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WHY NANOTHERAPEUTICS?WHY NANOTHERAPEUTICS?

-- More More efficaciousefficacious
-- LessLess toxictoxic
-- EasierEasier toto administeradminister

HOW DO THEY WORK?HOW DO THEY WORK?

-- OvercomingOvercoming barriersbarriers
-- TargetedTargeted controlledcontrolled deliverydelivery
-- PreservingPreserving stabilitystability
-- SolubilizingSolubilizing hydrophobichydrophobic drugsdrugs



TheThe biopharmaceuticalbiopharmaceutical problemsproblems ofof
drugsdrugs andand vaccinesvaccines
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Drug Drug synthesissynthesis::
LowLow MwMw compoundscompounds

BiotecnologyBiotecnology::
PeptidesPeptides, , proteinsproteins
DNA, DNA, siRNAsiRNA, , ……

TheThe majoritymajority ofof drug drug candidatescandidates do do notnot reachreach PhasePhase I I duedue toto
solubilitysolubility //stabilitystability problemsproblems

More More thanthan 40% 40% ofof active active compoundscompounds approvedapproved in in thethe lastlast decadedecade
are are biopharmaceuticalsbiopharmaceuticals : : 
unstabilityunstability andand difficultiesdifficulties forfor overcomingovercoming biologicalbiological barriersbarriers

THE NEED OF A DELIVERY CARRIERTHE NEED OF A DELIVERY CARRIER



NanotherapeuticsNanotherapeutics

TherapeuticTherapeutic benefitsbenefits

EconomicalEconomical benefitsbenefits

Social Social benefitsbenefits

ImprovedImproved medecinesmedecines
easiereasier toto administeradminister

More More efficaciousefficacious andand
lessless toxictoxic nanomedicinesnanomedicines

NewNew medicines, medicines, 
nucleicnucleic acidacid--basedbased therapiestherapies



SomeSome real real examplesexamples: : cancercancer therapytherapy



DRUGDRUG--POLYMER CONJUGATESPOLYMER CONJUGATES

Fase III
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hepatocelular

Polyestiren-maleic
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Neocarzinostatina

Zinostatin®

(Yamanouchi
Pharm)

Leucemia PEGAsparaginasa
Oncaspar®

(Enzon)
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SomeSome real real examplesexamples: : cancercancer therapytherapy



POLYMER NANOPARTICLES AND MICELLES POLYMER NANOPARTICLES AND MICELLES 

Colorectal

Mama

IndicationIndicationDrugDrugCompositionComposition
Commercial Commercial 

namename

Cis-platinoPglu-PEG MicellesEloxatin ®

PaclitaxelAlbumin NanoparticlesAbraxane ®

SomeSome real real examplesexamples: : cancercancer therapytherapy



SomeSome real real examplesexamples: : cancercancer therapytherapy

•• MecanismMecanism ofof actionaction: : thethe nanoparticlesnanoparticles leaveleave thethe bloodblood vesselsvessels
by a receptor by a receptor mediatedmediated ((glycoproteinglycoprotein 60) 60) transcitosistranscitosis andand
accumulateaccumulate in in thethe tumoral tumoral tissuetissue duedue toto theirtheir interactioninteraction withwith
SPARC (SPARC (proteinprotein overexpressedoverexpressed in tumoral in tumoral cellscells))

•• No No premedicationpremedication isis requiredrequired toto avoidavoid hypersensitivityhypersensitivity
reactionsreactions

•• LowerLower infusioninfusion time time 

AlbuminAlbumin nanoparticlesnanoparticles

ContainingContaining placlitaxelplaclitaxel

AprovedAproved JanuaryJanuary 2005 FDA2005 FDA

IndicationIndication: : 

MetastaticMetastatic breastbreast cancercancer



AdditionalAdditional reasonsreasons forfor nanotherapeuticsnanotherapeutics

Int. Int. Ass.PharmAss.Pharm. . TechTech. . BaselBasel 20072007
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Biocompatible Biocompatible andand biodegradable biodegradable nanostructuresnanostructures

100 100 nmnm

OUR WORK AT THE USCOUR WORK AT THE USC



CURRENT WORK AT THE USC:CURRENT WORK AT THE USC:

RationalRational designdesign ofof nanocarriersnanocarriers basedbased
uponupon final final applicationsapplications ((resolvingresolving problemsproblems):):

-- OvercomingOvercoming mucosalmucosal barriersbarriers: : 
nasal nasal deliverydelivery ofof macromoleculesmacromolecules: : peptidespeptides andand vaccinesvaccines

-- ImprovingImproving efficacyefficacy andand reducingreducing toxocitytoxocity: : 
anticanceranticancer drug drug deliverydelivery

-- NewNew nucleicnucleic acidacid basedbased therapiestherapies: : pDNApDNA, , siRNAsiRNA



OVERCOMING MUCOSAL BARRIERS:OVERCOMING MUCOSAL BARRIERS:
CyclodextrinCyclodextrin//polysaccharidepolysaccharide nanocarriersnanocarriers

