
Vascular and inflammatory factors 

in the chronic pathophysiology of 

blast-induced brain injury



Blast Animal Model in Rats

•Blast intensity 

in relation to 

AOC/LOC

•Blast intensity 

in relation to 

pathology



Rodent Model: No Obvious Pathology
No obvious CNS pathology (H&E, APP, GFAP, Cupric Silver, etc.)

Figure 4: APP immunohistochemistry - frontal overpressure exposure: 
APP immunohistochemistry is seen with animals exposed to 12 sessions of 36.6 kPa blast overpressure exposure (A, B, E, F, I, J, M, N) vs. SHAM injured controls (C, D, G, H, K, L, 
O, P). Photomontages of multiple photomicrographs of frontal (A, C), mid (E, G), and posterior (I, K) portions of the cerebru m are shown in coronal section. Sagittal 
photomicrograph of the brainstem is seen in plates M and O. Magnifications of corresponding boxes within photomontages are seen in plates B, D, F, H, J, L, N, and P. Within 
all of the plates, no evidence of traumatic injury or difference between experimentally injured and SHAM injured controls is seen.

Ahlers et. al., Frontiers Neurotrauma 2012
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• 1 BOP exposure per day (facing or side orientation)

• Isoflurane anesthesia during BOP exposure

Repeated Low-intensity Blast Exposure



• Blast induction of PTSD related traits

• Blast and Ab production

• Blast-related vascular pathology and its 

possible relationship to inflammation



The problem of distinguishing PTSD 

from mTBI

PCS PTSD

Hypervigilance

Increased arousal 

Flashbacks 

Avoidance

Headaches 

Dizziness 

Balance

Depression

Anxiety

Irritability

Poor sleep

Fatigue

Mild cognitive

complaints

Moderate-severe TBIs recognizable by cognitive deficits 

(Neuropsych mTBI = PTSD)

Overlapping symptoms



3 x 74.5 kPa blast exposures

Tested six months after blast exposure

Anxiety in EZM

Increased acoustic startle

Enhanced response

cued fear

Before

During

3 days after

Response to predator scent 

(center time, open field)
Blast exposure induces PTSD 

related traits



Blast exposure induces stathmin 1 in 

the amygdala

C = control

B= blast exposed
Stathmin expression (Allen brain atlas)

stathmin 1 



DNA Methylation Profiling of 

Blast-related TBI using

expanded reduced representation 

bisulfite sequencing on sorted

neuronal (NeuN+) and glial 

(NeuN-) populations from rats

8 months following blast 

exposure. 

Haghighi et al.  

Journal Neurotrauma

32: 1200, 2015. 

glia neurons
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-Methylation site 

changes in 458 neuronal and 

379 glial genes

-Pathways effected enriched

for:

cell death and survival, 

nervous system 

development and function, 

transforming growth 

factor β (TGF- β)

nitric oxide signaling.
-Gene expression analysis of 

30 differentially methylated 

neuronal and glial genes 

showed correlation with 

methylation. 

Haghighi  et al.  Journal Neurotrauma 32: 1200, 2015



Arch Neurol 64: 541 (2007)

Blast-related TBI and chronic neurodegenerative diseases:

could there be a connection to elevated Ab?
-Ab is elevated

after TBI in humans

-Plaques appear 

within hours of

a severe TBI

Loane et al. Nature Medicine, 15: 377 (2009)

-Ab is increased in impact animal models 

of TBI (controlled cortical impact, weight 

drop).

-Mice that are unable to generate Ab

(BACE KO) show less cortical volume 

loss and less impairment in a spatial 

memory tasks



Brain Ab 42 is decreased following blast 

exposure in rats



Brain Ab 40 and 42 are decreased 24 hr 

following blast exposure in mice (147 kPa)



APP levels are elevated in rats following blast

at 24 hours and one week



No change in levels of BACE 1 or presenilin-1



Blast-related tauopathy?



Blast-related vascular pathology



Single 74.5 kPa blast 

exposure, sacrificed 

24 hours later. 

Controls

Blast



Controls

Blast

Three 74.5 kPa 

blast exposures,

sacrificed 

24 hours later
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Controls
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24 hours later

Normal
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Blast exposure reduces glycocalyx 

thickness in capillaries
Rats, 12 x 40 kPa blast exposures spaced over 2.5 weeks;

sacrificed 24 hours after last exposure 



# # #

20% decrease in capillary glycocalyx 

thickness

Blast-related impairment 

in Morris water maze



Hyaluronidase infusion during blast exposure causes 

glycocalyx thickening and improves MWZ performance

SC HC

HBSB

Glycocalyx thickness

MWZ

control + saline control + hyaluronidase

blast + saline blast + hyaluronidase

B+H



-3 x 74.5 kPa blasts at

2 months age

-Collagen IV staining

10 months later without

pepsin

Chronic remodeling of 

the extracellular matrix 

after blast exposure



A vascular/inflammatory connection?
Chronic microglial activation

amygdala

Iba1
Vascular

Inflammation

Neuronal 

Dysfunction



Blast

exposure
Vascular

injury

Blood-brain barrier

dysfunction

Impaired glymphatic

flow

Neuroinflammation

Neurobehavioral

dysfunction

Blood CSF

dysfunction

Systemic

inflammation

Mechanical 

injury induced

inflammatory

mediators

Bidirectional signaling

????

Oxidative 

stress
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