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Liposomes as drug delivery systems
Biopysical and Thermodynamical considerations of their metastable phases



❑ Nanotechnology is multidisciplinary scientific field that deals with the development
and use of materials with a dimension equal to one billionth of a meter (1nm = 10-
9m).

❑ The first report of nanotechnology was from Richard Feyman

❑ Prof. Nario Tanaguchi was the first to introduce the term nanotechnology from the
University of Sciences in Tokyo, in 1974.

❑ In 1995, FDA approved Doxil (liposomal doxorubicin) to cure cancer.

❑ In 2012 the first report on bio-mimetic drug delivery nano systems was published

❑ In 2015 ThermoDox (thermosensitive liposomal doxorubicin) was evaluated in clinical
trials (Phase III).

❑ In 2015 FDA approves Onivyde (liposomal irinotecan) for advanced pancreatic cancer

❑ In 2017 FDA approves Vyxeos, (liposomal cytarabine + dounorubicin) [ Jazz
Pharmaceuticals, Inc] for Acute Myeloid Leukemia (AML)

[44 mg daunorubicin and 100 mg cytarabine encapsulated together in liposomes. The volume of reconstituted Vyxeos required for each dose is calculated

based on the daunorubicin dose (mg/m2) using body surface area. Since Vyxeos is a fixed-dose combination, and dosing based on the daunorubicin

component, the corresponding cytarabine dose is included and does not need to be calculated].

Ref. Saladin Nanotechnology for the development word. Chaos Solition Fractals 30 (4): 769-773, 2006

Ref. C. Demetzos ‘Pharmaceutical Nanotechnology. Fundamentals and practical applications’ 2016, Springer



Cholesterol is a 
fundamental 

biomolecule that 
affects the lyotropism

of liquid crystalline 
state of matter of 
lipidic bilayer. The 
lyotropic effect is a 

concentration 
dependent 

phenomenon



SELF - ASSEMBLY

WHAT IS SELF – ASSEMBLY ?
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“Self-assembly” is not synonymous with “formation.” (Whitesiedes
and Grzybowski, 2002).

Self – assembly is the procedure by which individual compounds
that contain enough information, can build an organized structure.

The self-assembly process of amphiphilic molecules is of
fundamental interest and is important in many applications,,
nanomaterial synthesis, drug delivery, pharmaceutical formulation,
and other dispersant technologies.

Self-assembly of  bio structures

This in situ approach needs bio-organization
process that ‘promotes thermodynamic criteria
governing phase transitions that are the
mechanistic basis for their ‘smartness’. There are
no logic algorithms on board, no decision –making
or rationalizing framework and no intellectual
capacities. [Ref. Int. J. of Pharmaceutics 454 , 521-
524, 2013 by D. Grainger].

Particles can self-assemble as a result
of their intermolecular forces. As
systems look to minimize their free
energy, self-assembly is one option
for the system to achieve its lowest
free energy thermodynamically

https://en.wikipedia.org/wiki/Intermolecular_forces


SELF ASSEMBLY PROCESS OF PHOSPHOLIPIDS FOR PRODUCING 
PHOSPHOLIPID BILAYERS. 

THE SELF ASSEMBLY PROCESS IS BASED ON THE PHYSICOCHEMICAL 
CHARACTERISTICS OF THE INITIAL BIOMATERIALS



CELL  MEMBRANE



Nature promotes complex systems as ‘living systems’ . This concept promotes plethora
of metastable phases and clustering effects which are processes of high quality (i.e
signalling transduction) that take place within the lipid bilayers of cell membranes. (Ref.

Binder eta al., Angew. Chem. Ind. Ed. , 42, 5802-27, 2003)



M. Estanqueiro  et al. / Colloids and Surfaces B: Biointerfaces 126 (2015)631–648 

Nanocarriers belong to Nanocolloidal dispersed 
systems . Their physicochemical characteristics 

are important in order to correlate their 
behavior with that of the living cells



◦ Pseudo-Spherical vesicles with a phospholipid bilayer

Hydrophilic

Hydrophobic

LIPIDIC  NANOCARRIERS  IN PHARMACEUTICS



CONVENTIONAL LIPOSOMAL DRUG 
DELIVERY nanoSYSTEMS

Simple 
liposomes

Anionic
liposomes

Cationic 
liposomes

PEGylated
(stealth)
liposomes



Lipidic and Liposomal  formulations of Amphotericin B

Amphotericin  B Lipid Complex Amphotericin  B Colloidal Dispersion



AMBISOME  (LIPOSOMAL AMPHOTERICIN B) 



STEALTH LIPOSOMAL FORMULATION
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Ref. Liposomal Formulations in Clinical Use: An Updated Review by Upendra Bulbake †, Sindhu Doppalapudi †, Nagavendra Kommineni and Wahid Khan , 
Pharmaceutics, 9, 12, 2017 



