlexaFluor dyes (Invitrogen, Carlsbad, CA)

were incubated with tissue sections for 1 hour at room temperature. Slides were
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coverslipped using mounting media containing DAPI to counterstain for nuclei (Vector

Labs, Burlingame, CA). For NOX3 immunohistochemistry, the Vector ABC kit with DAB

and/or NovaRed reaction products were utilized due to poor resolution with fluorescence

secondaries (Vector Labs, Burlingame, CA).

To ensure accurate and specific staining, negative controls were used in which the primary

antibody was not applied to sections from injured tissue, and only staining of cells that were

double-labeled with expected cell markers or had expected labeling patterns (i.e., classic

microglia morphology) was confirmed as positive labeling. Immunofluorescence was

imaged using an Olympus DP72 microscope with Olympus cell Sens microscopy software

(Olympus, Center Valley, PA) and the Hamamatsu NanoZoomer-RS Digital Slide Scanner

(Hamamatsu Photonics, Bridgewater, NJ).

NOX Inhibition

Treatment

Rats received either gp91ds-tat or scrambled peptide (solubilized in distilled, pathogen free

water; Anaspec, Fremont, CA) at 1mg/kgvia I.P. injection at 15 minutes, 6 hours or 7 days

post-injury (n = 4 per treatment per time point). Naïve rats (n = 2) were used to assess non-

injured responses in outcome measures and underwent no surgery or treatment.

At 24 hours post treatment, animals were anesthetized (Euthasol, 0.22ml/kg, I.P.) and

intracardially perfused with 100mL of 0.9% saline. A 10mm section of spinal cord centered

at the lesion epicenter, T-9, was dissected, weighed and homogenized in 20 vol T-PER

(Thermo Scientific, Waltham, MA) containing 0.1% Halt Protease Inhibitor Cocktail

(Thermo Scientific, Waltham, MA). The tissue was then centrifuged at 15,000 rpm for 10

minutes, after which the pellet was discarded. The protein content of the supernatant was

determined using Coomassie Plus Protein Assay Reagent (Thermo Scientific, Waltham,

MA).

Cytokine Expression and Oxidative Stress Detection

A Rat Proteome Profiler Cytokine Antibody Array kit (R&D Systems, Minneapolis, MN)

was used to determine the relative expression of 29 cytokines and chemokines. 250-500μL

of protein lysates were analyzed per sample, and expression values were normalized to

controls in the array as per the manufacturer’s instructions.

Carbonylation of proteins, as a measure of oxidative stress, was determined using the

Oxyblot kit (Millipore, Billerica, MA). 15μg of protein isolated at 24 hours post-treatment as

described above was used for the Oxyblot kit using the provided reagents as per the

manufacturer’s instructions. The samples were loaded into precast polyacrylamide gels,

subjected to gel electrophoresis and transferred to nitrocellulose membranes. Carbonylation,

which occurs when carbonyl groups are introduced into proteins during periods of oxidative

stress, was visualized with a Fujifilm LAS 3000 (Fujifilm, Stamford, CT), and subsequently

analyzed using Image J (NIH, Bethesda, MD). Band densities were normalized to β-actin

(Abcam, Cambridge, MA).
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Western blot

Twenty-five μg of protein from samples obtained 24 hours after a 6 hour post-injury

treatment were run in an SDS polyacrylamide gel electrophoresis and blotted onto a

nitrocellulose membrane. The blot was then probed with antibodies against CD11b (2:1000,

single band at 50kD), NeuN (2:1000, double band at 47 and 66kD) and GFAP (2:10,000,

single band at 70kD). Immune complexes were detected with appropriate secondary

antibodies and chemiluminescence reagents (Pierce, Rockford, IL). COX-IV (Mitochondria

complex IV, 16kD, 1:1000, Abcam) was used as a control for gel loading and protein

transfer. NIH Image J was used to assess pixel density of resultant blots for quantitation.

Statistics

Quantitative data are presented as mean +/- standard error of the mean. All assays were

performed by an investigator blinded to treatment group. Proteome Profiler data are

presented as pg/ml and were analyzed using repeated t-tests within each group. Oxyblot data

were analyzed using one-way ANOVA with Tukey post-test. All statistical tests were

performed using the GraphPad Prism Program, Version 5.0 for Windows (GraphPad

Software, San Diego, CA). A p value < 0.05 was considered statistically significant.

Results

NOX isotypes were evaluated in tissue from sham or naïve rats or from rats that had

received a SCI 24 hours, 7 days or 28 days previously. H&E tissue staining showed an

evolution of the lesion over time (Fig. 1). Tissue showed an initial swelling, followed by

slight cavitation and tissue disorganization, then larger cavitation at 28 days post-injury. All

measurement of NOX isotypes were made in the dorsal column white matter or dorsal horn

gray matter of the lesion epicenter and perilesional region (+/- 1 – 3 mm rostral/caudal from

epicenter) (Fig. 1). Because no marked differences were observed in sham tissue over time

or in comparison to naïve tissue, all sham and naïve tissue has been combined into one

group to reduce animal number requirements, and is referred to as ‘naïve’ in figures.

