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Abstract  

Introduction: Primary blast injuries are a common cause of mild traumatic brain injury (mTBI) and are the leading cause of 

both closed and open-skull brain injuries. Following mTBI, astrocytic activation and reactive gliosis occur which results in an 

upregulation of various astrocytic markers such as glial fibrillary acidic protein (GFAP). These markers can act as biomarkers 

for patients with mTBI. This protocol will examine how primary blast injury affects the acute phase of astrocytic activation in 

male and female rats. 

Rationale: This experiment will determine the sex differences in astrocytic activation after male and female rodent mTBI to 

replicate the effects of primary blast injury resulting from improvised explosive device (IED) impact in humans. These 

injuries are the most common cause of concussions in deployed military personnel. Understanding sex differences in the 

extent of astrocytic activation and the time window between blast impact and initial activation will have implications for 

trauma treatment in the field to prevent excessive neurodegeneration. There is also a lack of research on the sex-specific 

acute astrocytic activation resulting from blast injuries. 

Methods: Adult male and female wild-type Sprague Dawley rats will be randomly assigned to (a) male sham, (b) female 

sham, (c) male mTBI, or (d) female mTBI group. After each rat is exposed to the primary blast injury, coronal sections of the 

brains will be collected. Flow cytometry and quantitative polymerase chain reaction (qPCR) will be used to analyze 

astrocytic gene expression. 

Expected Results: For the 48-hour duration following primary blast injuries, GFAP levels are expected to increase to 

different extents for both males and females. We expect this difference between males and females to occur due to hormonal 

suppression of astrogliosis in females. 

Discussion: The analysis of astrocytic activation among female and male rats caused by closed skull blast-specific injury will 

help to determine sex-specific treatments and therapeutic applications for injured military soldiers.  

Conclusion: This study will allow for a greater understanding of sex differences in astrocytic activation, which may benefit 

treatment plans for mTBI patients. 
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injury; closed-skull injury; sex differences 
 

 

Introduction 

Astrocytes are the most abundant cell in the mammalian 

human brain [1] and participate in synapse formation, 

plasticity, and homeostasis [2]. Mild traumatic brain injuries 

(mTBIs), namely concussions, involve a period of 

unconsciousness and loss of memory, and they can impair 

the brain’s cellular energetic metabolism [3,4]. Following 

mTBI, astrocytes often undergo reactive gliosis, in which 

astrocytic activation initiates certain physiological responses 

such as inflammation [5]. During astrocytic activation and 

reactive gliosis, there is an increase in the production of 

intermediate filament proteins and changes in the gene 

expression (refer to Table 1) [6]. Proteins such as glial 

fibrillary acidic protein (GFAP) act as biomarkers for 

patients with mTBI [7]. For this reason, astrocytic biomarker 

gene expression and its associated protein concentration 

levels are known to increase after traumatic brain injuries 

[8]. These changes in the gene and morphological hallmarks 

of astrocytes can cause significant functional changes for 

stroke, trauma, epilepsy, Alzheimer’s disease, and other 

neurodegenerative diseases [6]. 

One common injury associated with mTBIs is blast 

injuries although they have not been well investigated [9]. 

Blast injuries can be classified into primary, secondary, 

tertiary and quaternary blast injuries [9]. Primary blast 

injuries involve traumatic brain injury from blast waves 

moving throughout the body; secondary blast injuries are 

explosive injuries that cause ballistic trauma from the 
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explosive device or the environment; tertiary blast injuries 

result from displacement from the blast wind; finally, 

quaternary explosive injuries are caused by burns, toxins, or 

radiological contamination [9]. As primary blast injuries are 

the leading cause of both closed and open brain injuries in 

military personnel [9], this protocol will use a rat model to 

explore the impact of primary blast injury on acute phases 

of astrocytic activation. 

 

Rationale 

Rodent models are most commonly used to study 

astrocytic activation in response to mTBI in humans. 

Rodent models and in-vitro experiments have linked 

neurodegenerative diseases with the inflammatory 

responses resulting from acute astrocytic activation 

following mTBI [5]. Understanding the extent of astrocytic 

activation and the time window between blast impact and 

initial activation will have implications for military trauma 

treatment in preventing excessive neurodegeneration. 

Focusing our investigation on the sex differences in 

astrocytic activation among rodents and the use of 

improvised explosive devices (IEDs) are justified below.  

