ISLFD 2017 – 8th International conference on Lyophilization/Freeze-Drying
April 26-28, Havana (Cuba)
[bookmark: _GoBack]VACUUM INDUCED SURFACE FREEZING AS AN EFFECTIVE METHOD FOR CYCLE OPTIMIZATION
Roberto Pisano, Politecnico di Torino, Torino (Italy)
E-mail: roberto.pisano@polito.it


Key Words: Freezing, Freeze-Drying/Lyophilization, Optimization, Vacuum Induced Surface Freezing


In recent years, special attention has been given to freezing and its control. As a matter of fact, freezing suffers from the same challenges as primary and secondary drying, from performance in specific formulations to reproducibility and batch uniformity. These challenges are made further critical if we account for the fact that potential problems in freezing impact on the product behavior during both primary and secondary drying, on product morphology, as well as on intra-vial and vial-to-vial heterogeneity.

Recent literature showed that the control of temperature at which nucleation occurs is beneficial to primary drying time, but also to batch uniformity [1]. In this study, we investigate how the control of nucleation temperature, and particularly the use of Vacuum Induced Surface Freezing (VISF), can effectively reduce the total cycle time, minimize batch heterogeneity, and improve intra-vial uniformity [3]. This last aspect is not secondary to the previous advantages as uncontrolled freezing can promote a non-uniform distribution of the active ingredient within the lyophilized product and potentially their aggregation/denaturation [4]. The impact of VISF on drying is here discussed referring to both primary and secondary drying.

Overall, we observed that VISF promotes the formation of larger ice crystals and thus pores, which dramatically reduces primary drying time, approximately 30-50%. For mannitol 5% (w/w), we observed that the residual moisture at the end of primary drying was 4.3% for VISF and 3.2% for uncontrolled freezing, see Figure 1. This result was expected because samples produced by VISF had larger pores and thus smaller specific surface area; as a consequence, water desorbed, while sublimation was still in progress, was smaller. Figure 1 also shows that VISF gave a narrower moisture distribution than that given by uncontrolled freezing, confirming that vial-to-vial heterogeneity was less marked for VISF. A similar trend was observed for secondary drying; however, Figure 1 shows that differences between VISF and uncontrolled freezing leveled off as secondary drying proceeded.
Figure 1. Statistical distribution of residual moisture as observed at the end of (filled symbols) primary drying and (empty symbols) secondary drying in the case of (square) uncontrolled freezing and (circle) VISF. Results refer  to a mannitol-based formulation, 5% w/w.

As further confirmation of this result, we have observed that the pressure ratio between Pirani and Baratron leveled off within a shorter time for VISF with respect to uncontrolled freezing, see Figure 2.Figure 2. Evolution of pressure ratio curve for mannitol 5% (w/w) in the case of (a) uncontrolled and (b) VISF.


The impact of VISF on intra-vial heterogeneity was investigated using SEM and XRD, and mannitol 5% as model product. Overall, we observed that VISF gave larger pores which were more uniformly distributed within the lyophilized sample. By contrast, uncontrolled freezing tended to give smaller pores close to the top/bottom surfaces and larger pores in the central part of the sample. As concerns XRD characterization, we observed that the presence of α, β and δ polymorphs depended on the freezing protocol used as well as on the nucleation temperature. More specifically, we found that uncontrolled freezing tended to promote the formation of all three polymorphs, while VISF promoted the formation of either β or δ depending on the selected nucleation temperature. In the case of VISF, we occasionally observed the presence of  traces of α-mannitol. We further observed that, in the case that more than one polymorph was present, they were not uniformly distributed and α-mannitol, if present, was usually distributed close to the top surface of the product. This analysis was extended to a statistically significant number of samples, at least 20 vials, and we observed that the polymorph composition and their distribution was reproducible only for VISF, while the morphology of uncontrolled freezing samples was randomly distributed among the vials of the batch. 
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