
Self-assembly/precipitation
Molecules that want to stay together

Sistemi auto-organizzati

Self‐assembly: individual molecules group together, driven by intermolecular forces to form 
associated structures 



Nanoparticles growth
Nanobiotecnologie

Aggregation/precipitation should
stop at infinite radius



Surfactants
Nanobiotecnologie

SO4 (Sodio) DodecilSolfato (SDS)

coda idrofobica testa polare

TENSIOATTIVO

Insoluble
aggregation

soluble
repulsion



Self-assembly
Critical micelle concentration (CMC)

Sistemi auto-organizzati



Micelles
Sistemi auto-organizzati

20‐50 mJ m‐2



Micelles
Optimal headgroup area

Sistemi auto-organizzati

Attractive contribution

Repulsive contribution



Micelles
Spherical micelles

Sistemi auto-organizzati

To have a spherical micelle a0 must be sufficiently large and v
sufficiently small to allow the micelle radius to not exceed lc.
For a spherical micelle of radius R and mean aggregation 
number M we have:



Micelles
Packing parameter

Sistemi auto-organizzati



Micelles
Sperical micelles

Sistemi auto-
organizzati



Nanosistemi

Tensioattivi bicoda

N Br



Double layers

Vescicola/liposoma

Nanobiotecnologie

Doppio strato

Se un tensioattivo possiede due code 
idrofobiche, queste rendono la sua 
struttura cilindrica, favorendo un 
impaccamento a doppio strato



Vesicles and liposomes
Nanobiotecnologie

T

Il passaggio di un tensioattivo da una 
parte del doppio strato alla parte opposta 
è sempre molo lento. Il movimento dalla 
stessa parte dello strato è rapido. 

A bassa T le catene idrocarburiche sono completamente estese ed impaccate 
(fase gel), ad alta T le catene diventano più mobili (fase fluida). La transizione 
avviene ad una determinata T detta di transizione di fase.



Liposomes and nanoparticles in therapy
Nanobiotecnologie

Historical timeline of clinical-stage nanoparticle technologies.



Nanobiotecnologie
Liposomes and nanoparticles in therapy
While less attractive in scientific literature, liposomes represent the 
most diffused nanotehcnology used for therapy and diagnosis.

“To date, 11 liposomal drugs and 1 Nab drug have been approved by 
the FDA for a myriad of clinical applications, along with one 
polymeric micelle product for oncologic use in Korea. Three iron 
oxide NP products are also on the market for in vivo imaging use 
(recently withdrawn n.d.d.).”



Vescicole e doppi strati
Nanobiotecnologie



Liposomes: synthesis
Nanobiotecnologie

Classical methods: sonication and extrusion



Liposomes: synthesis
Nanobiotecnologie

Classical methods: microfluidics
• Extrusion: large liposomes (down to 80-50 nm)

• Sonication: small liposomes (down to 20 nm). Contamination, degradation, scaling-up.

• Microfluidics: fast mixing prevents formation large aggregates.



Self-assembled system
Nanobiotecnologie

Large library of building blocks



Evolution of liposomes for drug delivery
Nanobiotecnologie



Liposome-based cancer therapy
Nanobiotecnologie

Carrier design: EPR (Enhanced Permehatio and Retention) effect

• Due to the leaky (immature) tumor 
vasculature and to the absence of 
lymphatic drainage

• Passive targeting effect: the drug 
accumulate in the tumor because it 
is large.

• Prolonged circulation times improve 
the effect.

• Optimal size: above 10 nm, below 
200 nm to avoid spleen filters and 
renal clearance.

