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Abstract 

Traumatic brain injury (TBI) has been a leading cause of morbidity and mortality in recent conflicts in Iraq and Afghanistan due to the increasing use of roadside improvised explosive devices (IEDs).  However, the mechanisms of blast induced TBI are currently not known.  Here we investigated neuronal damage and changes in cell surface expression of glutamate receptors in the rat brain after blast.  Animals were exposed to 120 kPa blast wave in a pneumatic-pressure driven shock tube and observed for 1h, 24 h, 1 week and 3 weeks after blast.  At the end of each observation period, animals were euthanized and their brains harvested.  Frontal cortices and hippocampi of both sides of the brain were processed to separate synaptic membranes.  The expression of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor subunits on synaptic membranes were analyzed using western blot analysis.  Immunohistochemistry was used to investigate neuronal and glial degeneration in both sides of the hippocampi, cortices and white matter.  Results showed that the synaptic expression of AMPA receptor subunits, GluR1 and GluR2, were dramatically reduced as early as 1 h after blast injury. These changes became less significant 1 week after blast. At 3 weeks after blast, both GluR1 and GluR2 were significantly increased as compared to control.  Immunohistochemistry results showed that within 24 hours of blast, axonal damage was apparent in all brain regions examined, as stained by the neuronal marker Neurofilament H (NFH).  The blast-induced reduction in NFH staining persisted for at least three weeks.  In contrast, glial fibrillary acidic protein (GFAP) staining showed fluorescence intensity increased as early as 3 hours after blast and persisted for at least 3 weeks, indicating gliosis.  Together, results from these experiments indicate that at 120 kPa, the blast wave produces consistent brain damage in the rat.  Changes in the cell surface expression of glutamate receptors may contribute to neurodegeneration induced by blast.
1.0
Introduction
Increasing use of improvised explosive devices (IEDs) and other explosives during conflicts in Afghanistan and Iraq have led to mass casualties 
 ADDIN EN.CITE 

[1, 2]
. As a result, traumatic brain injury (TBI) caused by IEDs has become a major focus of casualty care in combat areas.  One of the confounding issues is that soldiers who initially had no immediate trauma from exposure to blasts are now showing signs of cognitive impairments and behavioural changes 
 ADDIN EN.CITE 

[1, 3]
.  For this reason, mild-to-moderate traumatic brain injury (mTBI) has garnered attention as one of the most significant injuries of the recent conflicts in these two countries.  Traditionally, it was believed that blast waves only affect air containing organs such as the lungs and the ear.  However, recent evidence shows that the brain is one of the most important organs affected by blast waves, although the exact mechanism(s) by which the blast wave damages the brain are still under investigation 
 ADDIN EN.CITE 

[4-10]
.  Recent reports have suggested several possibilities regarding how the blast wave is transmitted to the brain 
 ADDIN EN.CITE 

[8, 11]
.  These include acceleration of the head, direct passage of the blast wave via the cranium, and propagation of the blast wave to the brain via a thoracic mechanism 11[]
.  Moreover, these possibilities do not mutually exclude each other.  In addition to primary brain injury due to acceleration, blast waves can cause victims to fall or be struck by objects, resulting in secondary or tertiary injuries 12[]
.  There is currently no standard treatment for TBI or mTBI due to the complexity and the lack of understanding on the mechanisms of these injuries 13[]
. 

In blast-induced TBI, hippocampus and the frontal cortex are most vulnerable to blast damage 
 ADDIN EN.CITE 

[14, 15]
.  The most common types of damage are diffuse axonal injury, contusion, and subdural haemorrhage and hypoxia 
 ADDIN EN.CITE 

[14, 16]
. Collectively, these damages lead to biochemical and metabolic changes that eventually result in tissue damage and associated cell death 17[]
.  In addition to neurodegeneration, gliosis in the brain has been shown to exist in various models of TBI 
 ADDIN EN.CITE 

[10]
.  Gliosis happens as a result of inflammatory responses to blast damage and has been considered the hallmark of TBI 
 ADDIN EN.CITE 

[10, 13, 18]
.  