Microglia/Macrophages show NOX2 and NOX4 expression

Iba1+ cells, representing both microglia and macrophages, were positive for NOX2 only in

injured spinal cord (Figure 2), not in naïve tissue. Colabeling of NOX2 and Iba1 increased at

7 days post-injury, but was reduced by 28 days post-injury. Because available NOX4

antibodies were produced in the same species as Iba1, an alternative microglia/macrophage

marker, CD11b, was utilized for double-staining with NOX4. CD11b+/NOX4+ cells were

faintly seen in uninjured spinal cord and increased by 24 hours, but were no longer observed

by 7 or 28 days post injury (Figure 3). NOX3+ was not found to be co-expressed on Iba1+

cells (data not shown).

Neurons show NOX2 and NOX3 expression

NeuN+ cells were also NOX2+ and NOX3+in both injured and uninjured spinal cord

sections (Figure 4), but not NOX4+ (data not shown). Injury led to a loss of NeuN+ cells at

the lesion epicenter24 hours and 7 days post-injury, so that double-labeling for NOX2 was
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not observed. However, in regions caudal to the lesion epicenter, NeuN+/NOX3+ cells were

observed at all time points post-injury (Figure 4).

Astrocytes show NOX2 and NOX4 expression

GFAP positive cells in spinal cord sections were NOX3- (data not shown), but NOX2+ and

NOX4+. The relative density of GFAP+/NOX2+ cells was elevated at 24 hours and 7 days

post-injury in comparison to uninjured tissue, and decreased by 28 days (Figure 5). GFAP+/

NOX4+ remained consistent over time (Figure 6).

Inhibition of NOX2 after Spinal Cord Injury Reduces Inflammation and Oxidative Stress

NOX2 inhibition after SCI was found to have no significant effect on the neuronal or

astrocytic population in the injured tissue at 24 hours after injury (Fig. 7). However,

treatment with gp91ds-tat at 6 hours resulted in a significant reduction in the microglia/

macrophage marker CD11b at 24 hours post-injury (Fig. 7), suggesting an early anti-

inflammatory effect of the treatment.

In support of this data, inhibition of NOX2 using gp91ds-tat resulted in significant

suppression of several pro-inflammatory cytokines. Analysis of the Proteome Profiler

indicated reduced cytokine expression when gp91ds-tat was administered at 15 minutes

post-injury and assessed at 24 hours post-injury, with significant reduction in 13 of the 29

cytokines and chemokines represented (Figure 8). Gp91ds-tat administration at 6 hours and

7 days post-injury did not result in significant differences in cytokine expression (data not

shown).

Assessment of oxidative stress using the Oxyblot protein assay demonstrated that SCI

induced a marked increase in carbonylation of protein in comparison to naïve tissue.

Gp91ds-tat treatment at 15 minutes and 7 days post-injury induced a trend toward reduction

this response, measured 24 hours after treatment. However, treatment at 6 hours resulted in a

significant reduction in carbonylation of proteins at 24 hours after treatment (Figure 9).

Discussion

We now demonstrate that NOX isotypes are expressed in a variety of cell types in the spinal

cord and this expression is dependent on injury status. Of the NOX isotypes studied, all were

identified in spinal cord before and after injury. While NOX2 was found in all cell types

investigated, NOX4 was expressed in both astrocytes and microglia, but not in neurons,

while NOX3 was positively identified only in neurons. NOX3 may also have been present in

microglia, but staining confirmation was complicated. NOX2 was the most responsive to

injury, increasing post-injury in microglia and astrocytes.

Previous work has demonstrated an increase in NOX expression after spinal cord injury [11,

13, 21], with an increase through 6 months after injury in rodents [12]. ROS production has

been reported from 6 hours to several months post-injury in humans [21, 22]. In the current

study we observed the biggest increases in expression of NOX2 at 7 days post-injury, and

up-regulation was maintained through 28 days post-injury.
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In this study, the qualitative degree of NOX2+/Iba1+ cells was increased in the spinal cord

after injury, with a peak in expression at 7 days post-injury and continued expression at 28

days post-injury, which is in agreement with previous studies [10-12]. Interestingly, NOX2

was not observed in resting microglia in the spinal cord, unlike in brain, where NOX2 was

observed in naïve and injured tissue[6]. This may reflect a regional difference in NOX

expression in microglial cells. It is also important to note that Iba1does not distinguish

between microglia and macrophages, so observed changes in NOX expression may be a

result of either endogenous microglia or invading macrophages.