Other tumor features:
• High interstitial pressure due to the lacking of lymphatic vessels
• Lower pH
• Poor in nutrients and oxygen



Liposome-based cancer therapy
Nanobiotecnologie

Carrier design: stealth properties



DOXORUBICIN
Nanobiotecnologie

and other anthracyclines

• Discovered in the ‘50 (in Italy, commercial name Adriamicin)
• Widely used for leukemia, Hodgkin’s lymphoma, bladder and breast cancers

• Kill selectively rapidly growing tissues by intercalating DNA during cell division
• Inhibits the enzyme topoisomerase II, preventing the relaxing of super-coiled DNA
• Forms iron-mediated free radicals that cause oxidative damage to DNA, proteins, and cell 

membrane lipids (in particular negatively charged cardiolipin present in mitochondria)

• Toxic for hair, gastrointestinal mucosa, and blood cells
• Severe cardiotoxicity (high amount of mitochondria)
• Multidrug resistance (MDR) due mainly to efflux proteins



First trials: OLV-DOX 
Nanobiotecnologie

Carrier design: EPR effect

• Medium-size (300 nm) oligolamellar liposomes (OLV) composed of 
two low-Tm (fluid) phospholipids: the zwitterionic egg-derived 
phosphatidylcholine (EPC) and the negatively charged egg-derived 
phosphatidylglycerol (EPG)

• Doxorubicin was membrane associated and passively loaded 
during the lipid hydration

• Effective in mice

• Clinical trials with humans: higher maximum tolerated dose (MTD) 
than free DOX, no substantial therapeutic benefit

• Fast release due to high dilution (1:5 in mice, 1:3500 in humans)

• RES capture (negative charge)

• No extravasation (size)

• No uptake even by liver tumors



Solutions: drug loading
Nanobiotecnologie

Remote loading

[(NH4)2SO4]lip >> [(NH4)2SO4]med (1000-fold)
pHlip<<pHmed (3 pH units)
Encapsulation efficiency > 90%



Liposome-based cancer therapy
Nanobiotecnologie

KB cells, treated with DOX 50 M

Carrier design: stealth properties

Rats, injected with PEGylated and 
non-PEGylated liposomes



Liposome-based cancer therapy
Nanobiotecnologie

High Tm liposome

MPEG2000-DSPE

Hydrogenated soy PC

HsPC/Cholesterol/MPEG2000-DSPE 56.4:38:3
Drug to lipid ratio (weight): 0.126



DOXYL/CAELIX
Nanobiotecnologie

PEGylated liposome-incapsulated doxorubicin
• Marketed in 1995 (Patent expired in 2010)
• The liposome technology changes the 

pharmacokinetics and biodistribution of Dox, allowing 
for longer circulation half-life (250-fold longer) and 
higher tumor concentration (4-16-fold higher). 

• Clearance show a two phases profile with a minor fast 
(1-3 h) and a major slow one (30-90 h).

• Prolonged tumor peak (4 days)

• 98% of circulating Dox in plasma is 
liposome-associated

• The presence of metabolites in urine 
demonstrates release in the tumor site 
(Dox is metabolized only intracellulary)

• Stealth liposomes associated cis-platinum 
is not released and ineffective.

• Most likely release mechanism is osmotic 
shock or pH gradient inversion or 
ammonia neutralization



DOXYL/CAELIX
Nanobiotecnologie

PEGylated liposome-incapsulated doxorubicin

• DOXIL enhances the therapeutic index of Dox by reducing its cardiotoxicity, higher 
cumulative dose is allowed. Perform better than free DOX in several cases.

• Recurrent, platinum-resistent ovarian cancer can be treated with carboplatinum/DOXIL, 
DOXIL has an immunosuppressant activity that prevent anti-platinum Ig activity.

• DOXIL exhibits a new side effects: i) severe hand-foot syndrome (palmarplantar 
erythrodysesthesia), ii) complement activation-related pseudo-allergy (CARPA) during 
infusion.

• Due to these side effects, maximum tolerated dose (MTD) of DOXIL (50 mg/m2 every 4 
weeks) is lower than that of standard Dox (60 mg/m2 every 3 weeks) 

• Limitations lack of sustained release and narrow range of chemical payloads that can be 
compatible with this platform.