Glutamate and aspartate are the most important excitatory neurotransmitters acting in the central nervous system 19[]
.  Their interactions with specific membrane receptors, which are divided into NMDA, kainate, AMPA and metabotropic receptors, are responsible for many neurological functions such as cognition, learning, memory and sensation 20[]
. In addition, these receptors, especially NMDA and AMPA receptors, are involved in the developmental plasticity of synaptic connections in the nervous system 21[]
.  However, excessive glutamate release and consequent overstimulation of its receptors can lead to excitotoxicity.  The latter has been associated with a wide range of neurological disorders, including trauma and stroke damage, epilepsy, Alzheimer’s and Huntington’s diseases 
 ADDIN EN.CITE 

[22, 23]
.  Numerous reports showing massive glutamate release and subsequent over-activation of its receptors after various models of TBI have been published in the past 30 years 
 ADDIN EN.CITE 

[2, 24, 25]
.  Most current treatment strategies against TBI are based on the hypothesis that glutamate receptors are over-activated 2[]
, regardless of the model used to induce TBI.  However, NMDA or AMPA receptor antagonists rarely show effectiveness in clinical settings 26[]
, suggesting that other complicating factors exist during TBI. 

Glutamate receptor trafficking, especially that of the AMPA receptor subtype, has been shown to play critical roles in normal neurophysiology of the brain such as information processing, learning and memory 27[]
.  Most recently, there have been reports showing that AMPA receptor trafficking plays a role in brain pathology such as Alzheimer's disease, brain ischemic disorders, and stroke 
 ADDIN EN.CITE 

[28, 29]
.  Moreover, in a previous report, we have shown that GluR2 endocytosis is involved in NMDA-induced apoptosis in cultured rat hippocampal neurons and blockage of GluR2 endocytosis by a mimetic peptide of GluR2 C-terminus diminished NMDA-induced apoptosis in the same cells 
 ADDIN EN.CITE 

[30]
.  In the present report, we hypothesize that in addition to excessive glutamate release, cell surface expression of glutamate receptor subunits are also changed during blast induced TBI, therefore changing their efficiencies on the synapse.

2.0
materials and methods
2.1
Animal Preparation and Exposure to Blast
In conducting experiments with animals, the authors adhered to the principles set forth in the “Guide for the Care and Use of Laboratory Animals”, Institute of Laboratory Animal Resources, National Research Council, National Academy Press, 1996, and was approved by WRAIR/NMRC IACUC Committee.  Male Sprague-Dawley rats (250-300g) were anaesthetized with isoflurane (2% in air, 2.5 min in a sealed box) and exposed to blast.  To restrict body movement from the blast impact and prevent subsequent secondary blast injuries, animals were secured into a holder placed 30 cm inside the compressed air-driven shock tube with Mylar membranes rupturing at predetermined pressure thresholds 
 ADDIN EN.CITE 

[8, 31]
.   Animals were placed in such a way that the right side of the body facing the blast wave and subjected to blast with a mean peak overpressure of 120 kPa.  Control animals underwent the same anaesthetization procedure and placement in the shock tube, but were returned to their respective cages without exposure to a blast wave.  After blast exposure, animals were closely observed for 1h, 24 h, 1 week or 3 weeks before being sacrificed and their brains harvested.  For experiments involving immunohistochemistry, animals were euthanized at the end of each observation period and immediately perfused transcardially with 0.1 M ice-cold phosphate-buffer saline (PBS, pH 7.4) followed by 4% formaldehyde.  The brains were removed and post-fixed with 4% formaldehyde before histological preparations.  For experiments involving expression of glutamate receptors, animals were sacrificed at the end of each observation period and their brains removed and immediately placed in dry ice and stored at -800C until analysis.
2.2
Immunohistochemistry

Both sides of the rat brain were stained with antibodies against the axonal marker Neurofilament H (NFH),  the neuronal specific marker NeuN,  or the astrocyte marker glial fibrillary acidic protein (GFAP).  Briefly, fixed brains were dehydrated in 30% sucrose (dissolved in 0.1 M phosphate buffer) and frozen at -800C.  Coronal sections containing the hippocampus (30 µm thickness) were processed for sequential staining with antibodies against NFH (1: 500, Millipore), NeuN (1:500, Millipore), and GFAP (1: 500, Millipore).  At the end of the staining process, all slices were counter-stained with DAPI (Invitrogen) to view nuclei.  Stained brain slices were viewed with a Quorum WaveFX laser scanning confocal microscope and images were captured with a Hamamatsu EM-CCD camera.  Finally, captured images were stitched together using a module from MetaMorph to show structures of different brain regions.  Areas of interest were then cropped to include 100 µm sections for presentation.

