
NANOMATERIALSFOR BIO-MEDICINE

Stefano Bellucci, PhD, Habil. Prof., First Researcher, Head of NEXT Group

INSPYRE LNF 1 APRIL 2020



e-mail: bellucci@lnf.infn.it

2

The National Institute of Nuclear Physics ( INFN - Istituto Nazionale di Fisica Nucleare ) is an organization for research in 

nuclear physics. There are different divisions in Italy. The Frascati National Laboratories ( LNF ) is the largest and one of 

the most important ones. The research here is primarly concentrated on particle physics. 
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The science of manipulating matter at the atomic and molecular level to obtain materials with specifically enhanced 

chemical and physical properties.

Information Technology

Energy

Medicine Consumer Goods

ÅSmaller, faster, more energy 

efficient and powerful computing 

and other IT-based systems

ÅMore efficient and cost effective technologies 

for energy production
īSolar cells

īFuel cells

īBatteries

īBio fuels

ÅFoods and beverages
īAdvanced packaging materials, sensors, and lab-

on-chips for food quality testing

ÅAppliances and textiles
īStain proof, water proof and wrinkle free textiles

ÅHousehold and cosmetics

īSelf-cleaning and scratch free products, paints, 

and better cosmetics

ÅCancer treatment

ÅBone treatment

ÅDrug delivery

ÅAppetite control

ÅDrug development

ÅMedical tools

ÅDiagnostic tests

ÅImaging



THE BASICS OF NANOTECHNOLOGIES

ÅYou work at the atomic, molecular, and supramolecular 
levels...

ÅThe scale of lengths involved is approximately between 1 
and 100 nm

ÅThe aim is the creation and use of materials, devices, 
systems with fundamentally innovative properties and 
functions, due to their very small ( nanoscopic ) structure. 
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Physical-chemical properties

1. Surface to volume ratio: extremely large 

surface area;

2. High number of surface atoms (a particle of 

300 nm has 5% of the surface atoms, one of 30 

nm has got 50%).





NANOSCOPIC SCALE

ÅNanometer = 1 million -th of millimeter

ÅOne Nanometer is as big as a layer of 3-5 atoms



Nano? Letôslook at dimensions

Let's start with a man... éwe get to a mosquitoé

éwe come to his eyesé éand we finally get to the 

nanometer!!!
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ñTop ïDown  Bottom - Upò

ñTop ïDownò

ñBottom - Upò
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òBOTTOM-UPó APPROACH

ÅA concept introduced by Eric Drexler

ÅProcess of costructing systems atom by atom, to the aim of

- minimizing waste

- increasing reactivity

e-mail: bellucci@lnf.infn.it
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First example of nanotechnology!

Lycurgus Cup 
(IV sec. CE, 

British Museum)

It has a different coloration

whenobservedin reflection,

or in transmission, owing to

the presenceof nanoparticles

of goldandsilver.

e-mail: bellucci@lnf.infn.it
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Another example of nanotechnology

Metal nanoparticles of different species

In the stained glass windows of medieval churches.

e-mail: bellucci@lnf.infn.it



Microscopy characterization
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In 1931, Max Knoll and Ernst Ruska

invented the transmission electron

microscope (TEM),

nearly 34 years after the discovery of

the electron by J. J. Thomson.

M. Von Ardenna built the first protopy

of Scanning Electron Microscope in
1938, followed soon by the first

commercial TEM, built by Siemens in

1939. The first commercial SEM was

commercialized by Cambridge

Instrument Company Inc . in 1965.
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Microscopic characterization
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Gerd Binnig and his colleague

Heinrich Rohrer at IBM Z¿rich

introduceda new kind of micro-

scope that is not dependenton

wavelength: ScanningTunneling

Microscope(STM), 1981

Binnig, Quate, Binnig, Quate, andGerber

invented the atomic force microscope

(AFM) for the specific purpose of

investigatingsurfaceson theatomicscale

thatarenotconducting,1985.
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2013 ïThe Smallest Film in the World
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CARBON NANOTUBES
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ÁDiscoveredin 1991by Sumio Iijima , a researcherat Nec Labs in

Tsukuba,Japan.