Advanced  Liposomal  Drug 
Delivery nanoSystems

❑ STIMULI  - RESPONSIVE  LIPOSOMAL nanoSYSTEMS

❑ CHIMERIC/MIXED  LIPOSOMAL  nanoSYSTEMS (Chi-aDDnSs)



Scheme of the intracellular trafficking of a nanocarrier after cell uptake. The 
nanocarrier with pH-sensitive properties can undergo

several processes that result in selective targeting to the cytosol, nucleus or other 
subcellular organelles

Ref. Nanotechnology Approaches to Target Endosomal pH: A Promising Strategy for an Efficient Intracellular Drug, Gene and Protein
Delivery by Daniele Rubert Nogueira, Montserrat Mitjans and M. Pilar Vinardell*in Drug Delivery Letters 2014



1) Polymers are materials that are widely used in the pharmaceutical industry in various

technological formulations and in bioactive molecule delivery system coating.

2) Polymer behavior is directly related to their chemical structure. Also, their abilities

depend on the way that monomers are connected to each other.

3) Polymers can have linear or branched chains that may cross each other. Copolymers are

composed of more than one monomer and develop new polymers with completely new

properties.

Altering copolymer

Block copolymer

Random copolymer

Graft copolymer

Chi-aDDnSs



Chimeric Chi- aDDnS

Liposomes + Pamam + 

Methotraxate

Liposomes + Pamam + 

Doxorubicin

Ref. Klopade et al.,Int. J. Pharm., 

2002

Ref. 1. Papagiannaros, Demetzos et al., Int. J. 

Pharm. 2005

2. Papagiannaros, Demetzos, National Patent, 

2006

3. Gardikis, Demetzos et al.,, J.Pharm.Sc., 

2010

Liposome

Dendrimer Drug



BASIC SCIENTIFIC TOOLS FOR STUDYING LIPOSOMAL 

PHOSPHOLIPIDIC MEMBRANES

The Biophysics and Thermodynamics are considered as the basic
scientific elements for studying artificial cell membranes and
provide projection of the behavior of nano systems as artificial
cell models.

The synergy regarding
the biophysical
behavior of artificial
biomembranes and of
cell biology has
promoted
nanoparticulate systems
as drug delivery nano-
platforms, while their
thermotropic behavior
can be correlated with
cell functionality



Liquid crystalline phases of phospholipids

Ref. Koynova R., Caffrey M., Phases and phase transition of the phosphatidylocholines, Biochim. Biophys. Acta 1376, 91-

145, 1998

Thermodynamics is the fundamental scientific element that

could efficiently be used for studying and analyzing the

behavior of artificial biological membranes that could be

correlated with biological networks and create scientific

platforms for the system therapeutics concept.



APPLICATIONS OF DSC ON LIPID BILAYERS AND ON LIPOSOMES

Liposomes Incorporating Bioactive Compounds and Biomaterials –

PAMAMDendrimer

These are metastable phases that coexist in a non-equilibrium state



DSC thermograms of fully hydrated bilayers of DPPC with varying amounts (a: 0 mol%, b: 2.5 mol%, c: 5 mol%, d: 10 mol%, e: 15 mol%, f: 20 mol%, g: 30 mol%) of compound 1 

(A), compound 2 (B), cholesterol (C), equimolar mixture of cholesterol and compound 1 (D) and equimolar mixture of cholesterol and compound 2 (E). (Adapted with permission 

from Elsevier, from Chem Phys Lipids, 2005 138, 1-11. Labdane-type diterpenes: thermal effects on phospholipid bilayers, incorporation into liposomes and biological activity. 

Matsingou, C; Hatziantoniou, S; Georgopoulos, A; Dimas, K; Terzis, A; Demetzos, C.)



The metastable phases, can
cause biophysical and
thermodynamic
abnormalities that could
be defined as ‘ biophysical
disease factors’

‘Pharmaceutical 
Nanotechnology. 
Funtamentals and 

practical 
applications’,

by

Costas  Demetzos

Springer, 2016

Metastable phases play an important role in the behavior of lipid membranes.
Topics touched upon include the experimental detection of domains, their
composition, domain induction, properties of rafts (a special form of domain), and
the relationship of metastable phases to human diseases.

Domains and Rafts in 
Lipid Membranes

by
Wolfgang H. Binder,* 
Veronique Barragan, 

and Fredric M. Menger

Angewandte
Chemie

Keywords:
block copolymers · 

domains · lipid
membranes · rafts · 

vesicles





DSC heating scans of DPPC:MPOx a. 9:0 b. 9:0.1 c. 9:05

d. 9:1 and e. 9:3 molar ratio liposomes.
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Correlation of the thermotropic behaviour of chimeric liposomal nanosystems

incorporating drug with their release profile.

