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● RBC mass is acutely increased

 ↑ O2 carrying capacity

● RBC energy metabolism shifts
 ↑ antioxidant system capacity

 ↑ O2 release efficiency

● RBC vasoregulation optimized

 ↑ hypoxic vasodilation, improves blood flow

 ↓ cardiac work to achieve tissue perfusion

● RBC deformability increased

 ↓ cardiac work to achieve tissue perfusion



● Aim 1: Determine ex vivo 

pharmacodynamics for drug library 

with known favorable effect upon 

RBC attributes and PhIT – HyHo 

potential.

● Aim 2: Screen in vivo efficacy of 

lead candidates (SA1) from the 

PhIT-HyHo drug library in rodent 

models of exercise under hypoxia 

and/or hypothermia.





o RSR is “R-shifting”: lowers Hb~O2 affinity

o Anticipated impact:

o ↓ O2
 capture in lung (↓ SaHbO2%)

o ↑ O2
 release in tissue (↓ SvHbO2%)

o Net effect:

o progressive ↓ L-TOF with ascent & dose



o Hypothermia is “L-shifting”: ↑ Hb~O2 affinity

o RSR is “R-shifting”: ↓ Hb~O2 affinity

o Anticipated impact:

o ↓ O2
 capture in lung (↓ SaHbO2%)

o ↑ O2
 release in tissue (↓ SvHbO2%)

o Net effect:

o progressive ↑ L-TOF with dose / cold



run to exhaustion

RSR in normothermic hypobaric hypoxia, simulated ascent to 18,000 feet

FINDING: modest dose-dependent effect: ~140% improvement @ 75 mg/kg

    however, higher dose impairs exercise capacity 

     

Controls +/-

simulated ascent to 18,000 ft 



RSR in cold stress cold stress (4℃ x 4h) @ Denver (5,280ft /1,609m), ↓ pAO2 ~ 80% rel to Sea Level

FINDING:  ~200% ↑ in exercise capacity (time to exhaustion)

                  ↓ EE, VO2 indicates ↑ O2 transport/consumption efficiency

     

Time to Exhaustion



o Mitapivat is “L-shifting”: ↑ Hb~O2 affinity

o Anticipated impact:

o ↑ O2
 capture in lung (↑ SaHbO2%)

o ↓ O2
 release in tissue (↑ SvHbO2%)

o Net effect:

o Modestly Impaired L-TOF < 2,440 m

o progressive ↑ L-TOF > 2,440 m



Mitapivat in normothermic hypobaric hypoxia, simulated ascent to 18,000 feet

FINDING: significant (~ 175%) improvement in time to exhaustion

     

run to exhaustion



● Improve O2 Delivery in Warfighters Operating in Extreme Environments
 Cold Stress – Hypothermia (proof of concept demonstrated for exercise capacity, expect benefit for cognitive )

 Hypobaric Hypoxia – Altitude (proof of concept demonstrated)

 Heat Stress (not yet tested)

● Improve O2 Delivery in Casualties Suffering Extreme Physiologic Stress

 Hemorrhagic Shock (improve anemia tolerance, improve stored blood quality)

 Respiratory Failure (analogous to hypobaric hypoxia)

 Low Cardiac Output (O2 delivery limited by blood flow, rather than O2 content)



● Aim 1: Identify new candidates for PhIT HyHo activity
 Continue current in vitro platform, add cognitive performance to in vivo model of exercise capacity

 Objective: Identify candidates with superior efficacy and pharmacokinetic features (duration of action, etc.)

● Aim 2: Test current PhIT HyHo candidates for efficacy in humans
 Exercise Capacity in cold stress and hypobaric hypoxia (alone and in combination)

 Cognitive Performance (+/- exercise) in cold stress and hypobaric hypoxia (alone and in combination)

 Evaluate drug delivery route and dosing (oral or patch)

 Objective: Establish efficacy (> 25% sustained increase in exercise capacity and task performance)



● Aim 1: Evaluate Efficacy of PhIT HyHo Candidates for Hemorrhagic Shock
 Define improvement in anemia tolerance (after treating animal following hemorrhage/resuscitation (non-blood) with 

PhIT HyHo Candidate)

 Define improvement in transfusion efficacy (after treating blood units with PhIT HyHo Candidate)

● Aim 2: Evaluate Efficacy of PhIT HyHo Candidates for Respiratory Failure
 Define improvement in oxygenation following lung injury (unintubated, without supplemental oxygen)

● Aim 3: Evaluate Efficacy of PhIT HyHo Candidates for Low Cardiac Output
 Define improvement in tissue oxygen delivery in shock models (hemorrhage/resuscitation, myocardial injury)
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