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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

o Targeted therapeutic delivery
* Response to pathophysiological conditions

« Altered pharmacokinetic profile

* Prolonged plasma half-life
» Controlled drug release

m | Rytting et al., Exp Op Drug Del 5 (2008) 629
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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?

Length 4.1 m
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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 Nanopatrticles o Drug

Targeting Moiety

; E /% ~~_~ Steric Inhibitor

Polymeric Micelles Dendrimers
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Nanoparticles for Medical Diagnostics

MRI contrast agents with
targeting ligands

Fluorescent biosensors

Crystalline semi-conductor core

. .
* » Inorganic shell

Amphiphilic spacer

Bio-functional compound
Organic shell
Semi-crystalline carbon
Paint defect

Phospholipid

Organic flucrophore

Figure 1. Schematic overview of the composition of A) a QD, B) an AuNP, C) a DNP, D1) a CNT,
D2) a C-Dot, E1) a SNP with encapsulated organic fluorophores, and E2) a SNP with a
fluorescent core. Several chemical methods for surface binding of bioactive compounds are
mentioned in the text. See Table 2 for spatial dimensions.
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Nanoparticles for Medical Diagnostics

Ratiometric tumor hypoxia imaging agents
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Figure 3. Tumour hypoxia imaging with P2 BF2dbm(T)PLA nanoparticles

a-c, In vivo imaging of the breast cancer 4 T1 mammary carcinoma tumour region in a mouse
window chamber model showing the bright-field (a) and BNP fluorescence/phosphorescence
ratio while breathing carbogen—95% O3 (b), room air—21% O5 (¢) and nitrogen—~0% O,
(d). Emission intensity was averaged from 430 to 480 nm (fluorescence) and 530 o 600 nm
(phosphorescence). Several blood vessels run vertically on the lefi side of the images (dark
lines in the bright-field image; more oxygenated yellow-red regions in the {luorescence/
phosphorescence images), with the tumour comprising the region to the right of the vessels
(less-oxygenated blue regions in the fluorescence/phosphorescence images).
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Proposed Intravascular Sensors

NANOROBOT ARCHITECTURE
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Figure 5. Integrated circuit block diagram.
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Nanorobot Movement

Magnetic Resonance Navigation
» Steering provided by a clinical MRI scanner

(c) Chemoembolization (d) Chemoembolization with (e) Liver before TMMC injection
without MRN MRN to the left lobes
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FIGURE 2. Targeted rabbit liver chemoembolization with TMMC. Image (a) corresponds to a schematic representation of TMMC
loaded with MNP and an antitumor drug. Image (b) is a scanning electron microscopy image of TMMC. Images (c, d) are fluo-
roscopy images of the rabbit hepatic artery with superposed images of the TMMC distribution without (c) and with (d) MRN. On
image (c), the microcarriers are released from the catheter in the artery and deliver to both lobes. Image (d) displays the targeting of
the left bifurcation by MRN according to a pre-planned trajectory. Images (e—qg) correspond to in vivo liver T2*-weighted gradient-
echo MR images before (e) and after TMMC injection without (f) and with MRN (g). Without MRN, the right and left lobes are
darkening, indicating the presence of TMMC in the whole liver. With steering to the left lobes, the right lobe appears mainly free of
TMMC (Adapted from Pouponneau et al.,>® NanoRobotics Laboratory, Ecole Polytechnique de Montréal).
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Nanorobot Movement

Propulsion by Pt-catalyzed decomposition of H,O,
or by flagella with ATP fuel source

| Lum |

Fig. 1. Schematic of the envisioned nanorobot. The core of the robot is a
polysaccharide-based nanoparticle, where modular components can be attached
using known chemistry. The propulsive system is a fully functional flagella
isolated from E. coli, attached to the core by means of the FLiN protein on the
flagella and anti-FLiN receptors on the core. To power the propulsive system,
ATP will be encapsulated into the nanoparticle core.

Sanchez & Pumera, Chem Asian J 4 (2009) 1402
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Actuation
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Fig. 2. Schematic of the CP nanorobot core with the aptamers designed for

closing and locking the nanotube.
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Fig. 1. Versatility of hydrogel networks: (A) pH-sensitive hydrogels: When the hydrogel is in a low pH environment, the polymer network entraps the loaded agents within the
network butonce the network is exposed to a higher pH environment, the polymer network swells and releases the drug, (B) Temperature sensitive hydrogels: When the hydrogel is
exposed to a temperature change, the hydrogel network will either swell and release encapsulated agents or shrink to encapsulate agents. (C) Biomolecule sensitive hydrogels:
These gels have a stimuli responsive biomolecule incorporated directly into their polymer hydrogel network. When these molecules are exposed to the particular agent they are
sensitive to, the biomolecule will breakdown and in turn the hydrogel network will degrade and release the drug that was encapsulated within the gel.

Caldorera-Moore, Peppas, Adv Drug Del Rev 61 (2009) 1391
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Current Challenges

* Biocompatibility

e Immunogenicity
e |n 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
Health Department of Obstetrics & Gynecology Kostarelos, Nanomedicine 5 (2010) 341
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