The chimeric liposomal nanosystems is composed of phospholipids (DPPC) and of a block co-

polymer (MPOx). The lyotropic effect of the nanosystem (biophysical behaviour)  is driven by the 

percentage composition of the polymeric guest

The cartoon represents the structural 

organization of the lipidic bilayer 

Ref. Pippa N., Dokumetzidis A., Pispas S., Demetzos C., et al. Intern. 

Journal of Pharmac 2014. 



Ref. Liposomal Formulations in Clinical Use: An Updated Review by Upendra Bulbake †, Sindhu Doppalapudi †, Nagavendra Kommineni and Wahid Khan , 
Pharmaceutics, 9, 12, 2017 



Ref. Liposomal Formulations in Clinical Use: An Updated Review by Upendra Bulbake †, Sindhu Doppalapudi †, Nagavendra Kommineni and Wahid Khan , 
Pharmaceutics, 9, 12, 2017 



FINAL Conclusions
Liposomes are considered as attractive drug delivery nanosystems and they are also used 
as nanotechnological platforms in many application (cosmetics, food technology, etc ) 

The behavior of bio-membranes as highly complex bio-systems, as well as of artificial lipidic membranes, leads to the 

formation of metastable phases. 

Ref.   1. Costas Demetzos ‘Pharmaceutical Nanotechnology. Funtamendals and practical Application’, 2016, Springer
2. W. H. Binder, V. Barragan, and F. M. Menger in the Journal of Angew. Chem. Ind. Ed, 2003, 42, 5802-5827

By mimicking biological functions and by ‘reproducing’ the
metastable phases of living cells by constructing artificial bio-
systems at nano-dimension (i.e. liposomes) we can create ‘smart’
bio-nanosystems that are able to mimic living cell membranes and
can be used in pharmaceutical formulations.



Laboratory of Pharmaceutical 
Nanotechnology University of 
Athens, Greece

http://nanopharmlab.gr/index.php/en/



RESEARCH INTERESTS:

 Pharmaceutical nanotechnology: nanocarriers/nanovehicles

 Liposomes

 Lipid nanoparticles

 Polymersomes

 Micelles

 Nanoemulsions

 Niosomes

 Hydrogels

 Liquid crystals

 Chimeric /mixed systems

 Physicochemical characterization

 Thermal Analysis

 Dynamic Light Scattering

 Electrophoretic Light Scattering

 Drug Release studies

 Drug release Kinetics
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SUCCESS STORIES :

 More than 150 publications in the field of pharmaceutical nanotechnology (2002-2017)

 More than 300 presentations and invited lectures into scientific meetings and International Congresses

 More than 10 patents in the field of nanocarriers

 European Research projects: in progress

in collaboration with 6 European laboratories

 International and National Awards

 National and European Scholarships

of the members of the Lab

 Collaboration with Pharmaceutical Industries

NANOGLIO
NANOTECHNOLOGY BASED

IMMUNOTHERAPY FOR GLIOBLASTOMA

EURONANOMED 2

EURONANOMED II 
Joint Transnational Call for Proposals (2016) for 

“EUROPEAN INNOVATIVE RESEARCH & TECHNOLOGICAL 

DEVELOPMENT PROJECTS IN NANOMEDICINE” 

Nanotechnology based immunotherapy for glioblastoma 

(NANOGLIO)



7 Partners

Santoni (Italy, Clinical) (Immunomodulation)

Kaminska (Poland, Academia) (Anticancer)

Peng (France, Academia) (DDSs)

Videira (Portugal, Academia) (DDSs)

Demetzos (Greece, Academia) (DDSs)

Pricl (Italy, Academia) (Computer Modeling)

March (France, Academia) (Toxicity)



SUCCESS STORIES : 

COLLABORATION WITH PHARMACEUTICAL INDUSTRIES

 Generic medicines: liposomal amphotericin B

 Kits with biopolymers

 Cosmeceuticals: cerasomes

 Nutraceuticals: liposomal vitamins and liposomal natural products

•Complete Physicochemical characterization (stability studies)

•Design and Development of nanocarriers

•Encapsulation of bioactive substances into nanocarriers

•Preparation of the dossier of the final product/final formulation

•Education of the opinion leaders

•Dissemination: papers and international conferences
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Peer-review papers 

on the scientific 

excellence of the 

final formulations:
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NATIONAL  HELLENIC RESEARCH FOUNDATION

Institute  of  Organic and Pharmaceutical Chemistry
• Dr. Maria Micha-Screttas
• Dr. Barry Steele

Institute of Theoretical and Physical Chemistry
• Dr. Stergios Pispas 
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‘’(…) It has been
therefore a great personal

pleasure to write the Preface

of the present book by

Professor Costas Demetzos.

His monograph,

‘Pharmaceutical

Nanotechnology’, is a

unique publication (…)’’
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Vincent van Gogh 
Branch of almond – tree in flowers, 1890

Thank you for your kind attention


