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Nanomedicine

Definition
 

-
 

Diagnosis and therapy based on nanotechnology 
and nanoscience

Diagnostics 

in-vivo diagnostics (in-vivo imaging based on nanoscale
contrast particles, implanted monitoring MEMS based 
sensors)

(imaging by e.g. MRI, f-MRI, ultrasound, RF, 
Holography)

in-vitro diagnostics

(“lab-on-chip”, “cell-on-chip”)



Nanomedicine

Therapeutics

Targeted drug delivery (nanoparticles as drug 
carriers)

Medical devices (smart stents, microneedles for 
electrical stimulation, MEMS based endoscopes, 
implantable drug release devices)

Regenerative medicine (smart implants, cell based 
therapies)



delivery routes

targetingnanocarriers

Challenges of Nano-Mediated Drug Delivery



Challenges in drug delivery

•
 

Overcoming biological barriers
(intestine,

 
air-blood barrier of the human lung, 

skin and blood-brain-barrier)

•
 

Efficient nanocarriers
(high dosage of loading, release at the appropriate 
target-prodrug/drug, optimal pharmacokinetics)



Challenges in drug delivery

•
 

Improved targeting
Extracellular

 
-

 
membrane receptors and extracellular

 epitopes
Intracellular

 
-

 
intracellular receptors and epitopes)

multifunctional targeted drug delivery systems –
“magic bullet”



Overcoming biological 
barriers





Schematic representation of a cross section through human

Transdermal
 

drug delivery







Pulmonary Administration Route

Local delivery (e.g. vasoactive intestinal peptide (VIP) in asthma) size ~ 3 - 5 μm
Systemic delivery (e.g. insulin in diabetes): size < 3 μm:

Main Barriers for Pulmonary 
Administration Route

Air-way geometry
Clearance mechanisms

mucociliary clearance
alveolar macrophages
metabolic activity of enzymes in the lung

mucus accumulation
alterations in lung architecture

Lung diseases



Porter et al.

 

Nature Reviews Drug Discovery 6, 231–248 (March 2007) 
| doi:10.1038/nrd2197

Potential effect of lipids and lipidic

 

excipients

 

on drug absorption. 



adhesive particles

non-adhesive particles

Akiyama et al., J. Pharm. Pharmacol. 50 (1998) 159-166.

Mucoadhesive Properties



Nano-carriers



Advantages of nanoparticles
 

as drug carriers

Large surface-to-volume ratio resulting 
enhanced interaction sites

Surface functionalization for targeting

Suitable encapsulation

Release drugs in controlled manner

More efficient uptake by cells



Summary of the two categories of nanoparticles
 according to application

Drug Delivery
Polymeric nanoparticles
Ceramic nanoparticles
Polymeric micelles 
Dendrimer
Liposomes

Imaging
Magnetic nanoparticles
Quantum dots



Targeting



Enhanced extracellular
 targeting in cancer



Normal blood vessels Abnormal blood vessels



Enhanced permeability and Retention
 (EPR) Effect

Rainer Haag and Felix Kratz, Angewandte

 

Chemie, 2006



Duncan Nature Reviews Cancer advance online publication;
published online 10 August 2006 | doi:10.1038/nrc1958

Polymer–drug conjugates 



Summary of the different nanoparticles for drug delivery and imaging



Targeting and improving drug release at target

Enhanced permeability and retention by large carriers of 
cancerous tissue

Chemical specificity of interaction – ligands and antibodies
-

 

New types of targeting agents by rational design that uses 
structural knowledge of a docking

Multi-target approaches dealing with target cell heterogeneity

Methodologies for in-situ activation of prodrugs and smart 
agents

Targeting to specific intracellular targets (compartment)

Design of nanostructures with stealth properties
(e.g. pegilation, adsorption of natural serum proteins)



delivery routes

targetingnanocarriers
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