Carbon Dioxide Shows Promising Preclinical Ability to Prevent Traumatic Brain Injury in Mice
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Background Concussion and the Compensatory Reserve Volume Carbon Dioxide Normalizes Indicators of TBI
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Mouse Model for Blast-Induced TBI
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/We examined gene expression to investigate which specific aspects of TBI carbon dioxide can prevent, given TBIl induces a miasma of \
gene transcription alterations (370 genes in our data)

We identified 19 genes that are differently expressed by mice exposed to air TBI but not expressed by mice exposed to carbon dioxide
TBI or by mice exposed to carbon dioxide alone
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These, therefore, are the genes relevant to the post-injury processes carbon dioxide prevents and protects against via reducing brain
\movement during injury, and using these genes, we can deduce additional and unmet therapeutic targets /
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ﬁhere are numerous ways to increase intracranial pressure, and therefore exhaust the compensatory reserve volume, creating a tighter fit \
of the brain within the skull

The first FDA-approved brain movement mitigation TBI preventative, the Q-Collar, accomplishes this using mild internal jugular vein
compression, causing backfill of blood into cerebral veins, which has been shown to prevent indicators of concussion in studies of athletes Conclusions and Futu re Work

Respiration and simply changing the angle of the body are enough to elicit significant changes in intracranial pressure in mice
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* By exhausting the compliancy of the compensatory reserve volume via

Carbon dioxide has an even more powerful on intracranial pressure and thus the compensatory reserve volume than other factors due to its

exposure to isoflurane anesthesia N _ _ o ] o o .
\& / \robust ability to dilate cerebral arteries / robust dilation of cerebral arteries, carbon dioxide shows a promising ability
. — We hypothesize that by using carbon dioxide’s ability to exhaust the to reduce the incidence and severity of traumatic brain injury
Experimental Methods and Timeline compensatory reserve volume via arterial dilation, we can reduce the effects of * Mice treated with carbon dioxide before injury appear normal behaviorally
V4 »7 7 7 \traumatic brain injury caused by brain movement y and physiologically, and many genes with altered expression in TBI are

BT TBI BT BT BT Tissue Collection normalized in mice exposed to carbon dioxide

Q [+ o (o) (o)

N 000

Time / Locom
post-injury | €¢=————p / ‘4—>

30 min
15 min 30 min 60 min 3 hrs 4 hrs

.

Indicators of Traumatic Brain Injury
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* Inspired similar therapeutics, this premise could be turned into a medical
device to protect humans at high risk of TBI

/ Preconditioning? \

Carbon dioxide has a large role in the body, and is relevant to countless biological pathways

Many of the genes carbon dioxide changes on its own overlap with the genes TBI changes on its own, and furthermore,
genes change in the same direction

Ischemic preconditioning uses exposure to brief interruptions of blood flow before organ transplant or stroke to improve
outcomes, and works via changes in gene expression also caused by inflammatory compounds, hypoxia, and hyperthermia

Many of the genes involved in ischemic preconditioning are in the same neighborhood as those involved in carbon dioxide
Q(posure and TBI, and TBI itself elicits ischemia, hypoxia, and inflammation /
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/We anesthetized mice using isoflurane with a gas composition of either medical grade atmospheric air or 5% \
carbon dioxide, with atmospheric concentrations of oxygen
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Mice were then subjected to either blast TBI or a sham treatment, consisting of being placed in the PVC tube 00 05 10 15 20 925 0-
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We recorded righting reflex time immediately after injury, as a validated measure of loss of consciousness Minutes Sham TBI Sham TBI
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Body temperature was taken at four time points as a measure of physiological response to treatment Mice exposed to blast TBI display reductions in body temperature serious loss of consciousness immediately after injury, and serious deficits

in locomotor activity and arousal three hours after injury
* - less than 5% probability results arose by chance, ** - less than 1% probability results arose by chance, *** - less than 0.1% probability results arose by chance

Locomotor activity was recorded three hours after treatment to gauge locomotor activity and arousal

Tissue was collected for RNA sequencing analysis of gene expression four hours after treatment /




