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BACKGROUND
Uncertainty regarding space radiation effects on medication degradation and potency remains high, though early data suggest that space radiation may affect the potency and quality of some pharmaceuticals. In the absence of empirical spaceflight measurements to characterize this risk area for long-duration planetary missions, high-fidelity ground-based targeted radiation analogs could provide valuable insights. The NASA Human Research Program's (HRP) Exploration Medical Capability (ExMC) Element conducted a pilot study to characterize the chemical stability of four selected medications exposed to rapid switching, mixed-species simulated galactic cosmic radiation (GCR) beams at the NASA Space Radiation Laboratory (NSRL), at Brookhaven National Laboratory (BNL). The research objective was to compare the effects of simulated GCR beam exposures on drug stability to those previously observed following spaceflight. 

METHODS
Four oral solid medications (acetaminophen, amoxicillin, ibuprofen, promethazine) were selected based on pharmaceutical stability characterization obtained from previous NASA research, the literature, or based upon clinical relevance for exploration spaceflight.  Each drug product was packaged to resemble operational packaging used in flight. Sufficient quantities of identical brands and lots, for each drug were procured to provide a statistically significant number of replicates for four experimental arms (Non-irradiated control, Non-irradiated travel control, Irradiation group I – 0.5 Gy dose, Irradiation group II – 1.0 Gy exposure). Thermoluminescence Dosimeters (TLD-100 LiF:Mg,Ti) were attached to the front or both sides of each drug package to estimate the irradiation dose received. Temperature and relative humidity (RH) exposures were controlled and tracked during all transport excursions and storage. Drug stability analyses of the irradiated drug samples and their lot-matched controls were conducted at three time points (t1 - 2018 baseline, t2 - 2019, t3 - 2021).  Results included measuring active pharmaceutical ingredient (API) potency, API release, and degradation products, based on analytical methods recommended by the United States Pharmacopeia (USP).  

RESULTS
Analyses at t3 were completed approximately 33 months following irradiation exposure; and revealed comparable drug assay results between the irradiated and control groups.  All samples for three of the four study drugs analyzed at t3 met USP requirements for potency.  Neither irradiated nor control promethazine drug samples analyzed at t3 met the USP acceptance criteria for potency.  Although all four study drugs had expired prior to t3 analyses, minimal changes to drug stability were observed, which suggests that neither time nor the simulated GCR irradiation resulted in significant degradation of these medications.  

CONCLUSIONS
This pilot experiment offers insight into future radiation analog studies' design and their utility for predicting or accurately simulating radiation exposures on pharmaceuticals during exploration spaceflight.
