Optimization of Fatigue Management

Utility of Physiologically Based Pharmacokmetlc Modeling of a Stlmulant
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concentration of Huang et al. (2020)  Model verification and validation were deemed successful.
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Huang et al. (2020) Adipose validation by Huang et al. (2020). Our findings support the use of

METHODS: : Bone the model for scenarios with repeated and extended-release

Using pharmacokinetic models of anti-fatigue agents together with a cognitive formulations and fed (rather than fasted) volunteers
model (i.e., physiocognitive modeling) provides a framework to evaluate '

impact of these stimulants on cognition have the potential to inform the
timing and dosage of these stimulants for sustained operations,
contributing to mission success. The utility of a physiologically based
pharmacokinetic (PBPK) model of d-amphetamine (synonyms: d-amph,
Dexedrine) for evaluating dosing scenarios was assessed.
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Figure 1. Structure of the
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Figure 3. Verification of human plasma time course simulations of Huang et al. (2020)
and validation via measurements originally reported in Beckett et al. (1969) for
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e Verification: The model was verified by comparing original, published simulations in m__
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Data sources are dESCFIbEd/CItEd In Tables 1 and 2 Beckett AH, Rowland M.1965. J Pharm Pharmacol. 17:59-60.

Center for Drug Evaluation and Registration (CDER) 2002.
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Figure 4. Predicted brain vs. arm plasma time course for d-amphetamine Clausen et al. 2005.CNS Spectr.10(12 Suppl 20):6-15.
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BACKGROUND: CAPABILITY GOAL

* Generate knowledge to inform dose amounts and timing of
pharmacologic interventions to sustain cognitive

performance during extended-duration operations.

Table 1. Summary of resources for model verification and validation
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— : : : : : —Arm plasma o Brain concentrations of d- Huang W, Isoherranen_N. 2018. CPT_ Pharmac;ometrics Syst Pharmacol. 7(9):593-602.
Model ver.lflca.tlon resources Figures 2 and 3 (solid lines vs. dashed lines) amphetamine in the target Roberts et al. 2015. Clin Drug Investig. 35(10):633-43.
METHODS: Model validation resources tissue (brain) occurs earlier
» Implement, verify, and validate published models, if available Data in Huang et al. (2020 Figures 2 and 3 (solid lines vs. data) Eﬁ: ::aukrisr‘t:;rﬂ?:t';ﬁ) it:an Bl Disclaimer & Acknowledgements

aefeliifelprzINeziezRigel N e=lololscNe|<le BN Data included extended-release formulation (4
by Huang et al. (2020) conditions) and divided dosing of an
immediate release formulation (1 scenario)

» Develop, refine, and validate new models, if necessary

« Simulate agent exposure scenarios to generate physiologically
based estimates of blood, plasma, and/or brain concentration

venous arm pla_sma (3'0 Dr. Sweeney and Dr. Clewell are contractors working with Air Force Research Laboratory/711th Human
hours after dosmg) Performance Wing. The views expressed are those of the authors and do not reflect the official
guidance or position of BlueHalo, Eagle Integrated Systems, the United States Government, the
Department of Defense, the United States Air Force, or of the United States Space Force. Imagery in

proflles to serve as inputs into cognitive impairment models — _ — _ (not shown) 6 12 18 24 30 this document are property of the United States Air Force.
* Develop dosing recommendations for various scenarios (future Clensei €t &l (@00, DRlEr e el {201} Time after first dose (h)
work) Roberts et al. (2015) (not shown)
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