ÁHollow cylinders,long and thin; they canbe thoughtof a sheetof

graphite (a hexagonallattice of carbon atoms) rolled up into a

cylinder,closedby two fullereneemispheres

We can distinguish:

SWNT

(Single wall Nanotubes)

MWNT

(Multi wall Nanotubes)

ɀ=1õ3 nm

L= 0.5õ104 µm

ɀ=5õ200 nm

L= 0.5õ200 µm

e-mail: bellucci@lnf.infn.it



WHATôS SO SPECIAL IN A C NANOTUBE?

High aspect ratio 
(L/ɀ) Ý one -
dimensional

structure

Ability to carry high 
currents, without 

overheating (current 
density 109 A/cm 2).

High thermal 
conductivity both at 

high and at room 
temperature (1800-

6000W/m*K ).

50000  times 
thinner than a 

human hair

.

High elastic 
modulus (up to 1 

Tpa) and high 
tensile strength 

(150 Gpa ).
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METHODSFOR CNTS SYNTHESIS
Pros Cons

Very simple process.

CNTs of high quality and 

purity, with few defects.

Dispersion in CNTs size. 

Low amount of CNTs 

achievable

Need for purification from 

unwanted forms of C 

(onions, amorphous).

Long CNTs.

Controllable pipe 

diameters.

Low amount of CNTs 

achievable.

Possibility to grow CNTs 

oriented and according to 

predefined geometries.

High amount of CNTs.

Need for a catalyst for 

decomposition of 

hydrocarbons.

High density of both local 

and topological

defects.
INFN - Laboratori Nazionali di Frascati

VArc discharge:

VLaser ablation:

VChemical vapour deposition:

e-mail: bellucci@lnf.infn.it



Synthesis

20x

53x

310x

15.000x

150.000x



FERRARI F2007

ÅLa Ferrari F2007 was a 
concentrate of 
nanotechnology:

ÅCarbon nanotubebrakes

ÅCar body made of ultra-
light material obtained 
using carbon nanotubes

ÅSpecial tyre compound 
usingC nanotubes
composites

INFN - Laboratori Nazionali di Frascati
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Nano for Future Transportation &
Mobile

Symbiosis Car: Symbiosis Vehicle Runs on

Solar Piezoelectric Energy

Samsung Flexible Mobile: display technology

known as an OLED (organic light emitting diode) 

(active matrix light emitting diode) screen. As

the OLED pixels create their own light source,

they donõt need a back light like LCD screen

technology , but the circuitry to control the pixels

is fused into glass.
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La nanocalce nella conservazione 
dei beni culturali 
Testo di Valeria Daniele 

 

La scienza e la tecnologia dei materiali possono 
offrire un prezioso contributo nel campo del 
restauro e della conservazione dei Beni Culturali 
attraverso lo sviluppo e la messa a punto di 
materiali e tecniche dΩintervento innovative. 

A differenza di quanto accaduto in altri settori 
dellΩIngegneria e della Fisica, in quello dei Beni 
Culturali le nanoscienze e le nanotecnologie 
fanno la comparsa solo a partire dai primi anni 
del 2000.  

La possibilitŁ di creare oggetti, dispositivi e 
materiali che hanno le dimensioni del 
miliardesimo di metro, ovvero del nanometro 
(nanotecnologie), offre illimitate prospettive di 
ricerca e sviluppo in tutti i settori, anche nel 
mondo del restauro e della conservazione. 