MIOCET
Nanobiotecnologie

liposome-incapsulated doxorubicin

• Approved in 2000 in Europe
• Egg phosphatidylcholine/colesterol 1:1 (low Tm), 180 nm
• Lipid/drug 0.27, loading by pH gradient, internal precipitation of citrate salt
• Rapid uptake by MPS (Mononuclear Phagocitic System) followed by slow release, avoid 

plasma peaks and consequent cardiotoxicity
• 5-fold slower clearance than free Dox
• MTD, 75 mg/m2 every three weeks
• Toxicity: myelosuppression 

PC



AmBisome®/Fungisome®

Nanobiotecnologie

Liposome-incapsulated Amphotericin B

• Targets sterols (ergosterol, colesterol) in cell membrane causing 

membrane disruption (ion channels)

• Sterols are present both in fungal and mammalian cell membranes

• Severe infusion reaction (fever)

• Severe nephrotoxicity



AmBisome®/Fungisome®

Nanobiotecnologie

Liposome-incapsulated Amphotericin B

Distearoylphosphatidylglycerol

Hydrogenated soy phosphatidylcholine 

PC/DSPG/Col 50:25:25   Drug loading 10%    80 nm

Apparently, Amphotericin B loaded liposome disrupt after interaction with 
fungal cell walls but not with mammalian cell walls (selective delivery)

Accumulation in tissues (included MPS) and slow release have been 
recently suggested.



Nanobiotecnologie
Liposome-based drug formulations
Carrier design: active targeting

No PEG

sphingomyelin/cholesterol
Targets MPS



Nanobiotecnologie
Liposome-based cancer therapy
Carrier design: active targeting



Evolutions: liposomes for siRNA delivery
Nanobiotecnologie

• New therapeutic modality introduced in 
early 2000.

• siRNA, once entered in the cytoplasm, is 
incorporated into a protein complex called 
the RNA induced silencing complex (RISC)

• There, the siRNA sense strand is cleaved 
and the activated RISC seeks and cleave 
mRNA complementary to the siRNA 
antisense strand.

• therapeutic effect lasts for 3–7 days in 
rapidly dividing cells, and for several weeks 
in non-dividing cells 

• broader therapeutic potential than typical 
small-molecule drugs, as any gene can in 
principle be silenced using the appropriate 
siRNA. 



Nanobiotecnologie
Obstacles in siRNA delivery

• In vivo degradation by nucleases.
• siRNA is too large (13 kDa) and negatively 

charged to cross membranes and enter 
cells

• Rapid plasma elimination.
• Renal and hemodynamic toxicity
• Immunogenicity 



Nanobiotecnologie

Solutions by RNA modification:
siRNA delivery

• Direct administration in the target tissue prevents rapid clearance
• Renal and hemodynamic toxicity is reduced by lowering dose and slowing down 

infusion.
• 2’-O-methylmodification prevents immune system activation and nuclease cleavage
• Cholesterol conjugation improves biodistribution by association of siRNA with albumin.



Nanobiotecnologie

Delivery by cationic liposomes

Neutral lipids
 Low encapsulation efficiency

Cationic lipids
 High encapsulation efficiency
 Increased cellular uptake in in vitro

experiments 
 Aggregate structure unclear
 In vivo proteins absorption
 Decreased uptake
 Increased clearance
 Complement activation

Cationic

Liposomes for siRNA delivery



Nanobiotecnologie

pH sensitive phospholipids
Evolutions: liposomes for siRNA delivery

DODAP
pKa = 6.6

1. Dried lipid film + RNA in buffer (pH 4), extrusion, ion chromatography (pH 7).
 30% encapsulation efficiency, extrusion slow, 30% RNA and lipid loss

2. Dried lipid film + RNA in buffer (pH 4) + ethanol, extrusion, ion chromatography (pH 7).
 70% encapsulation efficiency, extrusion fast, >3% RNA and lipid loss

3. Ethanol lipid solution+ RNA in buffer (pH 4) , extrusion, ion chromatography (pH 7).
 As above

C14 PEG phospholipid prevents liposomes aggregation during preparation/functionalization, 
but in vivo is released in 5-10 minutes after injection.