Sex differences were considered because the current 

literature only looks at astrocytic activation in male rodents 

due to confounding variables experienced by female 

rodents, such as their monthly hormonal cycle. However, 

significant differences in activation could potentially have 

implications in male and female mild mTBI outcomes, such 

as survival and cognition which have previously been 

reported [10]. Therefore, to further explore these  

differences, female rats were incorporated into this 

study.  Since ‘ideal’ biomarkers may differ between males 

and females [11,12], they could be used to improve 

therapeutic interventions, therefore optimizing patient 

recovery and increasing treatment success rates.  

Blast injuries from IEDs are the most common cause of 

concussion among military service members deployed to 

Iraq and Afghanistan [13]. Explosive blasts and missile 

attacks can result in a traumatic brain injurt (TBI) even if 

the head does not collide with an object [13,14]. This may 

prove valuable to field medics and rescue teams sent to 

retrieve soldiers from missile and explosive blast attacks. 

Furthermore, the acute phase of injury could be an 

important time for therapeutic intervention. Uncontrolled 

neuroinflammation plays a major role in the pathogenesis 

of various disease processes, which could potentially also 

drive progressive neurodegeneration [5]. 

Methods 

Animals 

Adult male and female wild-type Sprague Dawley rats 

will be randomly assigned to one of four groups: a) male 

sham, b) female sham, c) male mTBI, and d) female mTBI. 

Within each intervention group, rats will be further divided 

into 6 subdivisions to indicate the time of euthanasia post-

blast injury. Rats will be kept under normal living and 

feeding conditions prior to the injury. Rats will be housed 

in standard laboratory cages on a 12-hour light/dark cycle 

and at a controlled temperature of 22 ± 1ºC [15]. Rats will 

undergo a 7-day period of handling acclimatization prior to 

the blast exposure [16]. This is done to ensure the safety of 

the research team and to protect the welfare of the animals. 

 

Tissue Processing 

On the day of the blast injury, rats will be put under 

general anesthesia using isoflurane gas [17,18], and a single, 

primary-grade blast injury will be administered using a blast 

nozzle [19]. Sham groups will also receive anesthesia and be 

placed in the blast compartment, but they will not receive 

the blast exposure. At 0 hr, 1 hr, 6 hrs, 12 hrs, 24 hrs, and  

48 hrs post-blast injury, carbon dioxide (CO2) inhalation will 

be used to euthanize the rats [18] and coronal sections of 

brains will be collected immediately afterwards (Figure 1). 

 

Tissue Collection & Analysis 

To quantify this activation, flow cytometry and 

quantitative polymerase chain reaction (qPCR) will be used 

to measure the expression of astrocytic biomarkers. 

Astrocytes will be collected at time points listed above by 

flow cytometry. Brain cell cultures will be centrifuged, 

separated from the supernatant, and resuspended in a buffer 

solution before being injected into the flow cytometer for 

astrocyte identification [20]. Once astrocytic cell cultures 

are identified and isolated, they will be centrifuged, and the 

resulting cell pellets will be collected for qPCR. A genomic 

deoxyribonucleic acid (DNA) kit will be then used to 

extract astrocytic DNA, and qPCRs will be performed using 

a SYBR Green polymerase chain reaction (PCR) master 

mix kit [21]. Primers will be designed to amplify the genes 

outlined in Table 1. Emitted fluorescence for each sequence 

will be measured and graphed as a standard curve, with 

emitted fluorescence on the y-axis, the number of qPCR 

cycles on the x-axis, and the CT threshold fluorescence 

value as the horizontal crossing point for each linear 

regression [21]. 
 

 
Figure 1. A flowchart summarizing the study methodology. Red sections indicate the process of group randomization, blue 

sections highlight the methods used for tissue processing, and green sections indicate techniques used for tissue collection 

and analysis. This figure was created using Microsoft PowerPoint. 
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Table 1. Potential markers of reactive astrocytes [22] 

 

Marker Function 

Cytoskeleton 

GFAP Intermediate filament 

Nestin Intermediate filament 

Synemin Intermediate filament 

Vimentin Intermediate filament 

Metabolism 

ALDOC Glycolytic enzyme 

BLBP/ FABP7 Lipid transport 

MAO-B Catecholamine 

TSPO Mitochondrial lipid transporter 

Chaperones 

CRYAB Chaperone activity 

HSPB1/HSP27 Chaperone  

Secreted Proteins 

C3 Complement factor 

CHI3L1/ YKL40 Unclear function 

Lcn2 Iron trafficking protein 

Serpina3n/ACT Serine protease inhibitor 

MT Metal Binding 

THBS-1 Synaptogenic factor 

Cell Signalling (Transcription Factors) 

NFAT Transcription factor 

NTRK2/ TrkB 

IL17R 
Receptors 

S100B 
Ca2+ binding protein for cell 

signalling 

SOX9 Transcription factor 

STAT3 Transcription factor 

Channel Transporters 

EAAT1 & 2 Glutamate transporters 

KIR4.1 K+ channel 

 
Results 

Between 0 and 48 hours following the blast injuries, 

the expression of astrocytic biomarkers in both male and 

female sham groups are expected to remain constant 

throughout this time period while the expression of all 

astrocytic biomarkers in both male and female TBI groups 

are expected to increase [2]. However, the expression level 

of each biomarker is expected to differ between genders. 

