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Nanotechnology, a multidisciplinary scientific 

undertaking, involves creation and utilization of 

materials, devices, or systems on the nanometer scale

Nanotechnology
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Nanotechnology





1. Medicine

1.1 Diagnostics

1.2 Drug delivery

1.3 Tissue engineering

2. Environment

3. Energy

4. Information and communication

5. Heavy Industry

6. Consumer goods

Nanotechnology applications

http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Medicine
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Diagnostics
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Drug_delivery
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Tissue_engineering
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Energy
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Information_and_communication
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Heavy_Industry
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications#Consumer_goods


Number of scientific papers on nanotechnology topics



Nanotechnology applications











Molecular medicine
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A science that seeks to comprehend disease 

causes and mechanisms at the molecular level, 

and to apply this basic research to the 

prevention, diagnosis and treatment of diseases 

and disorders.

Typical applications in molecular medicine 

include gene therapy, molecular structural 

analysis, genetic epidemiology, and molecular 

and clinical pharmacology.



Nanomedicine
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Nanomedicine is defined as the application of 

nanotechnology in view of making medical 

diagnosis or treating or preventing diseases. It 

exploits the improved and often novel physical 

chemical and biological properties of materials 

at nanometre scale



Nanotechnology
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" Nanotechnology is the key to

optimizing drug delivery" 

Dr. Roger Aston,

Director of Strategy at pSivida Limited in Australia.



How much does size matter?

Nanotechnology



A size of the  Earth relates  to football as football relates to nanoparticle

Nanotechnology



Dispersion: fraction of atoms at the surface

 The dependence of the surface dispersion is illustrated for a
cube of n atoms along an edge, with the total number of
atoms in the cube described as N=n3.

 A cube would therefore expose 6 surfaces and 12 edges,
with the total number of surface atoms equal to 6n that has
been corrected to eliminate double counting of corner
atoms.

 For large numbers of atoms in a cube, these corrections
become negligible and the dispersion could be scaled as
follows:

Size effect on surface/volume ratio





Quantum Effects

Due to their small size, the electrons in quantum dots are confined in a

small space (quantum box), and when the radii of the semiconductor

nanocrystal is smaller than the exciton Bohr radius (exciton Bohr radius is

the average distance between the electron in the conduction band and the

hole it leaves behind in the valence band), there is quantization of the

energy levels according to Pauli’s exclusion principle

As with most orbital systems, electrons can be found at different (higher and

lower) energy levels, and the average spacing of this energy level is known as

the Kubo gap, . By considering the lowest unoccupied energy state of the

electronic system of a bulk material, the Fermi energy, Ef, could be

incorporated to describe the Kubo gap:

where n is representing the number of valence electrons in the nanosystems.









Nanotechnology in drug delivery

How did all begun?
-controlled drug delivery systems  (DDS)
1950s,  „Spansules”

-silicon rubber implants Judah Folkman at Harvard Medical School 1960s

-first company based on DDS concept Alza Corp, 1968

-1970-1980, expand of DDS system

-contraceptive drug-loaded poly(ethylene-co-vinylacetate EVA)

-drug-loaded skin patch for topical application

-glaucoma drug-loaded poly(EVA) sandwich wafer for insertion

into the eye

-drug-loaded, degradable microparticles composed of poly[lactic-

co-glycolic]acid (PLGA)

1990s rapidly expanding nanotechnology

-1995, the liposome- doxorubicin product called “Doxil ® ”

first nanocarrier-drug DDS approved for clinical use





Drug Nanocrystals

Drug nanocrystals are crystals in the nanometer size range (1–1,000 nm). 

They contain 100 % drug without any matrix material. 

Stabilizing agents, such as surfactants or polymers, are located on the 

surface of the nanocrystals



Stabilization of Drug Nanocrystals

Drug Nanocrystals 

The most crucial problem with nanosized particles is the low stability of the 

particles; particles tend to aggregate back to larger structures.