DSPC, CH, DODAP, PEG-CerC14 (25/45/20/10)



Nanobiotecnologie

Encapsulation efficiency
Liposomes for siRNA delivery



Liposomes: synthesis
Nanobiotecnologie

Microfluidic synthesis



Nanobiotecnologie

Size and morphology: the role of PEG
Liposomes for siRNA delivery

Low RNA content

High RNA content

RNA/ethanol/
PEG-Cer

No PEG-Cer/ 
no ethanol

Increase in PEG-Cer lead to 
smaller and monodisperse 
particles  



Nanobiotecnologie

Encapsulation mechanisms
Liposomes for siRNA delivery

Polyanionic DNA induces 
aggregation and later fusion of 
cationic liposomes

PEG-Cer prevents aggregation and 
encapsulation in the absence of ethanol
In the presence of ethanol end PEG-Cer 
small multilamellar aggregates are formed.
In the absence of PEG-Cer and ethanol 
large multilamellar aggregate  form, which 
transform into large  MLV with ethanol.



Nanobiotecnologie

Endosome escape mechanism
Liposomes for siRNA delivery



Nanobiotecnologie

Optimizion: the alkyl chains
Liposomes for siRNA delivery

The presence of cis double bonds increase the surfactant 
tendency to form hexagonal lamellar phases



Nanobiotecnologie

Optimization: the linker
Liposomes for siRNA delivery
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Nanobiotecnologie

Optimization: the pH sensitive unit 
Liposomes for siRNA delivery



Nanobiotecnologie

pH sensitive phospholipids
Evolutions: liposomes for siRNA delivery

• pKa 6.44 is the optimal compromise 
between having a full positive charge in the 
liposomes (pH 5) and no charge at pH 7.4.

• Positive charge helps interaction with 
negatively charged cellular membranes 
favoring liposomial membrane disruption.

• Neutral charge reduces opsonization and 
favors the adsorption of lipoprotein ApoE.  

• ApoE is the targeting agent toward 
hepatocytes.



Nanosistemi

Microemulsioni: stabilizzare la superficie

pinzimonio

maionese



Nanosistemi

Microemulsioni: stabilizzare la superficie

Agitazione Tensioattivo

pinzimonio maionese

separazione di fase



Nanosistemi

Microemulsioni: stabilizzare la superficie

Un intervento meccanico (agitazione, sonicazione) può separare la fase immiscibile 
in goccioline anche piccolissime (fino a 50 nm).

La superficie totale della fase idrofobica diventa molto elevata, inoltre la zona 
superficiale è instabile a causa della repulsione acqua-olio (= tensione superficiale).

Ricombinandosi, le gocce diminuiscono l’area totale della fase immiscibile.

Il tensioattivo stabilizza l’emulsione impedendo la ricombinazione delle gocce: effetto 
sterico ed elettrostatico. Solitamente non è richiesta energia per formare la 
microemulsione, mentre è necessaria per formare un’emulsione.

Agitazione Tensioattivo



Nanosistemi

Microemulsioni: stabilizzare la superficie
Microemulsions are thus defined as ‘a system of water, oil 
and amphiphile which is a single optically isotropic and 
thermodynamically stable liquid solution.’

Danielsson and Lindman, 1981

“the system contains some and definite microstructure, 
in other words there is a definite boundary between the 
oil and water phases at which the surfactant is located”.



Nanosistemi

Microemulsioni: stabilizzare la superficie
Depending on the components 
used, microemulsion existance 
may be confined to a very 
narrow composition range. 

2 phases

Water exposure of the oil phase 
is greater in regions of reverse 
curvature. 



Nanosistemi

Microemulsioni: stabilizzare la superficie
Il tensioattivo può agire anche da funzionalizzante, 
impartendo capacità stealth, di targeting attivo, ecc.