 La ricerca in questo ambito, riferita alla calce, ŝ 
incentrata sulla sintesi, caratterizzazione e 
applicazione di nanoparticelle di calce 

 

 
Fig. 1. Immagini TEM di due particelle in sospensione di 
dimensioni nanometriche: Ca(OH)2 di forma esagonale (A), 

CaCO3 di forma prismatica (B) 
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(chimicamente idrossido di calcio π Ca(OH)2 π ) 
chiamate comunemente nanocalce.  

La calce, in soluzioni  o sospensioni di calce 
(acqua e latte di calce), viene da sempre 
impiegata nei trattamenti protettivi o 
consolidanti di superfici architettoniche calcaree  

(stucchi, intonaci, affreschi, dipinti murali, 
materiali lapidei etc.), con risultati eccellenti, in 
virtǴ soprattutto dellΩassoluta compatibilitŁ con 
i substrati trattati a causa della trasformazione 
del Ca(OH)2 in CaCO3 ad opera dellΩanidride 
carbonica CO2. 

LΩuso della nanocalce consente di ovviare ad una 
serie di inconvenienti tipici dei trattamenti a 
base di calce convenzionali appena citati, quali 
lΩincompletezza del processo di carbonatazione, 
la scarsa profonditŁ di penetrazione 
raggiungibile, lΩeccessivo quantitativo di acqua 
apportato alle pietre e lΩalterazione cromatica 
delle superfici. 

Le nanoparticelle di calce sono ottenute per 
precipitazione chimica di soluzioni sovrassature 

Calcium hydroxide nanodispersions used for nanocleaning ; TEM Images of two 

nano -sized particles in suspension : 

Ca(OH)2 hexagonal (A),

CaCO3 prismatic (B) 

Alberto Cigada42

Nanotecnologie oggi

Beni culturali: nanodispersioni di idrossido di calcio 

utilizzate per il restauro di un affresco del Beato 

Angelico, Abbazia di San Marco, Firenze 

Alberto Cigada42

Nanotecnologie oggi

Beni culturali: nanodispersioni di idrossido di calcio 

utilizzate per il restauro di un affresco del Beato 

Angelico, Abbazia di San Marco, Firenze 

Nanotechnology in Restoration!

Beato Angelicoõsfresco at San MarcoõsAbbey in Florence



Biomimetic & Cleaning
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61Federica Bondioli

SiO2: sol-gel

Materiali tessili multifunzionali: superidrofobia

Water droplet on nano material

coating a cotton layer

Treated Un -Treated
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Nano ïENERGY!

thermoelectric power generation

Wake Forest 

University's Center

for Nanotechnology 

and Molecular 

Materials



Nano ïCosmetic !
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High UV protection through nanoparticlesõ dispersion



USESOF NANOTECHNOLOGIES

ÅPervasive and enabling technology

ÅUtilization of Nanotechnology is found everywhere ( ubiquitous technology)

ÅSolar energy, batteries, weapons, instrumentation design and manufacture... 
in any application area, nano -technologies could play a role in the future .

ÅGiven the multiplicity of their uses, we must necessarily be concerned about 
their impact on the environment and human health , in particular on 
professionally exposed workers.

INFN - Laboratori Nazionali di Frascatie-mail: bellucci@lnf.infn.it



IMPACT OF NANO

ON HEALTHAND

ENVIRONMENT



IMPACT ON ENVIRONMENT AND HEALTH
Å Possible instability of certain nanostructures
ÅE.g. potential problem from òfullereneó dissolved in water which 

can bind to DNA, hence affecting structure, stability and biological 
functions of DNA molecules 



GRAND CHALLENGES OF 
NANOTECHNOLOGY

ÅThe materials are difficult to handle and it is 
difficult to keep them stable.

