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Disclaimer

• The views expressed in this presentation reflect the results of research conducted by 

the author and do not necessarily reflect the official policy or position of the Defense 

Health Agency, Department of War, nor the U.S. Government. 

• The experiments reported herein were conducted in compliance with the Animal Welfare 

Act and per the principles set forth in the “Guide for the Care and Use of Laboratory 

Animals, Eighth Edition”, The National Academies Press, 2011.

• Neither the Defense Health Agency, any other component of the Department of War nor 

the U.S. government has approved, endorsed or authorized this product. No Federal 

endorsement of any manufacturer is intended.

• This work is supported by funding from DHA Restoral and Oak Ridge Institute for 

Science and Education.
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Primary Injury: 

▪ Direct damage to tissues and hemorrhage

Secondary Injury: 

▪ Rapid cascade beginning within 10 minutes 

of injury

▪ Creates a positive feedback loop
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Introduction: Basics of Traumatic Brain Injury (TBI)

CDC: 

>586 TBI-related hospitalizations per 

day

“signature wound” of recent conflicts

>75% report pain chronic
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Introduction: 4-hydroxy-TEMPO (TEMPOL)

Scavenges Superoxides

▪ Breaks positive feedback loop

Additional Benefits: 

▪ Blood Brain Barrier Repair

▪ Mitochondrial Damage Reduction

▪ Cytoskeletal Damage Reduction

Superoxide Dismutase (SOD) Mimetic
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Previous IV TEMPOL Treatment Results

Hall et al. 

Significant reduction in neurodegeneration

Deemed ineffective for clinical application because of 

IV placement time in active combat zone

QUESTION: What if it was administered intranasally?
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Intranasal Delivery
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Rapid Delivery to Brain

Improved Delivery Concentration

Easy administration
Time is vital in combat situations or 
mass casualty events

Find Medic

Secure the battlefield

Triage patients

Presence of Supplies
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Research Questions
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Is IN administration of TEMPOL as effective as IV

TEMPOL for improving TBI recovery biomarkers? 

Is IN TEMPOL as effective as IV TEMPOL for 

improving TBI related anxiety symptoms?   
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Experimental Design
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Moderate closed cortical impact 

Wistar Rat

10 mg/kg TEMPOL in Lactate Ringers (LR) 

▪ Intravenous (IV) 

▪ Intranasal (IN)

▪ Controls with LR only 

Common Serum Biomarkers: 

▪ Brain Derived Neurotrophic Factor

▪ TNF-α, IFN-γ, IL-10

Open Field Anxiety Test
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High Variability in post-TBI Biomarkers
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Meta-Analyses of TBI biomarkers report 

>80% heterogeneity in patients 



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Inflammatory Biomarker Results
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IV TEMPOL

IN TEMPOL

LR Control

Treatment Groups

*** ***

*
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Brain Derived Neurotrophic Factor (BDNF) Results
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IV TEMPOL

IN TEMPOL

LR Control

Treatment Groups

Takeaway: Inconclusive

• p= 0.06 trending toward significance overall 

• IN groups appear to be more stable compared to 

other groups, particularly at 7 and 14 days

• More information outside of biomarkers are 

essential

*
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Open Field Test: Anxiety Measures
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IV TEMPOL IN TEMPOL Control
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Open Field Test: Anxiety Measures
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IV TEMPOL IN TEMPOL Control
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Open Field Test: Anxiety Measures
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IV TEMPOL IN TEMPOL Control
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Deep Lab Cut Behavioral Measurements
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IV TEMPOL

IN TEMPOL

LR Control

Treatment Groups

** *

**
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Deep Lab Cut Behavioral Measurements
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IV TEMPOL

IN TEMPOL

LR Control

Treatment Groups
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Research Questions
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Is IN administration of TEMPOL as effective as IV
TEMPOL for improving TBI recovery biomarkers? 

Is IN TEMPOL as effective as IV TEMPOL for improving 
TBI related anxiety symptoms? 

Is there a difference in oxidative damage molecules in 
trigeminal ganglia between IN and IV treatments? 

~
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Trigeminal Ganglia
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Facial Innervation

Eyes, nose, jaw

Associated with 

Orofacial and Head 

Pain
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4-Hydroxynonenal (4-HNE)
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Secondary Measurement of oxidative stress
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4HNE Expression in Trigeminal Ganglion 
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IV IN Control
4HNE DAPI
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Conclusions
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Is IN administration of TEMPOL as effective as IV
TEMPOL for improving TBI recovery biomarkers? 

Is IN TEMPOL as effective as IV TEMPOL for improving 
TBI related anxiety symptoms? 

Is there a difference in oxidative damage molecules in 
trigeminal ganglia with and without TBI? 

~

It’s complicated

Inconclusive, but pain looks likely

Very Promising



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Intranasal Delivery
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Rapid Delivery to Brain

Improved Delivery Concentration

Easy administration

Bypasses first pass metabolism

• Lowers secondary organ toxicity

• Improves uptake
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