Stabilization can be based on two different mechanisms:

-steric stabilization

-electrostatic stabilization (charge stabilization)

or combination, both steric and electrostatic stabilization



Drug Nanocrystals 

Electrostatic stabilization

If pure electrostatic stabilization is utilized, the zeta potential (ζ) of the 

nanocrystals should be either less than −30 mV or more than +30 mV.

Typical electrostatic stabilizers:

-ionic surfactants 

-polyelectrolites (charged polymers)

Steric stabilization

Typical Steric stabilizers:

-nonionic surfactants 

-polymers



Drug Nanocrystals 

Nanocrystal Synthesis

Two main classes:

-bottom-up techniques

-top-down techniques

In bottom-up techniques the nanocrystals are formulated by building larger 

structures from smaller ones, e.g., precipitation from a solution

In top-down methods the starting point is with larger entities and during 

the process their particle size is diminished, for example, by milling

or by high-pressure homogenization





TEM figure of itraconazole nanocrystals prepared by nanomilling. Ethylene

oxide/propylene oxide block copolymer (Pluronic F127) was used as a

stabilizer and the total milling time was 30 min.

top-down techniques



bottom-up techniques



Transmission electron micrograph (TEM) of itraconazole nanocrystals prepared

by antisolvent technology with hydrophobic HFBII as a stabilizer. Particle size

is below 100 nm and the size distribution is very narrow, which is typical for

bottom-up techniques

bottom-up techniques





Drug Nanocrystals 

Benefits of Drug Nanocrystals
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Enhanced bioavailability





Polymer-Drug Conjugates

Polymer-drug conjugates are nanosized drug delivery systems, which

comprise several drug molecules covalently attached to the polymer via

a biodegradable linker



Benefits of Polymer-drug conjugates :

– Prolonged circulation time of the drug.

– Restricted body distribution .

– Selective drug release.



polyglutamic acid (PGA)





a.) Linear

b.) Branched

a. 

b. 





Types of conjugation 

according to the position 

of the conjugation site 

within the polymer

chain. The drug can be 

attached to the polymer 

through:

( a ) its terminal groups; 

( b ) its side chains



Targeting group is an optional 

component in a polymer-drug conjugate 

designed galactosamine

Galactosamine is an amino sugar able to bind selectively to the hepatocyte 

galactose receptor, a liver-specifi c receptor

(Ashwell and Harford 1982 ).

Galactosamine was covalently bound to an HPMA copolymer-doxorubicin

conjugate designed for the treatment of liver cancer (Seymour et al. 1991)

N-(2-hydroxypropyl)methacrylamide



Combination Therapy
Many diseases (e.g. cancer and HIV) are treated with cocktails of drugs rather

thanwith a single therapeutic agent. The overall aim of this type of therapeutic

regimen(combination therapy) is to maximise efficancy while decreasing

toxicity.



Combination Therapy





Nanoemulsions

Nanoemulsions are nano-sized oil-in-water or water-in-oil emulsions with

a number of applications in biomedicine. Nanoemulsions are highly

versatile systems, in terms of composition and physicochemical properties, 

which can be tailor-made using simple and mild technologies to associate a 

great variety of drugs and fulfil the requirements for a wide range of 

pharmaceutical applications.

Emulsions are mixtures of two immiscible phases, wherein an emulsifier

(surfactant) is added in the continuous or external phase to stabilise the

dispersed droplets (internal phase).

Emulsions are classified as:

-oil-in-water (O/W), 

-water-in-oil (W/O), 

Emulsions can be further classified depending on droplet size into:

- coarse emulsions

- microemulsons (thermodynimically satble emulsions)

- nanoemulsions. (10–300 nm) (thermodynimically unsatble emulsions)



Polymer-coated nanoemulsions, 

otherwise known as nanocapsules



Electrostatic interactions
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Drug
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API in oil Solid nanoparticles

Pickering emulsions



Pickering emulsions