2.3
Preparation of Synaptoneurosomes

Synaptoneurosomes (SN) are purified synaptic membranes that contain both the pre- and post- synaptic termini and enriched in post synaptic density protein 95 (PSD95) 
 ADDIN EN.CITE 

[32]
.  The procedure for making SNs was based on Williams et al. with slight modifications 
 ADDIN EN.CITE 

[33]
.  Briefly, frozen brains were thawed on ice; hippocampi and frontal cortices were dissected from both sides of the brain.  The dissected brain structures were then homogenized in HEPES buffer containing (in mM: HEPES 10, EDTA 1.0, Dithiothreitol 0.25 and sucrose 350) using a Teflon glass homogenizer (5 strokes for each homogenization).  Homogenates were centrifuged at 40C (1000 × g) for 10 min.  The resulting supernatants were then sequentially filtered through a 100 µm, an 8 µm and a 5 µm filter (Millipore).  The resulting filtrates were enriched with SNs, which were further characterized with antibodies against PSD-95 and tubulin using western blot analysis.
2.4
Western Blot Analysis

SNs or brain homogenates (10 – 15 µg protein) from various regions of the brain were separated on a 4–20% gradient pre-cast gel (Bio Rad, Mississauga, Ontario) and transferred onto polyvinylidene difluoride (PVDF) membranes.  The membranes were blocked with 5% skim milk, 0.1% Tween 20 in phosphate buffered saline and then probed with antibodies against GluR1, GluR2, NR2A or NR2B receptors (1:1000; Invitrogen) (overnight at 40C).  After washing, the membranes were incubated with a secondary antibody, donkey anti-rabbit or mouse IgG-HRP (GE Health Care Biosciences, Quebec, Canada) diluted 1:5000. Detection was carried out by using ECL advanced detection reagents (GE Health Care Biosciences, Quebec, Canada) and imaged using a Molecular Imager VersaDoc MP 4000 system (Bio-Rad Laboratories, Mississauga, ON, Canada).  To confirm equal protein loading, blots were re-probed with anti-pan-actin antibody (1:1000; Cell Signaling, Massachusetts, USA).  In some cases, the anti-pan-actin antibody did not yield satisfying bands and an antibody against the pre-synaptic protein SNAP-25 was used as a loading control.  

2.5
Data Analysis

Western blot bands corresponding to each receptor subunit or pan-actin and SNAP-25 were identified and quantified for optical density using the Quantity One software (Bio-Rad Laboratories, Mississauga, ON, Canada).  The ratio between optical densities of each receptor subunit and pan-actin  or SNAP-25 was then calculated and normalized against control (the ratio for control arbitrary set at 100%).  One-way analysis of variance and post hoc Tukey’s multiple comparison tests were used to examine the statistical differences between groups.
3.0
Results
3.1
Blast-Induced Neurodegeneration and Gliosis

Digital pictures of rat brain were taken immediately after the rat was sacrificed to view gross anatomy of the brain.  As shown in Figure 1, there were no apparent damages or haemorrhage on the surface of the brain after various period of blast.
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Figure 1: Digital pictures of rat brain at various time points after blast injury. 
To examine possible brain damages at the molecular level, coronal sections of the brain containing both sides of the hippocampi were stained with the neuronal markers NFH and the glial marker GFAP after various periods of blast exposure.  Results showed that although the rat is blasted from the right side, brain damages were apparent on both sides of the brain.  For the ease of illustration, only one side of the staining was shown in the subsequent illustrations for  immunohistochemistry.  

