Integration of in vitro biorelevant dissolution and in vivo bioequivalence study to in silico PBPK modeling of furosemide oral formulations to predict bioequivalence in dogs by PBBM approach.
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Abstract:
In Uruguayan veterinary medicine there is currently no regulation that ensures the biopharmaceutical quality of the products that are presented at the pharmaceutical market. Furosemide is widely used in cardiological therapies in canines (Bikdeli et al., 2013), however there is a lack of knowledge regarding the dose-exposure-response relationship and the impact of multi-source drug products with no bioequivalence evaluation. In this work, we aimed to predict the relative bioavailability between two furosemide oral local products available for use in dogs by means of physiologically based biopharmaceutics modeling (PBBM), integrating formulation-related parameters estimated through in vitro dissolution testing in a PBPK model (Ibarra et al., 2019; Lu et al., 2017). Further, the model predictions were validated with a bioequivalence study in healthy dogs (n=6). A previously reported furosemide PBPK model for humans (Britz et al., 2020) was adapted to dogs in PK-Sim® and MoBi® (Open Systems Pharmacology) using literature pharmacokinetic data in plasma and urine after intravenous and oral administration (Koh et al., 2021; Lee et al., 1986). Model was optimized including a concentration-dependent increase in renal blood flow, affecting furosemide renal excretion. Dissolution profiles from two local products obtained in biorelevant conditions were fitted with a gompertz model and included in the PBPK model to describe drug dissolution. Single-dose furosemide Cmax and AUC for both formulations were predicted with a relative bias below 20%. The PBBM approach predicted adequately furosemide pharmacokinetics and the relative product performance in dogs and has been shown in this research to be an effective tool that can be used by laboratories in the pharmaceutical industry and by state agencies in charge of pharmaceutical regulation of veterinary products. An alternative method to the clinical trial was developed that can make predictions with an adequate level of confidence and markedly lower requirements for infrastructure and research resources.
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Figure 1. Furosemide quantitative mass balance diagram after oral administration.
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