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Introduction Postpartum haemorrhage (PPH) remains the leading direct cause of maternal mortality worldwide. In lower-middle-income countries (LMICs), approximately 40% of oxytocin injection products used to manage PPH fail to meet internationally recognised quality standards, with many degrading during distribution due to unreliable cold-chain infrastructure. To address this challenge, Monash researchers have developed a single-use dry powder inhaler for oxytocin (inhaled oxytocin – IHO). This formulation and device are designed to simplify administration, eliminate the need for consumables, and remain stable outside the cold chain—even in hot and humid climates. This innovation has the potential to overcome key limitations associated with injectable oxytocin in LMICs.
Aims i) To develop and validate a physiologically-based pharmacokinetic (PBPK) model to support dose selection of inhaled oxytocin for clinical evaluation.ii) To conduct a Phase 1 study assessing the pharmacokinetics and safety of selected doses of an optimised inhaled oxytocin product in healthy, non-pregnant female participants.
Methods A specific PBPK model for inhaled oxytocin was developed and validated using GastroPlus®, configured to represent a standard 28-year-old female lung. The model incorporated in vitro deposition data generated using the Next Generation Impactor (NGI) and was used to predict clinical exposure across various device and deposition profiles. Doses of 50, 200, 400, and 600 µg were evaluated. Model outputs informed dose selection for a randomised, placebo-controlled, fixed-sequence Phase 1 study, which included a partial cross-over design comparing inhaled oxytocin to standard intravenous and intramuscular dosing.
Results The PBPK model, developed for a new device and formulation, predicted key pharmacokinetic parameters within two-fold of observed values. Inhaled oxytocin demonstrated pharmacokinetics comparable to intramuscular administration, with the 150 µg and 600 µg inhaled doses bracketing the exposure of a 10 IU intramuscular dose. Repeat dosing was well tolerated, with no significant treatment-related adverse events or clinical findings reported.
Discussion/Conclusion. A validated PBPK model successfully predicted systemic oxytocin exposure following inhaled administration and was effectively used to select and optimise clinical doses for further evaluation.