A representative confocal scan of the brain region containing the whole hippocampus stained with NFH, GFAP and DAPI was shown in figure 2.  This image was acquired with a Hamamatsu EM-CCD Digital camera under 40 × immersion oil objective.   Although it lacks details in the structure of individual cells, areas of changes in the brain will be spotted easily as changes in the intensity of flurosecence is visible in the image.  Upon identification of areas where changes are apparent, an image with higher resolution from areas of interests (AOI) can be zoomed in to examine fluorescence changes in detail (Fig. 2).
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Figure 2: Confocal image showing the whole hippocampus of a rat brain stained with NFH (red), GFAP (green) and DAPI (blue). A, B, C: enlarged images of AOIs a, b and c.
Neurofilaments (NFs) are constitutive proteins that are ubiquitously expressed along the axons of neurons.  Here, we used an antibody against the heavy chain of NF (NFH) to examine axonal damages in different regions of the brain.  Results showed that NFH staining was most abundant in the white matter and the cortex of the brain, although staining in the hippocampus is also visible.  As shown in Figure 3, fluorescence intensities of NFH were dramatically decreased as early as 24 h after blast exposure, and it lasted for at least 3 weeks after blast, especially in the cortex and white matter, indicating neurodegeneration.   
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Figure 3: Confocal microscopic images of various rat brain regions stained with NFH (red) at different time points after blast injury. Nuclei were counterstained with DAPI (blue).  CX = cortex; 
HP = hippocampus; WM = white matter. scale bar = 20 µm.  magnification: 400 ×.
Figure 4 shows staining patterns of the glial marker GFAP.  In contrast to the changes in NFH staining, GFAP showed a consistent increase from 24 h after blast exposure in all regions of the brain examined, indicating gliosis. Gliosis has been reported to exist in various forms of TBI.
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Figure 4: Confocal microscopic images of various rat brain regions stained with GFAP (red) at different time points after blast injury. Nuclei were counterstained with DAPI (blue).  CX = cortex;
HP = hippocampus; WM = white matter. scale bar = 20 µm.  magnification: 400 ×.
3.2
Changes in the Cell Surface Expression of Glutamate Receptors

Glutamate receptors are the major excitatory neurotransmitter receptors in the brain.  They are involved in normal brain functions such as learning and memory and brain malfunctions such as brain trauma and neurodegenerative diseases.  Like most cell surface receptors, glutamate receptors are only functional when they are expressed on the cell surface, whether it is synaptic or extra-synaptic.

In order to study changes in the cell surface expression of glutamate receptors, we performed multi-step filtrations of rat hippocampus and frontal cortex to isolate synaptoneurosomes.  Initially, SNs were prepared separately for the ipsilateral and contralateral sides of the brain structures, but results showed that there were no difference in the changes in any receptor subtype between the two sides.  Therefore,  results were pooled from both sides of the brains. 

As shown in figure 5, at 1 h after blast injury, both AMPA receptor subtypes, GluR1 and GluR2, were significantly decreased in SNs and homogenates as compared to control animals.  Similar changes were observed in both the hippocampus and the cortex.   In contrast, the changes in NMDA receptor subtypes, NR2A and NR2B, were not as dramatic as those of the AMPA receptors.  NR2A was decreased slightly but significantly in the SNs of the cortex but not in the hippocampus.  However, both NR2A and NR2B were reduced in the homogenates of the cortex and hippocampus.
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Figure 5: Changes in the expression of glutamate receptors in rat brain hippocampus and cortex 
1 h after blast injury.  SN = synaptoneurosomes; HMG = homogenates; C = control; B = blast.  
* p < 0.05 compared with control; ** p < 0.01 compared with control. Results 
represent Mean ± S.E.M. from at least four rats in each group.
At 24 h after injury, GluR1 and GluR2 expression in SNs remained decreased, with the exception of GluR2 in the cortex, which returned to control level (Fig. 6).  Interestingly, both receptor subunits in the homogenates recovered to control levels.  In contrast to the changes in GluR1 and GluR2, NR2A and NR2B are not significantly different from control levels in SNs in both the hippocampus and cortex, although they were significantly increased in the homogenates of the cortex.  Furthermore, the expression of NR2B in the homogenates of hippocampus was increased significantly, as compared with control.
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Figure 6: Changes in the expression of glutamate receptors in rat brain hippocampus and cortex 
24 h after blast injury.  SN = synaptoneurosomes; HMG = homogenates; C = control; B = blast.  
* p < 0.05 compared with control; ** p < 0.01 compared with control. Results 
represent Mean ± S.E.M.  from at least four rats in each group.
At 1 week after blast injury, GluR1 and GluR2 in SNs remained at control levels.  However, the expression of GluR2 in the homogenates of both the cortex and the hippocampus were dramatically increased compared to control (Fig. 7).  No changes were observed in the expression of NR2A and NR2B in either the cortex or the hippocampus at this time point (Fig.7).
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Figure 7: Changes in the expression of glutamate receptors in rat brain hippocampus and cortex 1 week 
after blast injury.  SN = synaptoneurosomes; HMG = homogenates; C = control; B = blast.  ** p < 0.01 
compared with control. Results represent Mean ± S.E.M.  from at least four rats in each group.
Figure 8 showed changes in the expression of glutamate receptors 3 weeks after blast injury.  In sharp contrast with earlier time points, the expression of GluR1 and GluR2 in SNs were dramatically increased as compared to control in both the cortex and the hippocampus.    
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Figure 8: Changes in the expression of glutamate receptors in rat brain hippocampus and cortex 
3 weeks after blast injury.  SN = synaptoneurosomes; HMG = homogenates; C = control; 
B = blast.  * p < 0.05 compared with control; ** p < 0.01 compared with control. 
Results represent Mean ± S.E.M.  from at least four rats in each group.
To summarize results obtained for glutamate receptor trafficking after blast injury, changes in the expression of AMPA receptors were much greater than those of NMDA receptors.  For AMPA receptors, they were decreased in both SNs and homogenates shortly after blast injury (within 24 h) but later they were dramatically increased 3 weeks after blast in the homogenates, which represent the total pool of receptors.  Moreover, the changes did not show selectivity towards a particular part of the brain structure (e.g., hippocampus vs cortex).

