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TBI Unmet Need:
Early therapeutic intervention

Within minutes of impact, a self-amplifying injury cascade is set in motion — the earliest ionic and 
excitotoxic events are the most reversible.

GOLDEN HOUR  — injury cascade still interruptible Secondary injury entrenched  →

Early intervention in the golden hour targets the upstream, reversible 
triggers — before neuroinflammation and cerebral edema become self-
sustaining.
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Riluzole: multi-modal neuroprotective agent 
ideal for prevention of injury cascade

Oral riluzole — FDA-approved 1st-line therapy for ALS ·   well-characterized human safety profile

MECHANISMS OF ACTION

Use-dependent Na⁺-channel blockade6

↓ Presynaptic glutamate release7

↑ Astrocytic glutamate clearance 
(GLT-1 / EAAT2)8

TREK-1 / TRAAK K⁺-channel activation9

CONFER NEUROPROTECTION

1 Ischemia / excitotoxic injury10,11

2 Oxidative stress12,13,14

3 Inflammatory / glial stress15,16,17

4 Brain swelling / BBB injury18,19,20

Single-dose safety:  riluzole’s established ALS profile carries minimal acute risk — its principal 
chronic caution (transient hepatic enzyme elevation)16 is largely irrelevant to one-time field dosing; 
acute-SCI trials showed no rise in adverse events or mortality vs placebo.21,22
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Riluzole: role in trauma-related 
neuroprotection

Reproducible neuroprotection across acute CNS trauma ·   consistent benefit in TBI and SCI models

TRAUMATIC BRAIN INJURY — rat models23,24

Lesion volume ↓ ~44%
+ improved neurological function (lateral 
fluid-percussion model)
First dose: 15 min

↓ Motor & cognitive deficits
+ reduced regional cerebral edema & 
histologic cell damage (n = 109)
First dose: 15 min

SPINAL CORD INJURY — human evidence21,25

First Phase III RCT — RISCIS
Acute cervical tSCI (AIS A–C, dosed < 12 h); 
favorable neurological outcomes
First dose: <12h
Pooled meta-analysis (5 studies)
↑ ASIA motor & AIS conversion; 
safe — no rise in AEs or mortality vs control
First dose: 12 – 96h

Therapeutic window 1–6 h post-injury26

in TBI models — consistent with an acute, field-rescue treatment concept.
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Riluzole: first randomized trial in TBI

The first randomized controlled trial of riluzole in acute traumatic brain injury.

Severe-TBI RCT  — n = 160  (GCS ≤ 8) - Shojaei et al. BMC Neurol. 2026;26(1):379.22

Design:  adjunctive riluzole (50 mg) vs placebo + guideline-based standard care.

Result:  primary cognitive endpoint (MoCA, day 28) trended in riluzole’s favor

functional outcomes, edema progression and length of stay were comparable.

Safety:  safe — no drug-related serious adverse events.

Timing:  median time to initial dosing ~9 h; authors note benefit may require optimized timing, dosing 
and patient selection.

This trial’s ~9 h median dosing fell outside the ideal window for riluzole TBI treatment. 
Rapid, field-deployable delivery of riluzole can treat within that window to minimize 
brain injury threat to the force, maintain readiness, and preserve operational 
effectiveness.
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• Goal: Easy-to-use fast-acting riluzole / device with good SWaP characteristics
• Nasal riluzole offers:

✓ Safety when administered acutely – reduce the diagnostic / decision-making burden

✓Non-oral dosage form for unconscious victims
✓ Needle-free delivery that can be administered without extensive preparation or training
✓ Portable and shelf-stable system without complex storage requirements

• Obstacle: Riluzole’s poor solubility limits routes of administration (e.g.; oral, IV)

Opportunity: 
Rapid Field-deployable Riluzole for TBI

Improving solubility of riluzole for nasal administration 
will allow for potential field-deployable neuroprotection that prevents long-
term damage and faster return-to-duty



Using high vacuum to evaporate drugs,
nano-coating of drugs on sugar spheres 
(excipient drug carrier granule)

Solution:
Solvent-free Physical Vapor Deposition (PVD)
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Pills

Inhaler

Spray

▪ PVD apomorphine dry 
powder nasal spray (PVDA)

▪ Fast absorption (Tmax 20 
min)

▪ Dose proportional 
absorption

▪ No significant AEs

PVDA

PVDA

PVDA

PVDA

Clinically validated technology: 
Nasal PVD apomorphine Ph1 data
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PVD riluzole: 
Single-use nasal spray

• Better bioavailability of riluzole 
than oral route in dogs

• Human factor is negligible for 
single-dose dry powder nasal 
delivery

• Small and Portable – using a 
commercially available TLR5 device

• Stable at room temp.

• Nasal Tmax of less than 15 minutes 
(earliest-sampled timepoint) vs oral 
Tmax of 30 minutes

• Nasal AUC 1.8x of oral
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Riluzole nanosizing approaches:
Stability for field use / transport / storage

PVD nanosized dry powder has inherent advantages for portable field-stable use

PVD dry powder spray Aqueous solution nasal spray

▪ Eliminates water, slowing 
degradation

▪ Vulnerable to aqueous hydrolysis, 
chemical oxidation of riluzole, or 
microbial growth

Mechanical 
stability

Thermal stability

Chemical stability

▪ Immune to phase separation from 
freezing or heating

▪ Phase stable – cannot “cream” or 
“break”

▪ Extreme environmental changes 
can cause separation

▪ Can break at extreme 
temperatures due to surfactant 
desolvation

PVD Dry powder nasal spray is the ideal dose-form for long-term 
deployment in extreme conditions – validating with further stability data
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1 Optimize riluzole nanosizing & formulation stability (target 20% w/w) and analytical 
release-testing methods, incl. pre- and post-actuation particle size and aerodynamic 
performance

6 mo

2 Conduct a GLP 30-day nasal safety & toxicokinetic rat study supporting the 505(b)(2) 
route-of-administration change

7 mo

3 Tech transfer and manufacture GMP clinical supplies and placebo, with release and 
stability testing per USP<601>

8 mo

4 Prepare and submit an initial IND application following a pre-IND FDA consultation

Primary technical risks – scalable nanosizing, formulation stability, dose consistency, and nasal 
absorption variability – are mitigated through Quality-by-Design process control, validated 
analytical methods, stress-condition stability testing, GLP toxicology, and early FDA engagement for 
regulatory alignment.

Next Steps: 
PVD riluzole nasal spray path to IND
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Neuroprotection at the Point of Injury

▪ PVD riluzole – clear mechanistic rationale for early therapeutic 
neuroprotective intervention

▪ Rapid intervention during the golden hour 1-2 hr after injury
▪ Needle-free battlefield administration of single-use spray
▪ Portable and Stable – SWaP characteristics
▪ Designed for Austere and Prolonged field care environment
▪ TRL 5 Component validated in relevant environment

The military is uniquely positioned to evaluate early neuroprotective 
interventions, given access to time-critical combat casualty populations 

and established emergency research infrastructure.
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