PROPERTIES:PROPERTIES:

-- VersatileVersatile

-- ProtectiveProtective effecteffect

-- PermeabilizingPermeabilizing effecteffect

-- AdhesiveAdhesive effecteffect

TECHNOLOGY:TECHNOLOGY:

-- MildMild

-- SimpleSimple

-- FastFast



Cyclodextrin (CD)

+ TPP

Chitosan (CS)

CS/CD 
Nanoparticle 
suspension

Preparation of CS/CD Nanoparticles:

Ionotropic gelation

CS/SBE-ββββ-CD nanoparticles

Magnetic
stirring



FreezeFreeze--dried dried ChitosanChitosan nanoparticles nanoparticles 
before and after before and after resuspensionresuspension



Nasal Nasal administrationadministration

OVERCOMING MUCOSAL BARRIERS:OVERCOMING MUCOSAL BARRIERS:
CyclodextrinCyclodextrin//polysaccharidepolysaccharide
nanocarriersnanocarriers



(n = 6)

INSULIN SOLUTION INSULIN SOLUTION 
<15%<15%

Maximum decrease of
blood glucose levels:

CS/CS/CMCM--ββββββββ--CD CD 
nanoparticlesnanoparticles:32%:32%

CS/CS/SBESBE--ββββββββ--CD CD 
nanoparticlesnanoparticles: 36%: 36%
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Chitosan-CD nanoparticles: In vivo Studies in Rabbits

Insulin solution CS/CM-ββββ-CD CS/SBE-ββββ-CD



Chitosan coating

Oil core –Immunostimulant

rHBs Ag

Size:100-400 nm
Ag loading: 90%

OVERCOMING MUCOSAL BARRIERS:OVERCOMING MUCOSAL BARRIERS:
Oil/Oil/polysaccharidepolysaccharide nanocarriersnanocarriers: : NanovaccinesNanovaccines



Oil/polysaccharide nanocarriers: 
intranasal immunization rHBs Ag
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Control NE - 10µg x 2 i.n.
NC:Ag 1:12.8 - 10µg x 2 i.n.
NC:Ag 1:0.25 - 10µg x 2 i.n.
HBsAg-Alum - 5µg x 1 i.m.



*

** **

* NC:Ag 1:0.25 – HBsAg-Alum & NC:Ag 1:12.8
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Oil/polysaccharide nanocarriers: 
intramuscular immunization rHBs Ag



PaulPaul EhrlichEhrlich

““““““““The maggic bulletThe maggic bulletThe maggic bulletThe maggic bulletThe maggic bulletThe maggic bulletThe maggic bulletThe maggic bullet””””””””

““To go straith to the organisms to To go straith to the organisms to 
WhichWhich theythey werewere aimedaimed””

The Nobel Prize in Physiology or 
Medicine 1908

"in recognition of their work on immunity”

IMPROVING EFFICACY/REDUCING TOXICITY:IMPROVING EFFICACY/REDUCING TOXICITY:
anticanceranticancer drug drug deliverydelivery



PoliaminoacidPoliaminoacidPoliaminoacidPoliaminoacidPoliaminoacidPoliaminoacidPoliaminoacidPoliaminoacid andandandandandandandand polysaccharidepolysaccharidepolysaccharidepolysaccharidepolysaccharidepolysaccharidepolysaccharidepolysaccharide nanocapsulesnanocapsulesnanocapsulesnanocapsulesnanocapsulesnanocapsulesnanocapsulesnanocapsules

LessLess toxictoxic andand
more more efficaciousefficacious

drugsdrugs



“The week link of gene therapy is paradoxically the vehicle rather
than the drug itself”

J.P. Behr, Bioconjugate Chemistry (1994)

NEW NUCLEIC ACID BASED THERAPIES: NEW NUCLEIC ACID BASED THERAPIES: 
pDNApDNA, , siRNAsiRNA

NanobiopharmaceuticalsNanobiopharmaceuticals



ConfocalConfocal
fluorescencefluorescence
microscopymicroscopy

corneacornea

3 d3 díías postas post --
instillationinstillation

Green channel = Transfected cells: GFP

HialuronicHialuronic acidacid basedbased nanoparticlesnanoparticles::
Ocular gene Ocular gene therapytherapy



flHA

flHA:CSO

2h  post-instilación 12h  post-instilación

BIODEGRADABILITY OF BIODEGRADABILITY OF HA:CSHA:CS NANOPARTICLES NANOPARTICLES 
IN CORNEAL TISSUEIN CORNEAL TISSUE



TheThe futurefuture……....

‘‘Inteligent TherapeuticsInteligent Therapeutics’’

‘‘Smart Drug DeliverySmart Drug Delivery’’

-- IdentificationIdentification ofof biomarkersbiomarkers andand targetstargets

-- NewNew biomaterialsbiomaterials: : biomimeticbiomimetic//bioinspiredbioinspired
(molecular (molecular recognitionrecognition, , sensitivesensitive toto biologicalbiological changeschanges…….).)

-- NewNew techniquestechniques forfor evaluationevaluation
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