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Encapsulation and Stability of Bioactive Proteins

in Gel

Liposomes
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The entrapment efficiency and stability of liposomes loaded with alginate and a model bioactive protein
alkaline phosphatase (ALP) were compared with that of conventional liposomes loaded with ALP.
Multilamellar  vesicles (MLV) were prepared by hydration of a thin lipid film of
dipalmitoylphosphatidylcholine (DPPC) with a 20 mg/ml solution of ALP with and without 1% alginate.
Once prepared the entrapped alginate was cross-linked by addition of CaCl; to the vesicle suspension
forming liposomes with a gelled core. Entrapment of ALP was shown have 60% greater entrapment
efficiency in alginate containing liposomes than liposomes prepared without alginate. Release of ALP
from the gel containing liposomes at pH 2 was less than for conventional liposomes however large
fluctuations in size was witnessed in the gelled liposomes when stored at pH 3.8 and at pH 7.4,
possibly due to shrinking and swelling of the gel respectively. These initial findings have prompted
further release and stability studies to determine the activity of the ALP following exposure to simulated
gastrointestinal fluids which will reveal the potential of these particles as an oral delivery system for

loaded

bioactive proteins.
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1 INTRODUCTION

The incorporation of bioactive proteins in food
products and delivery of such proteins in full working
order to the physiological target site of the intestine
can be problematic. This is due to the fact that often
the functionality of bioactive proteins relies on their
conformational structure which can easily be
denatured by harsh processing conditions [1] and
the acidic pH of gastric secretions once ingested [2].
To overcome these difficulties encapsulation
strategies can be employed to stabilise and protect
functional proteins. Liposomes and microspheres
are just two methods used to encapsulate and
deliver proteins; however there are limitations to
both these delivery systems when used singularly
such as stability, scale-up and undesired leaching of
the entrapped molecules. The present study aims to
develop and characterise a self-assembling delivery
system with enteric properties by investigating the
potential of loading alginate along with a modal

enzyme into liposomes, then cross-linking the
alginate  once encapsulated.  Subsequently,
immobilising the protein in enteric micro-gel

particles, that are coated with phospholipid bilayers.

2 MATERIALS AND METHODS

2.1 Materials

Dipalmitoylphosphatidylcholine (DPPC) was
purchased from Avanti polar lipids and the sodium
alginate was purchased from BDH and was high G
alginate, all other reagents were purchased from
Sigma-Aldrich Company (Poole, UK).
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2.2 Liposome preparation

DPPC was dissolved in a 9:1 solvent mixture of
chloroform and methanol. The solvent was
evaporated on a rotary evaporator to obtain a dry
film, which was hydrated with a solution of ALP in
100 mM Tris HCI (to give final lipid concentration of
32 ymol/ml) in a round bottomed flask at 45°C with
intermittent  vortexing. Unentrapped ALP was
removed from the liposome suspension by repeated
centrifugation (13000 rpm for 5 min) decanting the
supernatant and washing the pellet with 10 mM tris
HCI until no ALP was detected in the supernatant.
Liposomes containing alginate were prepared using
the same method however the thin lipid film was
hydrated with a mixture of 1% Na alginate
containing 20 mg/ml ALP. Once unentrapped APL
was removed by repeated centrifugation the
alginate/ALP loaded liposomes were addded to
0.2M CaCl, for 15 min to induce gelation of the
entraped alginate. The CaCl, was then removed by
centrifugation and the liposomes were resuspended
in 10 mM Tris HCI.

2.3 Size measurements

The volume mean diameter (VMD) of the liposomes
was measured using a Malvern Master Sizer 2000,
(Worcestershire, UK) at 25°C, diluting 50 pl of the
dispersion to the appropriate volume with double-
distilled water .

2.4 Quantification of Entrapment and Release

The concentration of entrapped ALP was
determined using the BCA assay. Briefly, test
samples of 100 pl vesicle suspension were added