Like microglia, neurons also express NOX2. Because of the loss or damage of neurons in

the lesion epicenter at 24 hours and 7 days after injury, double labeling of NeuN and NOX2

was not observed, but NeuN+/NOX2+ cells were observed at 28 days post-injury. NOX3, on

the other hand, was found to be expressed in neurons constitutively, regardless of injury

state. In spinal cord tissue, NOX2 has been previously reported in neurons, and this

expression has been noted to increase with LPS stimulation [23]. Functionally, neuronal

NOX2 has been shown to contribute to both intra- and extracellular release of ROS

following NMDA stimulation [7, 24], while NOX3 plays a role in induction of apoptosis of

neurons in the inner ear in response to stress[25].

Astrocytic NOX expression was restricted to the NOX2 and 4 isotypes. Functionally, NOX2

has been shown to play a role in potentiating inflammation and enhancing the release of

matrix metalloproteins[26], while the function of NOX4 in astrocytes is unclear[27]. After

spinal cord injury, NOX4 was observed at all time points and in naïve tissue.

Inhibition of NOX activity, through non-specific approaches using apocynin or specific

inhibitors of NOX2, has been shown to reduce neuronal death after SCI [23, 28], TBI [17,

18], and cortical ischemia [29, 30]. Impellizzeri et al. [28] also demonstrated a marked

reduction in pro-inflammatory cytokines and neutrophil invasion and a significant

improvement in motor function after SCI in mice following acute administration of the non-

specific NOX inhibitor apocynin. Inhibition of NOX activation in microglia, via

administration of apocynin or knockout of the p47PHOX subunit, not only reduces

inflammatory responses, but polarizes microglia into the M2 or alternative activation

phenotype [31], which may have marked therapeutic implications. In addition, specifically

targeting NOX2 via knockout also reduces neuronal death in a rodent TBI model [10].

Further, 10 mg/kg pretreatment with the NOX2 specific inhibitory peptide gp91ds-tat

significantly diminished neuronal damage and edema following TBI[18]. In agreement with

these studies, we now show that a 1 mg/kg dose of gp91ds-tat can greatly reduce pro-

inflammatory cytokine expression as well as oxidative modification following SCI. It is

currently unclear if the other NOX isoforms play a significant role in post-injury

inflammation and cellular damage, but our results and other suggest that targeting NOX2

specifically can reduce these effects. Future work will explore the contribution of the other

isoforms in SCI secondary damage.

NOX activation in microglia/macrophages can exacerbate the post-injury inflammatory

response via activity on transcription factors that ultimately increase pro-inflammatory

cytokine expression [32, 33]. These pro-inflammatory cytokines are short lived: up-
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regulated within the first few hours post injury and returning to baseline within 1 day[34,

35]. As such, while our study only shows a significant decrease in pro-inflammatory

cytokines with treatment 15 minutes post-injury, it is possible that cytokine levels have

already dropped considerably when assessed after a 7 day treatment. Though the expression

tapers off very quickly, the acute increase in pro-inflammatory cytokines is responsible for a

spectrum of cytotoxic activities as well as the recruitment, proliferation and activation of

microglia to the injury site[36]. This is supported by our data demonstrating that 6 hour

post-injury NOX2 inhibition results in marked reduction in microglial/macrophage marker

expression in the injury site at 24 hours (Fig. 7). Further, one study found that following

spinal nerve transection in mice, CD11b mRNA expression was up-regulated 9-fold in the

wildtype, versus a mere 2-fold in NOX2-deficient mice[15]. This influx of microglia and

their activation at the injury site can then lead to further ROS damage and inflammation. It is

important to note that gp91ds-tat treatment at 1mg/kg 15 minutes post-injury significantly

reduced both M1 and M2 related cytokines, including IL1β, IL4 and IL10. This was a

somewhat unexpected finding, and suggests a global suppression in microglial number

rather than a specific inhibition of one particular phenotype of cell. Administration of

gp91ds-tat in TBI studies has been shown to reduce immunolabeling for microglial cells, but

phenotypic orientation or priming was not evaluated [18]. However, future research is

necessary to investigate this effect in more detail.

In addition to its effects on cytokine expression, the gp91ds-tat treatment also resulted in

decreased oxidative stress at all three time points, as measured by carbonylation of proteins.

The data show a trend for reduction at 15 minutes and 7 days, and a significant difference

within the 6 hour group. Previous literature has found an increase in oxidative activity 12-48

hours and 1 week post SCI, with a peak at 24 hours[21]. Based on our immunostaining

work, it is clear that the largest number of activated microglia, as well as the highest

expression of NOX2, occurs at 7 days post injury. Though treatment at 7 days post-injury

decreased ROS production and protein carbonylation slightly, this time point may have been

too late to prevent much of the oxidative modification. Moreover, due to the high level of

NOX2 activation, the dosage may not have been adequate to sufficiently suppress ROS

production. Future work will further pursue this avenue.

