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Introduction

Multivesicular liposome (MVL) is a lipid-based drug delivery system that provides sustained release of
drugs with short half-lives. To date, three MV L-based drug products have been approved by the FDA.
The objective of this study was to identify the suitable labeling agent for the MVL which would allow
non-destructive imaging of the MVL internal structure and morphology using Confocal Laser Scanning
Microscopy (CLSM). In addition, the effect of critical manufacturing process parameters on the structure
and morphology of bupivacaine MVL was also evaluated.

Methods

Screening of the labeling agent was accomplished by incubating the commercially available bupivacaine
MVLs with various lipid dyes, including BODIPY® 505/515, Dil, BODIPY conjugated with fatty acid
and BODIPY-phospholipid, and followed by imaging using CLSM. To study the effect of manufacturing
process on MVL structure and morphology, MVL formulations were manufactured in-house using
amphipathic phospholipids, tricaprylin, and cholesterol via a double-emulsion method, and by varying the
manufacturing process parameters such as emulsification time, shear rate, and solvent removal rate etc.
The changes in MVVL morphology and size distribution were evaluated using CLSM and laser diffraction
techniques, respectively.

Results

Among the four evaluated lipid dyes, BODIPY conjugated with fatty acid (BODIPY™ 500/510 C4, C9)
was identified to be the most suitable dye to achieve uniform labeling of MVLs. It was observed that the
emulsification time and shear rate (Figure 1) of the first water-in-oil emulsifying step and the second
emulsifying step were important for controlling the size of the inner vesicle droplets and MVLs as well as
for improving the stability of MVLs. This in turn determines the MVL size, drug encapsulation efficiency,
and stability of the final MVLs. Morphology analysis of MVLs also revealed that after the MVLs were
formed, the rate of organic solvent removal, which was controlled by nitrogen sparging or stirring rate,
also played an important role for the stabilization of MVLs. Furthermore, the osmotic pressure difference
between internal and external aqueous phases was found to be critical to maintain morphological stability
of the MVL inner structures.

Conclusions

Based on CLSM analysis of MVLs, prepared via different processing parameters, it was concluded that
the characteristics of the manufactured MVLs were observed to be governed by: 1) osmolality balance
between internal and external aqueous phases, 2) the shear rate (Figure 1) and duration of the
emulsification, and 3) the initial drug to lipid ratio. The results from the current study shows that CLSM
provides a good visual representation of the impact that manufacturing process has on the quality of MVLs
(e.g., morphology, size, inner vesical structure).
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Figure 1. Confocal image of MVLs where first water-in-oil emulsifying step was performed at (A) 9000
RPM and (B) 7000 RPM for 30 minutes. Confocal image of MVLs showed that the shear rate of the first
water-in-oil emulsifying step is important for controlling the size of inner vesicle droplets. Stock sample
of MVLs were mixed with lipid dye (BODIPY™ 500/510 C4, C9) and then incubated at room temperature
in a dark room at least for 1 h prior to confocal imaging.
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