ÅUnderstanding the characteristics of nano
materials

ÅA single particle of silicon does not
behave like bulk silicon

ÅDependence on size, shape, and 
surroundings of the particle (e.g. bio 
corona )

INFN - Laboratori Nazionali di Frascatie-mail: bellucci@lnf.infn.it



at synthesis in living organism

NP NP NP

endocytosis

plasma membrane

lysosomebio-corona

new bio-corona

NP

biological barrier(s)

NP exocytosis



NANOPARTICLES PRODUCED DURING 
COMBUSTION PROCESSES

ÅEpidemiology

ÅToxicology

Nanoparticles in use in industry

Nanotechnology



FOR  NANOTECHNOLOGIES CURRENTLY é..

Application
Toxicology and 

industrial hygiene

Norms and 

regulations



J.Phys.: Condens. Matter 20 (2008)474203 M Chiaretti et al

Figure4. Effectsof MWCNTs on theproliferation of thehuman

arterial smooth musclecells (hSMCs). Thecells weretreatedwith
MWCNTs at concentrations from 0.001 to 0.1 mg mlĬ1 for 24 and

72 h. Cell proliferation wasdeterminedby a countperformedby a

particle countandsizeanalyzer. Eachcolumn represents the mean

valueÑSDof threeseparateexperimentsperformedin duplicate.

p < 0.01versusCTRL.

Table 1. Human colorectal cancer cell line Caco-2 matched with

MWCNT dilution from 0.001 to 0.1 mg mlĬ1 concentration.

CaCO2

MWCNT

dilution (mg mlĬ1) 0 h 24 h 72 h

0 1.8Ñ0.13 4.34Ñ0.037 16.99Ñ0.61

0.001 1.8Ñ0.13 3.96Ñ0.38 15.87Ñ0.33

0.01 1.8Ñ0.13 3.88Ñ0.027 16.19Ñ1.56

0.1 1.8Ñ0.13 3.75Ñ0.19 15.28Ñ0.14

3.2. General in vivo effectsafter acute treatment

In the Irwin test nosigniýcant neurovegetative or behavioural

effects of MWCNTs were registered at all doses tested

(10, 20, 40 mg kgĬ1 body weight), except for a slight

reduction of spontaneous activity just after the treatment,

likely a consequence of peritoneal irritation resulting from the

treatment. At the highest dosetested (40 mg kgĬ1), animals

exhibited, 30 min after the treatment, a deep violet colour of

thetesticles that disappeared in thesubsequent hours.

During the seven days post-treatment period the death of

oneanimal, both at 20 and at 40 mg kgĬ1 was registered; the

control animal did not exhibit mortality. The total mortality

after sevendaysof monitoring is reportedin table4. The body

weight of the animals after the seven day period increased in

all groups, although this was more evident in control groups

(table5).

On the seventh day all animals were weighed and then

sacriýced. A small body weight increasewas observed in the

10mg kgĬ1 group.Theexpected bodyweight increasewasnot

observed at 20 and 40 mgkgĬ1 asshown in table 5.

In thenecroscopic examination, viscera appeared normal,

in both colour and size, for all tested doses. In mice treated

with 40 mgkgĬ1 we registered adhesive peritonitis, involving

all viscera, while no pathologic signs either in the pleural or

the pericardial cavity were observed. All membranes were

Table2. Human breast adenocarcinomacell line MCF-7 matched

with MWCNT dilution from 0.001 to 0.1 mg mlĬ1 concentration.

MCF-7

MWCNT

dilution (mg mlĬ1) 0 h 24 h 72 h

0 1.5Ñ0.18 2.02Ñ0.24 6.68Ñ0.23
0.001 1.5Ñ0.18 1.43Ñ0.1 4.68Ñ0.08

0.01 1.5Ñ0.18 1.27Ñ0.06 4.29Ñ0.05
0.1 1.5Ñ0.18 0.89Ñ0.054 4.05Ñ0.09

Table3. Human arterial smooth musclecells line hSMC matched

with MWCNT dilution from 0.001 to 0.1 mg mlĬ1 concentration.

hSMC

MWCNT

dilution (mg mlĬ1) 0 h 24 h 72 h

0 1.15Ñ0.22 1.42Ñ0.084 2.21Ñ0.075

0.001 1.15Ñ0.22 1.27Ñ0.055 2.14Ñ0.076

0.01 1.15Ñ0.22 1.17Ñ0.029 1.62Ñ0.127
0.1 1.15Ñ0.22 1.13Ñ0.129 1.61Ñ0.044

Table4. Mortality of animals after single dose administration.

