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• Multi-functional platforms: 
• Targeting

• Delivery

• Reporting, biosensing

M. Ferrari, Nature Reviews 5, 161 (2005)

functional platforms: 

In one package

Free drug formulations do not 

possess multi-functional 

characteristics

recognizes and binds the target

carries the drug

provides a therapeutic action to the specific site
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• Antibodies

• Proteins

• Lipoproteins

• Hormones

• Charged molecules

• Polysaccharides• Polysaccharides

• Low-molecular-weight ligandsweight ligands
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� Interaction of nanostructures with plasma

adsorption and removal of nanostructures from

system.

� Adsorption of nanostructures to cells

(in relation to the surface chemical characteristics,

� Uptake and recycling, trans-endocytosis and

� Safety evaluation:

Interactions Between Biological Systems and Nanostructures

� Safety evaluation:

In vitro/in vivo cytotoxicity, haemocompatibility

� In vivo carrier biodistribution and degradation

proteins and relation between protein

from the circulation by the reticulo-endothelial

characteristics, size and shape of the nanostructures).

and endosomal escape of nanostructures.

Interactions Between Biological Systems and Nanostructures

haemocompatibility, immunogenicity and genotoxicity testing.

degradation.



10 Nanocarriers as DDS

� Exhibit higher intracellular uptake

� Can penetrate the submucosal layers while

epithelial lining.

� Can be administered into systemic circulation

blockage of fine blood capillaries

� The development of targeted delivery is

chemistry, pharmacology, toxicology, andchemistry, pharmacology, toxicology, and

interdisciplinary effort.

as DDS

while the microcarriers are predominantly localized on the

circulation without the problems of particle aggregation or

is firmly built on extensive experience in pharmaco-

and nowadays is being pursued as a multi- andand nowadays is being pursued as a multi- and
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PEGylated for Cancer Therapy   

Nanogels

Goals: 
� Prolonged half-life 

� Reduced toxicity 

� Better protection to degradation 

� Improved antitumor activity

Nanogels
Three-dimensional, hydrophilic, stimuli-responsive polymeric networks: 

exhibit dramatic changes in network structure or swelling behavior in response to various external stimuli

� Thermosensitive: NIPAAMAam

� pH sensitive: 

Therapy   

Better protection to degradation 

responsive polymeric networks: 

dramatic changes in network structure or swelling behavior in response to various external stimuli.

NIPAAMAam, NIPAAM-DMAM, DEAM-DMAM

sensitive: 2-hydroxyethyl methacrylate, acrylic acid    



14

Dendrimers: 

Targeted delivery of methotrexate

J. Baker, et al., Cancer Res. 65, 5317 (2005)

Nanoshells:

Photothermal therapy

N. Halas, J. West et al, 

Ann Biomed Eng. 34, 15 (2006)
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Nanocrystals

Biological Labels

as Fluorescent 

Biological Labels

3.5 nm 

crystals 

bound to 

cell nucleus
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Tissue Engineering

•Nano/micro particles, including living animal 

cells, bacteria, and colloidal gold (100 nm), can 

be optically guided and deposited in arbitrarily 

defined three-dimensional arrays, a process called 

“laser-guided direct-writing.”

Expand number in culture

Seed onto an appropriate 
“laser-guided direct-writing.”

Seed onto an appropriate 

scaffold with suitable growth 

factors and cytokines

Place into culture

Tissue Engineering

Nano/micro particles, including living animal 

cells, bacteria, and colloidal gold (100 nm), can 

be optically guided and deposited in arbitrarily 

dimensional arrays, a process called 

writing.”

Remove cells from the 

body.

Expand number in culture

writing.”

Re-implant engineered 

tissue repair damaged 

site
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Why we apply Nanotech in TE?

Cells on microfibrous scaffolds have a polarized relationship, with one side 

of the cell attached to the scaffold, the other exposed to physiological 

media. In comparison, it is likely that cells are more naturally constrained 

by nanofibrous scaffolds.

Why we apply Nanotech in TE?

Cells on microfibrous scaffolds have a polarized relationship, with one side 

of the cell attached to the scaffold, the other exposed to physiological 

In comparison, it is likely that cells are more naturally constrained 



19 Synthetic polymers

• Polyglycolic acid (PGA)
– Highly crystalline, hydrophilic, byproduct is glycolic acid 

• Polylactic acid (PLA)
– Hydrophobic, lower melting temperature, byproduct is lactic acid

• Polydioxanone (PDO)
– Highly crystalline– Highly crystalline

• Polycaprolactone (PCL)
– Semi-crystalline properties, easily co

• Blends
– PGA-PLA

– PGA-PCL

– PLA-PCL

– PDO-PCL 

Synthetic polymers

Highly crystalline, hydrophilic, byproduct is glycolic acid 

Hydrophobic, lower melting temperature, byproduct is lactic acid

crystalline properties, easily co-polymerized, byproduct caproic acid



20

Natural

• Elastin 

• Gelatin collagen

• Fibrillar collagen• Fibrillar collagen

• Collagen blends

• Fibrinogen 

Natural



21 Overview

3D Scaffolds

Overview
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• Hazard identification

• In vitro toxicity

• Acute in vivo toxicity

• Subchronic/chronic toxicity

• Route of exposure

• Dose response

• External dose

• Internal dose

• Biologically effective dose

• Exposure assessment

• Human exposure

Nanomaterials 

production

Chronic exposure 

of the worker

Nanomaterials 
use for 
biomedical 
applications

Preclinical studies
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37 Synthesis methods

�Precipitation, Coprecipitation

�Wet Synthesis Methods

�Solution Phase Synthesis

�Bottom Up Method

�Thermal Decomposition

�Solvothermal�Solvothermal

�Sol-Gel

�Hydrothermal

�Microemulsion

�Reverse Micelle

�Chemical Precipitation

�Polymer pyrolysis

� ...

Coprecipitation

Methods

Synthesis

Thermal Decomposition

Chemical Precipitation
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Nanofibrous

• Electrospinning

• Self-Assembly

Electrospinning

• This process involves the ejection of a charged polymer fluid onto an oppositely 

charged surface.

• Multiple polymers can be combined

• Control over fiber diameter and  scaffold architecture

Scaffold

Electrospinning

This process involves the ejection of a charged polymer fluid onto an oppositely 

Control over fiber diameter and  scaffold architecture



41 Self Assembly

Figure 1: Fabrication of various peptide 

materials.

Self Assembly

Figure 2: Self-assembling peptides form a 

three-dimensional scaffold woven from 

nanofibers ~ 10 nm in diameter.
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