4.0
Discussion

4.1
Enrichment of Synaptic Proteins

In the present report, we utilized a synaptoneurosomal preparation to investigate changes in the expression of glutamate receptors after blast-induced neurotrauma in the rat.  Isolation of  synaptoneurosomes provides a selective enrichment of synaptic molecules such as PSD-95.  Previous reports have shown that synaptoneurosomes mostly contain pre-synaptic vesicles and postsynaptic entities, including neurotransmitter receptors 
 ADDIN EN.CITE 

[32, 33, 35]
.  The enrichment of postsynaptic receptors enables us to study changes in synaptic expression of neurotransmitter receptors, which is important because most receptors are functional only when they are expressed on the cell surface.  The SN approach has been employed by many laboratories to study gene expression and trafficking of neurotransmitter receptors 
 ADDIN EN.CITE 

[33, 34]
 . Without an appropriate synaptic preparation, changes in functional receptors in the brain are often masked in brain homogenates,  because changes in protein synthesis do not always occur after brain damage. Therefore, changes in receptors in SNs represent net trafficking of receptors towards or away from synapses.

4.2 
Blast-Induced Neurodegeneration and Gliosis in the Brain

Immunohistochemical studies revealed that neurodegeneration was apparent as early as 24 hours after blast exposure, as shown by the reduction in the fluorescent intensity in NFH staining.  In addition, the staining for GFAP was enhanced starting from 24 h after blast in all three brain regions examined (hippocampus, frontal cortex and white matters), indicating gliosis.  These findings are consistent with previous reports that neurodegeneration is a common pathology in various models of traumatic brain injury 
 ADDIN EN.CITE 

[13, 36]
. 

Neurofilaments are the most abundant cytoskeletal components of large myelinated axons in both central and peripheral nervous systems.  They are heteropolymers consisting of at least four subunits, a heavy (NFH), medium (NFM), light (NFL) chain and alpha-internexin  37[]
.  Their functions include increasing the conductivity of axons, contributing to the dynamic properties of axonal cytoskeleton during neuronal differentiation, axon outgrowth, regeneration and guidance 37[]
.  Disruption of the neurofilament structures has been implicated in a variety of neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS), Parkinson's  and Alzheimer’s diseases 38[]
.  Changes in the levels of neurofilaments in the brain have been considered a sign of neurodegeneration. The present report showed that the fluorescence intensity of NFH staining was dramatically reduced at all time points after blast exposure, indicating that neurodegeneration is evident as early as 24 hours after blast injury, and the loss of NFH on the axons may contribute to neuronal cognitive symptoms in patients suffering from TBI.  Furthermore, GFAP, a specific glial marker in the brain, was increased starting at 24 hours after blast in all three brain regions observed, indicating gliosis in these regions.  Long term gliosis is another indicator for neurodegeneration (Nagamoto-Combs et al., 2010).