The current literature shows that males often have a higher 

level of expression compared to females [23]. 

While male humans often recover faster from mTBI 

[24], animal models have consistently demonstrated better 

recovery and fewer post-mTBI complications among 

female test subjects [25]. As mentioned previously, 

astrogliosis following mTBI triggers certain physiological 

responses such as neural tissue inflammation. 

 

Discussion 

The current literature does not specify whether 

astrocytic responses to blast injury diseases are sex-

specific, as most papers only study the effects of blast 

injuries on astrocytes in male animals [17,18]. 

Nevertheless, quantifying astrocyte-mediated inflammatory 

responses between sex will have valuable implications in 

trauma treatment for head injuries. While this difference 

has not been investigated, the current literature supports the 

hypothesis that males and females will respond differently 

to acute brain damage due to their differences in hormonal 

secretion. Studies have shown that gonadal hormones have 

neuroprotective properties to counter inflammatory 

responses [24]. Estrogen and progesterone specifically have 

been linked to reduced water retention and edema in the 

brain following mTBI [24]. Since females often have higher 

levels of estrogen and progesterone, the hormonal 

suppression of astrogliosis in females will likely affect 

astrocytic biomarker expression levels. Ultimately, it may 

produce different mTBI outcomes compared to males. 

In addition, most of the current literature only looks at 

the long-term effects of astrogliosis following mTBI or the 

effect of astrogliosis in neurodegenerative diseases such as 

Alzheimer’s. Very few studies focus on acute astrocytic 

activation and its immediate impact on the body and brain. 

As this paper specifically focuses on blast-injuries, this 

mimics the injuries most commonly experienced by 

deployed military personnel [13]. Understanding the effects 

of acute inflammation from blast-induced mTBI would be 

beneficial for field medics in treating and triaging injured 

soldiers. The literature suggests that uncontrolled 

neuroinflammation contributes significantly to pathogenesis 

and progressive neurodegeneration [5]. Thus, investigating 

the extent of astrogliosis and subsequent inflammation in 

the acute injury phase will dictate the time period for 

optimal therapeutic intervention.  

As the research study focused on female and male rats, 

it is somewhat difficult to generalize the results to humans. 

In addition to the fact that rats do not replicate humans 

entirely, the laboratory settings do not mimic the 

heterogeneity of the real world. Furthermore, the study 

primarily focuses on closed-skull and blast-specific injuries. 

As such, there may be differences in the effects of 

astrocytic activation as a result of an open-skull injury or 

other types of impacts. This could limit the experiment 
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from exploring the implications of a variety of injuries. The 

act of euthanizing the rodent before collecting brain tissue 

samples could be another limitation as it could potentially 

alter the gene expression that occurred during the process. 

Therefore, this study could possibly diversify the type of 

test organisms and injury types to improve its overall 

generalizability to humans.  

 

Conclusion 

The purpose of this experimental proposal is to 

examine the differences in the initial phases of astrocytic 

activation between male and female rats. Once undergoing 

a primary-grade blast injury, rats would be euthanized at 0 

hr, 1 hr, 6 hrs, 12 hrs, 24 hrs, and 48 hrs post-blast injury so 

that coronal sections of the brain can be collected. Flow 

cytometry and qPCR would then be used to measure 

expression levels of various biomarkers for astrocytic 

activation. 

The current literature suggests that astrocytic activation 

could be a precursor to progressive neurodegeneration [5], 

and research has shown that hormonal differences between 

sexes have implications for differences in survival and 

cognitive function following brain injury. Based on this 

information, current treatments could be optimized to 

account for sex differences in astrocytic activation. 

Experiments that compare therapeutic interventions 

between males and females should also be conducted in the 

future to further support the importance of sex differences 

in astrogliosis and its implications in controlling acute 

inflammation and treating mTBIs.  

 

List of Abbreviations Used 

GFAP: glial fibrillary acidic protein 

IED: improvised explosive device 

TBI: traumatic brain injury  

mTBI: mild traumatic brain injury 

PCR: polymerase chain reaction  

qPCR: quantitative polymerase chain reaction 

CO2: carbon dioxide 

DNA: deoxyribonucleic acid  
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