It is important to note that NOX2 is not the only source of ROS in the spinal cord, and our

work now shows that NOX3 and 4 may play a role in oxidative stress following injury.

However, inhibition of just NOX2 at 6 hours post injury did significantly reduce ROS

production, suggesting that NOX2 activity is accountable for a notable portion of the

oxidative damage.

Conclusion

In summary, we now show that NOX isotypes have a temporal and cellular dependence that

has not been observed previously. These differences in expression suggest different

mechanisms of activation of the isotypes in each cell. In addition, we report that inhibition

of NOX2 through gp91ds-tat treatment following SCI reduces free radical production as

well as pro-inflammatory cytokine expression, which may have important therapeutic

implications.
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Figure 1.
Evolution of the spinal cord injury. H&E stained spinal cord tissue prior to injury (A) and at

24 hours (B), 7 days (C) and 28 days (D) after a moderate contusion injury in the adult male

Sprague Dawley rat. Areas assessed are outlined in the dashed line. Panel E demonstrates a

longitudinal section of injured spinal cord to indicate ‘lesion’ (dotted line) and ‘perilesional’

(solid line) regions. Bar = 1mm (A – D); 2mm (E).
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Figure 2.
Microglia/macrophages expressed NOX2 in the spinal cord at the lesion epicenter, within

regions formerly occupied by white matter. Cells labeled with the microglial marker Iba1

(green) were positive for NOX2 (red, arrows) in injured spinal cord tissue. NOX2 staining

increased by 7 days-post injury, but decreased by 28 days. Bar=300μm.
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Figure 3.
Microglia/macrophages expressed NOX4 in the spinal cord at the lesionepicenter, within

regions formerly occupied by white matter. Both naïve and injured animals had CD11b

positive (green) and NOX4 positive (red) cells (arrows). When merged, colabeled cells were

yellow. To demonstrate consistent microglia/macrophage labeling with CD11b, adjacent

sections were immunolabeled with Iba-1 and imaged at the same magnification,

demonstrating similar labeling patterns. Bar= 50μm.
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Figure 4.
Neurons in the spinal cord expressed NOX2 and NOX3 in the dorsal horns 3mm caudalto

the injury site. NOX2 (red) positive cells were also NeuN+ (green, arrows) in naïve and 28

day injured spinal cord tissue (A; bar = 50μm). NeuN positive cells (red) were found to

express NOX3 (green) at all time points post-injury, with no obvious change in expression

profile. Image B shows the gray matter 3mm caudal to the injury site at 28 days post-injury;

bar = 1mm).
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Figure 5.
Astrocytes in the spinal cord were NOX2 positive in the spinal cord 3mm rostral to the

lesion site, in white matter regions. GFAP (green) positive cells were also stained with an

antibody against NOX2 (red; arrows) in naïve tissue and at 24 hours, 7 days and 28 days

post-injury. Qualitatively, there appeared to be an increase in GFAP+/NOX2+ cells by 24

hours and 7 days post-injury that decreased by 28 days post-injury. Bar=20μm.
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Figure 6.
Astrocytes in the spinal cord were NOX4 positive in the spinal cord 3mm rostral to the

lesion site, in white matter regions. GFAP+ (green) and NOX4+ (red; arrows) cell presence

was consistent in injured and uninjured spinal cord tissue. Bar=20μm.
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Figure 7.
NOX2 inhibition alters acute microglial response without significantly altering other cellular

presence. Western blot analysis of neuronal (A), astrocytic (B) and microglial (C) markers at

24 hours after gp91ds-tat treatment at 6 hours post-injury shows no significant effect of

treatment on neuronal or astrocyte presence, but a significant inhibition of microglial

markers. Bars represent mean +/- SEM. Blots are representative of an n of 4/group.
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Figure 8.
Quantitative analysis of relative cytokine expression in rats treated with 1 mg/kg gp91ds-tat

or scrambled peptide 15 minutes following moderate contusion SCI. Two groups of

cytokines were found: (A) high-expressing proteins, with more than 15pg/ml concentrations,

and (B) low-expressing proteins, with expression of less than 5pg/ml. Significant reductions

in several cytokines were observed, particularly in the low expression group (B); overall 13

cytokines were found reduced with gp91ds-tat treatment. N = 4/group, *p < 0.05.
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Figure 9.
Quantitative analysis and representative blot of carbonylation modification via oxyblot of

rats treated with gp91ds-tat or scrambled peptide at 15 minutes, 6 hours, and 7 days

following a moderate contusion SCI. Injury demonstrated a marked increase in oxidative

damage in comparison to naïve tissue. Gp91ds-tat induced a trend for decreased oxidative

modification in all three groups. A significant (*) reduction can be observed in the 6 hours

group. N = 4/treatment/group. *p<0.05.
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