Molecole di farmaco possono essere caricate nella fase 
idrofobica.

Vantaggi

• Nanoparticelle più grandi delle micelle

• Maggior capacità di carico di molecole idrofobiche rispetto a micelle e liposomi



Nanosistemi

Microemulsioni in natura: lipoproteine



Nanosistemi

Microemulsioni: nanoreattori

AIBN purificazione

Latex nanoparticle

All’interno di microemulsioni (anche a fase inversa) possono essere sintetizzati altri 
tipi di nanosistemi

Se le molecole che compongono/sono contenute nella 
fase idrofobica vengono indotte a polimerizzare si 
possono ottenere nanoparticelle polimeriche.

n



Nanosistemi

Microemulsioni: nanoreattori
Emulsioni a fase inversa (water in oil, w/o), sono piccole goccioline d’acqua in un 
solvente organico stabilizzate da un tensioattivo.

Le dimensioni dipendono essenzialmente dalla quantità di acqua e di tensioattivo 
aggiunta.

Non sono utili in campo biomedico, ma possono essere un utile nanoambiente in cui 
crescere diversi tipologie di nananosistemi.

AOT



Nanosistemi

Microemulsioni: nanoreattori

allontanemento
del solvente

PLGA

PLGA nanoparticle

All’interno di microemulsioni (anche a fase inversa) possono essere sintetizzati altri 
tipi di nanosistemi

Se la fase idrofobica è costituita da una soluzione, in genere di un polimero o un 
farmaco,  in un solvente organico, l’allontanamento del solvente lascia come 
residuo nanoparticelle organiche.



Nanosistemi

Microemulsioni: nanoreattori

L’allontanamento del solvente 
organico può avvenire in diversi modi:

• evaporazione

• diffusione in acqua

Evaporazione

Diffusione Diffusione



Nanosistemi

Nanoparticelle organiche da emulsioni

Acqua

Solvente organico 
immiscibile

Emulsione

Micro-emulsione

Nanoparticelle polimeriche

Polymer nanoparticles

Organic nanoparticles

Polimerizzazione

Allontanamento 
del solvente

Allontanamento 
del solvente



Nanosistemi

Nanoparticelle di molecole organiche
Usando le tecniche di microemulsione e omogeneizzazione, le nanoparticelle possono essere 
preparate anche con piccole molecole organiche, ad esempio farmaci

Nature Reviews, 2004, 785



Nanosistemi

Nanoparticelle di molecole organiche

Nature Reviews, 2004, 785



Nanosistemi

Nanoparticelle di molecole organiche

Nature Reviews, 2004, 785



Nanobiotecnologie
Paclytaxel

• Discovered in the ‘70
• It act as mitosis inhibitor due to microtubles depolymerization

• Cornerstone drug for many tumours and leukemia
• Insoluble in water, delivered dissolved in castor oil derivative, Cremophor EL, and ethanol
• High toxicity arising from the solvent

• Docetaxel is a similar derivative administered in Tween-80 micelles.



Nanobiotecnologie
Abraxane

high-pressure
homogenization



Nanobiotecnologie
Abraxane

When compared to standard paclitaxel, Abraxane demonstrated significantly higher tumor response rates 
(33% vs 19%) and longer times to tumor progression (23.0 vs 16.9 weeks) among metastatic breast cancer 
patients who have failed combination therapy
Nabs rapidly disassociate into individual albumin molecules and then circulate with paclitaxel (Ptxl), thus 
minimally altering the circulation half-life and biodistribution profiles of Ptxl, at difference with Cremophore 
which preventes Ptxl albumin binding.
the Nab technology significantly improved the MTD of Ptxl from 175 to 260 mg/m2 every 3 weeks by enabling 
the exclusion of the toxic formulation excipient, Cremophor.
Target the cd60 receptor on epithelial cells
Nab tecnology is ineffective with Docetaxel



Nanosist
emiNanoparticelle di PLGA

PGA e PLA sono due polimeri biodegradabili: in presenza di acqua i gruppi esterei vengono 
idrolizzati ed il contenuto della particelle rilasciato.

acido poliglicolico
idrofilico

acido polilattico
idrofobico

copolimero polilattico-co-glicolico



Nanosist
emiNanoparticelle di PLGA

La velocità di degradazione viene 
controllata variando il rapporto 
PLA/PGA: maggiore il numero di 
unità idrofiliche (PGA), più veloce 
l’idrolisi.

