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Nanotechnology in Medicine 

 

Nanoparticles for medical diagnostics, sensors 
 

Nanoparticles for therapeutic delivery 

 

Theranostic nanoparticles, nanorobots 
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Advantages of Nanomedicine 

• Targeted therapeutic delivery 

• Response to pathophysiological conditions  

• Altered pharmacokinetic profile  

• Prolonged plasma half-life  
• Controlled drug release 
 

 

Rytting et al., Exp Op Drug Del 5 (2008) 629 
Lenaghan et al., IEEE Trans Biomed Eng 60 (2013) 667 
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Nanomedicine 

 

How big is a nanoparticle? 
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Nanomedicine 

 

How big is a nanoparticle? 

   1-1000 nm 

Typical size for drug delivery application is approximately 100 nm 
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Nanomedicine 

How big is a nanoparticle? 

www.volkswagen.de 

Length 4.1 m 
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Nanomedicine 

How big is a nanoparticle? 

Length 4.1 m 

www.volkswagen.de 

http://www.volkswagen.de/de.html
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Nanomedicine 

4.1 km = 2.5 miles 
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Nanomedicine 

 

How big is a nanoparticle? 

 

One thousand 100-nm particles “bumper-to-bumper” would span the 
width of a single human hair. 
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Nanoparticles for Drug Delivery 

Liposomes Polymeric Nanoparticles 

Dendrimers Polymeric Micelles 

Drug 

Targeting Moiety 

Steric Inhibitor 



Department of Obstetrics & Gynecology 

Nanoparticles for Medical Diagnostics 

MRI contrast agents with 
targeting ligands 
 
Fluorescent biosensors 
 
 
 
 

Douma et al., Small 5 (2009) 544 
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Nanoparticles for Medical Diagnostics 

Ratiometric tumor hypoxia imaging agents 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zhang et al., Nat Mater 8 (2009) 747 
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Proposed Intravascular Sensors 

Cavalcanti et al., Nanomedicine 4 (2008) 127 
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Nanorobot Movement 

Magnetic Resonance Navigation 
• Steering provided by a clinical MRI scanner 

 

Pouponneau et al., Ann Biomed Eng 42 (2014) 929 
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Nanorobot Movement 

Propulsion by Pt-catalyzed decomposition of H2O2  
                       or by flagella with ATP fuel source 

 

Sánchez & Pumera, Chem Asian J 4 (2009) 1402 
Lenaghan et al., IEEE Trans Biomed Eng 60 (2013) 667 
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Actuation 

Caldorera-Moore, Peppas, Adv Drug Del Rev 61 (2009) 1391 
Lenaghan et al., IEEE Trans Biomed Eng 60 (2013) 667 
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Current Challenges 

• Biocompatibility 
• Immunogenicity 
• In vivo fate of nanomaterials 

 
• Power supply 

• Lack of miniaturized batteries, circuit boards, inductive coupling 
 

• Wireless communication and actuation 
 

• Computation, decision-making abilities 

Lenaghan et al., IEEE Trans Biomed Eng 60 (2013) 667 
Kostarelos, Nanomedicine 5 (2010) 341 
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