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[Liposomes

Proteclive layer
of polyethelyne
glycol

Drug crystallized
in agqueous fluid

Lipid-soluble
drug in bilayer

Lipid bilayer

W VR Bk Woikey el Gt Wl g e et

Dr. MBeesh A

INTRODUCTION

= The preparation of liposomes, with
entrapped solutes, was demonstrated
for the first time in 1965 by Prof. A.D.
Bangham of the United Kingdom.

- PUrTe
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Definition

m “Liposomes are microscopic spheres made from
fatty materials, predominantly phospholipids.

= “made up of one or more concentric lipid
bilayers, and range in size from 20 nanometers
to several micrometers in diameter”
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Advantages with liposomes t€

Suitable for delivery of hydrophobic,
hydrophilic and amphipathic drugs and agents

Chemically and physically well characterized
entities

Biocompatible
Suitable for controlled release

Suitable to give localized action in particular
tissues.

Suitable to administer via various routes

,f
3 :

Classification

1. Classification based on size of
liposomes

2. Classification based on method of
preparation

3. Classification based on composition
and in vivo application

Dr. MBeesh AN
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\-Classification based on size

» Small unilamellar vesicles

» Medium sized unilamellar vesicles

» Large unilamellar vesicles
» Giant unilamellar vesicles

» Oligolamellar vesicles

» Multilamellar large vesicles
» Multivesicular vesicles

© Encapsula NanoScienceDr. MBeesh

1.1.2 Types of Liposomes:

Vesicle type Abbreviation Diameter size No. of lipid bilayer
Unilamellar vesicle | UV All size range One

Small  Unilamellar | SUV 20-100nm One

vesicle

Medium Unilamellar | MUV More than 100nm One

vesicle

Large  Unilamellar | LUV More than 100nm One

vesicle

Giant  Unilamellar | GUV More than 1 micro | One

vesicle meter

Oligolamellar vesicle | OLV 0.1-1 micro meter Approx 5
Multilamellar vesicle | MLV More than 0.5 5-25
Multivesicular MV More than 1 micro | Multi compartmental

vesicle

meter

structure
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Y-Classification based on method
of preparation

m Vesicles prepared by extrusion method.
» Vesicles prepared by fusion.

= Vesicles prepared by reverse phase
evaporation.

s Frozen and thawed Multilamellar vesicles
MLV.

= Dehydration and rehydration vesicles.

Dr. MBeesh 14

Y- Classification based on
specific properties

= Conventional Liposomes

'*
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Long circulating liposomes
(Stealth Technology)

= PEG coating

m Low permeability liquid matrix and internal
aqueous buffer system

Liposomes

‘Couche lipidique

S{Phospholipides +
Cholesterol)

Polyéthyléne
L Lipid-soluble
drug in bilayer G|y00|

Lipid bilayer

21

Targeted liposomes

m Target specific ligands, such as antibodies,

immunoglobulins, lectins and oligosaccharides

attached to the surface

TARGETED
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Cationic Liposomes

= Cationic lipid component interact with
negatively- charged DNA
= Results into Lipid —=DNA Complexes
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Phophatidylethanolamine (PE)

L R—O—CH
DOPE R1=Rz=Cqgn . ? z S} R, —CH CHG)NH
DSPC R, =R, =Cias Rz-—-O-—-?H Cl) 3 2 2 3
EPC R, =Cjso Ry =Cign HZC—O—H’—O—R3 Phosphandylcgﬂme (PC)

o Rs —CH, CH, N(CH3)s

Figure 1.3 The general structure of a phospholipid and the structure of EPC,
DSPC and DOPE.

|Phosphatidylcholines or PC—lipidslare the most widely used lipids in
liposome work. PC-lipids are zwitterionic at all relevant pH! and can
therefore form(lamellar structures independently of the pH |in the
solutionl Egg-yolk lecithin (EPC)l and distearoly PC (DSPC) are the PC-
lipids used in the present thesis and the structures are shown in Figure
1.3. DSPC is a synthetic lipid with only saturated chains, while EPC is a
natural PC-lipid with both saturated and unsaturated fatty acids.
| Phosphatidylethanolamines have a pH dependent| phase behaviour
[6]. At physiological pH where the PE-lipids have zwitterionic
headgroups they are not capable of forming lamellar structures.
However, above pH ~ 9 the headgroup becomes charged and lamellar
structures can be formed. A more detailed description of this behaviour
and the advantage of using such lipids will be presented in the following
sections.

pH sensitive Liposomes

In many applications the liposome-encapsulated drug needs to be
delivered to a specific site (section 5.3) but as long as the drug remains
trapped inside the liposomes it stays inactive. A slow drug release is, in
most cases, not sufficient for an efficient treatment. Different types of
liposomes, such as kemperature- and pH-sensitivel liposomes, have been
developed for this purpose [89-92]. The basic idea is that an
environmental change will trigger the liposomal membrane to structural

rearrangements that induce a leakage of the encapsulated substance.

Figure 4.1 A schematic representation of a pH-triggered release.
©Goran Karlsson
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Doxil

@ Developed in 1995

® Marketed by Ortho Biotech

® Liposome-PEG doxorubicin HCI]

@ Anti-cancer drug used
in the treatment of HIV-related
Kaposi’s sarcoma

® Also used to treat breast cancer,
ovarian cancer, and other solid
tumors

@® Administered intravenously every

4 weeks
Dr. MBeesh Yo

= Doxil is the drug doxorubicin HCI

encapsulated in an antibody linked & &8 B

PEGylated liposome 40008
= Composed of multiple monoclonal ©E Ty

antibodies to target cancer cells cu,?“iﬁ ~

» PEG (polyethylene glycol) makes
the liposome less vulnerable to
immune system

o (@ |
= Lipid composition: mainly —
diastearoylphospatidylcholine and ~ cosmsin  tossne peavaed posone
cholesterol - increases liposomal
rigidity
Dr. MBeesh A
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@ Doxil works through passing through
fenestrations in the vasculature and

concentrating at tumor sites
- Leads to reduced accumulation in other tissues

® Able to deliver the drug at moderate
concentrations over a longer period of time
- Half life: 54 hours

® Result: An anticancer drug that is

delivered more effectively
- decreased side effects and dosage

o Doxil acts by the intercalation of DNA

Dr. MBeesh
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Side effects

= Hand-Foot Syndome
m Stomatitis

m Fever

m Neutropenia

= Nausea, vomiting, tiredness, weakness, rash,
shortness of breath, or mild hair loss

m Loss of appetite
» Diarrhea
Cardiotoxcity

Dr. MBeesh
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Approved by the FDA in 2004
Marketed by SkyePharma
Liposomal cytarabine
Anticancer drug used in the
treatment of malignant

neoplastic meningitis

Administered intravenously every

2 weeks

DepoCyt

Dr. MBeesh

10C 57665-331-01

50 mg/5 mL
(10 mo/mb)
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