Impact of Manufacturing Process on Critical Quality Attributes of Multivesicular Liposomes
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PURPOSE RESULTS

Multivesicular liposome (MVL) Is a lipid-based drug delivery system that provides sustained
release of drugs with short half-lives. For example, once bupivacaine (BPV), with a short half-
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life (t,,=2.7 hours), was encapsulated into MVL, sustained release characteristics (t,,=34 100 o
hours) was obtained. Structurally, MVL consists of a series of non-lamellar liposomes arranged = 80 -
In honeycomb structure with non-concentric agueous chambers. To date, three MVL-based Q P
drug products have been approved by the FDA; DepoCyt (cytarabine), DepoDur (morphine 2 60 - ‘ *9% Drug partition
sulfate), and Exparel (bupivacaine). The objective of this study was to identify the critical - e
process parameters during the manufacturing of bupivacaine-loaded MVL and to evaluate their o 40 - e i [drugl,,. 100
Impact on the critical quality attributes of the MVL products, such as morphology and drug X ol 0 . — ([drug]W1+[dFug]O,,)
release characteristics. -
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MVLs were manufactured using two amphipathic phospholipids, tricaprylin and cholesterol, via Figure 2. Bupivacaine (30 mg/ml, 104 mM) patrtition between chloroform and the initial water phase
a double-emulsion method. BPV, an amino-amide local anesthetic, with a pKa of 8.4 was (W,) at various concentrations of phosphoric acid.
selected as the model drug. A pH gradient method was utilized for the encapsulation of BPV
inside the MVL. The effect of pProcess conditions such as emulsification time, shear rate, pH, Particle Size Distribution of MVLSs Figure 5. Confocal images of MVLs manufactured under different conditions: (A) 9000 RPM for 30 min during W,/O step; (B)

7000 RPM for 30 minutes during W,/O step; (C) MVL with damaged internal structure if W, and W, aqueous phases were not
maintained isotonic. These results showed demonstrated the critical roles of the shear rate of the first water-in-oil emulsifying
step and osmotic pressure balance in controlling the MVL internal structures.

osmolality, rate of solvent removal, etc. was evaluated to produce stable and uniform MVLs
with optimum drug encapsulation efficiency. The morphology and size distribution of the
prepared MVLs were determined using confocal laser scanning microscopy (CLSM) and laser
diffraction techniques, respectively. The drug encapsulation efficiency and the stability of MVL
were determined using HPLC-UV method.
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Critical formulation and process parameters impacting critical quality attributes of MVL
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T T T T » pH of the internal agueous phase (low pH favors BPV transfer)
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Figure 3. Particle size distribution of MVLs by Laser diffraction » Osmolality balance between internal and external agueous phases (Figure 5)
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(G - - - Conductivity of Saline: 16.831 mS/cm : © o . . . . .
Dilution & 4 - A Conductivity of the permeate -4 < (e.g., morphology, stability and drug loading). This understanding may be useful for comparative evaluation of
ém/ﬂ 9 (2) N ® Permeate Flux 5 (2) = key physicochemical characteristics between a potential generic drug and the reference listed drug.
~ 0 T I T T I T T I T T I T T I T T
z j? \\/I\ \/\4 ‘:‘i 'CW Ta ngential flow filtration Solvent eva poration O 30 60 . 90 . 120 150 180
:. % %/, ( B) Time (min)
/\"- Y . N = Pressure 300 ACK NOWL EDG EM ENTS
o “ Feed flow 5. H.} -
AL N L e e iy o - == eeeeEeeEm e e e eEEeEe-e--—-e- - = = _p——m——————mml) =G ) ) . .
:ﬁ:@fﬂ S - —) = = 5‘2528 - _e—— " This project was supported by FDA Nano CORES grant and In part by an appointment to the Research
N Ao (I e - -_'-_—«;_1:' — s :\ a4 €940 Participation Program at Center for Drug Evaluation and Research administered by the Oak Ridge Institute for
Nedir S NP e At -, (‘_j Y oa W 4 - _ .
VYA % PN OO 0 o st g Sar ] CE) 220 - Science and Education through an agreement between the U.S. Department of Energy and FDA (JB and WS).
¥ L8 =200 - i izati il
2 2 | ; = - The authors would like to acknowledge FDA Advanced Characterization Facility (ACF), CDRH/OSEL/DBCMS
el 250 _ e y (ACH)
FILTER MEMBRANE S 160 n : . for Instrument use.
& - - - Osmolality of Saline: 284 mOsm/kg
» 140 - ® Osmolality of the permeate
Permeate @ 120 b
Water phase Oil phase % Lipid Drug 100 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DISCLAIMER
Figure 1. Schematics showing the manufacturing process of the MVLs, including formation of the W,/O primary 0 30 60 20 120 150 180 This poster reflects the views of the authors and mA U- S- FO 0 D & D RU G
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emulsions, W;/O/W, double emulsions, solvent evaporation, and tangential flow filtration for purification and _ . . . : SR
Figure 4. (A) Conductivity, permeate flux, and (B) osmolality during the tangential flow filtration. policies

buffer exchange.
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