4.3
Glutamate Receptor Trafficking after Blast

Glutamate excitotoxicity has been implicated in multiple pathological conditions, such as Alzheimer's disease, stroke, and traumatic brain injury 
 ADDIN EN.CITE 

[39]
.  In both experimental and clinical studies of TBI, a dramatic increase in the release of glutamate into the extracellular space has been found 
 ADDIN EN.CITE 

[40, 41]
.  The subsequent over-activation of glutamate receptors triggers a sharp influx of calcium into the cells 42[]
, causing brain damage.  Previous reports have shown that  calcium enters the cell through both NMDA and AMPA subtypes of glutamate receptors 43[]
, both of which are composed of heterodimers of their receptor subunits.  The subunit composition of  both NMDA and AMPA  receptors has significant impact on the outcome of receptor activation 
 ADDIN EN.CITE 

[44]
.  Therefore, it is important to clearly understand the different roles that the main subunits of NMDA and AMPA receptors play in excitotoxic injury, both through downstream signalling and through the modulation of subunit expression 
 ADDIN EN.CITE 

[39, 45]
.

In the current report, the hypothesis that synaptic expression of glutamate receptor subunits would be altered by blast exposure was supported by experimental data.  The synaptic expression of both GluR1 and GluR2 were dramatically decreased as early as 1 h after blast and the decrease lasted for up to one week.  Interestingly, both GluR1 and GluR2 were significantly enhanced 3 weeks after blast in the synaptoneurosomes of the frontal cortex and hippocampus. To the best of our knowledge, this is the first report to show changes in AMPA receptor trafficking after blast-induced TBI in animal models.

During basal excitatory synaptic transmission, glutamate binds to the extracellular domains of AMPA receptors and gates channel opening.  Opened AMPA receptor channels permit the entrance of sodium into the intracellular space, resulting in the depolarization of the synaptic membrane.  The depolarized synaptic membrane will then remove the magnesium block of NMDA receptor channels, allowing NMDA receptors to be activated 46[]
.  NMDA receptor activation is crucial for brain cognitive functions and cell survival.  Therefore, changes in the synaptic expression of AMPA receptors will lead to malfunctions and possibly cell death in the brain.  There are four subunits of AMPA receptors, GluR1-R4.  They usually form tetramers to form a complete functional receptor.  AMPA receptor trafficking is controlled by the c-terminus of the GluR2 subunit.  Because GluR1 often forms polymers with GluR2, it generally follows the trafficking patterns of GluR2 
 ADDIN EN.CITE 

[29]
.  Our results in the current report also showed similar trafficking patterns between GluR1 and GluR2 on the synaptic membrane after blast-induced neurotrauma, further proving that these two receptor subunits move into and out of the synaptic membrane together. Both decreases and increases in the synaptic expression of AMPA receptors have been implicated in the development of brain malfunctions.  In a previous report, we have shown that endocytosis of AMPA receptors causes cell death in cultured rat hippocampal neurons;  and blockade of this process by a mimetic peptide corresponding to the GluR2 c-terminus prevent NMDA-induced apoptosis 
 ADDIN EN.CITE 

[30]
.  More recently, it has been shown that GluR2 endocytosis mediated events may involve the activation of caspase-3 in the brain 
 ADDIN EN.CITE 

[47]
.  Based on our current findings that synaptic AMPA receptors were significantly reduced from 1 h after blast injury, it is plausible to speculate that reduction of synaptic AMPA receptors may contribute to neurodegeneration after blast injury in the rat.  On the other hand, previous reports have shown that in addition to mediating fast excitatory synaptic neurotransmission, some AMPA receptors are calcium permeable, and excess number of AMPA receptors are capable of inducing cell death through excessive calcium entry and subsequent calcium overload 48[]
.  Therefore, the fact that both GluR1 and GluR2 expression on the synapse were up-regulated 3 weeks after blast exposure suggest that the increase in AMPA receptors may contribute to long term neurodegeneration after blast-induced neurotrauma.

5.0
Summary and Conclusion

In conclusion, our present report shows that blast exposure causes significant neurodegeneration and gliosis in the hippocampus within 3 weeks after exposure.  Moreover, the synaptic expression of AMPA receptors was dramatically changed after blast.  These changes may contribute to neurocognitive, neurobehavioral and neurodegenerative abnormalities observed after blast injury.  The exact mechanism(s) by which blast induced AMPA receptor changes needs further investigation.   However, regardless of the exact mechanism(s), intervention in the AMPA receptor trafficking pathway may provide a novel therapeutic target to treat blast-induced neurotrauma in both military and civilian populations.
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