Enzimi esterasi presenti nei tessuti 
biologici accelerano la degradazione.



Nanobiotecnologie
Polymeric nanoparticles

A10 Apt, which binds to the extracellular domain of 
prostate specific membrane antigen (PSMA)



Nanobiotecnologie
Polymeric nanoparticles
Pre-functionalization



Nanobiotecnologie
Polymeric nanoparticles

(1) delivery of a correct drug ratio to the target-of-interest for synergistic therapeutic effects
(2) suppression of drug resistance
(3) control of each drug exposure in a temporal manner.
In vitro studies demonstrate that the Apt-targeted, dual-drug encapsulated NPs are ∼10 and 5.5 
times more cytotoxic than PLA-Pt-NP-Apt and Dtxl-NP-Apt respectively

Multi-drug delivery



Nanobiotecnologie
Polymeric nanoparticles
Multi-drug delivery

PLGA

higher drug loading and slower drug release, which are mainly attributed to the existence 
of a lecithin monolayer at the interface of the PLGA core and PEG shell



Nanobiotecnologie
Polymeric nanoparticles
pH responsive



Nanobiotecnologie
«Soft» nanoparticles



Nanobiotecnologie
«Soft» nanoparticles



Evolutions: polymerizable liposomes
Nanobiotecnologie



Evolutions: polymerizable liposomes
Nanobiotecnologie



Evolutions: nanoparticles liposome hybrids
Nanobiotecnologie



Evolutions: nanoparticles-liposome hybrids
Nanobiotecnologie



Embedding nanoparticles in the double layer
Nanobiotecnologie

• 50 nm POPC liposomes 
• 1.8 nm gold nanoparticles 

coated with 1-dodecanethiol

Co-extrusion
Dyalisis



Embedding nanoparticles in the double layer
Nanobiotecnologie

Lipid:np 1500:1

Lipid:np 100:1

Co-extrusion



Embedding nanoparticles in the double layer
Nanobiotecnologie

Dialysis



Phototriggered drug release
Nanobiotecnologie

1-hexanethiol Mercaptosuccinate

DPPE-Nanogold®-particles
(1 DPPE per particle) 

Prepared by co-extrusion



Nanobiotecnologie
Phototriggered drug release



Nanobiotecnologie
Nanoparticles-liposome hybrids

DSPC
5 m

DOTAP
5 m

DOTAP
24 h

Xenografted tumor slices (gree: QD, red: nuclei)



Nanobiotecnologie
Nanoparticles-liposome hybrids



Nanobiotecnologie
Nanoparticles-liposome hybrids



Nanobiotecnologie
Nanoparticles-virus hybrids

• sterically stabilized (DSPE-PEG-containing) L-
QD exhibited prolonged blood circulation 
compared to cationic L-QD hybrids. 

• cationic L-QD hybrids showed high transient 
lung accumulation post-injection



Nanobiotecnologie
Nanoparticles-virus hybrids
• Viruses are attracting a great interest for their 

nanosize and ease of functionalization taking 
advantage of bioconjugation reactions with surface 
amines (K) or cystein (S).

• Virus are an optimal choice for DNA delivery but the 
present major drawbacks.

• rapid blood clearance (requiring multiple 
administrations), 

• tissue toxicity (liver in the case of Ad),
• activation of severe and complex immune 

responses
• PEGylation reduce RES activation but also 

transfection efficecy