Dose (mg kgĬ1 i.p.) Animals dead (%)

10 0

20 20
40 33

Table5. Weight of the animals (meanÑSE)at thestart (G0) and
7 daysafter the treatment (G7).

Body weight (gÑSE)

Controls Treated
Dose

(mg kgĬ1) G0 G7 G0 G7

10 30.4Ñ1.2 33.8Ñ1.3 29.2Ñ0.6 31.6Ñ1.0
20 30.7Ñ1.1 33.9Ñ1.4 32.6Ñ2.1 32.8Ñ2.1
40 30.5Ñ0.2 34.0Ñ0.1 27.9Ñ0.9 29.9Ñ1.6

adherent among themselves and nanotube aggregates were

observed. At a doseof 10 mg kgĬ1 the animals showed light

peritoneal irritation, involving cava viscera, without nanotube

aggregatesdeposition. No pathologic signseither in thepleural

or the pericardial cavity were registered. Finally, at a dose

of 20 mg kgĬ1 we registered adhesive peritonitis, involving

all viscera, but less aggressive than in the previous cases,

and without evidence of nanotube aggregatesdeposition. No

pathologic signseither in the pleural or the pericardial cavity

wereregistered. In the animals treatedwith 40 mg kgĬ1 body

weight an adhesive peritonitis in the entire peritoneal cavity

was evident. All gut and parenchymatous organs were packed

together, and it was possibleto observe a black precipitate of

MWCNTs. The peritoneum was opaque. No modiýcations

were observed, either in the pleuric or the pericardia cavity.

We also prepared blood samples in order to evaluate the

immunological parameters.

5

Effects of MWCNTs on the proliferation of the human arterial smooth muscle cells (hSMCs). The cells

were treated with MWCNTs at concentrations from 0.001 to 0.1 mg mlĭ1 for 24 and 72 h. Cell

proliferation was determined by a count performed by a particle count and size analyzer . Each

column represents the mean value ± SD of three separate experiments performed in duplicate . pz <

0.01 versus CTRL.

Carbon nanotubes toxicology and effects on metabolism and immunological modification in vitro and in vivo
M Chiaretti, G Mazzanti, S Bosco, S Bellucci, A Cucina, F Le Foche, GA Carru , S Mastrangelo, A Di Sotto, R Masciangelo, AM Chiaretti, C
Balasubramanian , G De Bellis, F Micciulla, N Porta, G Deriu , A Tiberia - Journal of Physics: Condensed Matter Volume 20 Number 47 ,
26Nov . 2008

Toxicity



Growth inhibition , cell -cycle alteration and apoptosis in stimulated human peripheral blood lymphocytes by multiwalled carbon nanotube buckypaper ,

O Zeni, A Sannino , SRomeo, F Micciulla, SBellucci, MR Scarfi Nanomedicine , 1-10 (2014)

Cytotoxicity of Multiwalled Carbon Nanotube Buckypaper in Human LymphocytesO Zeni, A Sannino , S Romeo, MR Scarfì, L Coderoni , F Micciulla, I

Sacco, ...

Sensorsand Microsystems , 489-493 (2011)

Toxicological and biological in vitro and in vivo effects of carbon nanotubes buckypaper SBellucci

Semiconductor Conference, 2009. CAS 2009. International 1, 107-116

The cytoxicity evaluation of MWCNT

buckypaper treatment on human and

cancer cells was carried out on

human colorectal, breast and

leukemic cancer cell lines in vitro ,

while having no effect on proliferation

and viability of normal human arterial

smooth muscle cells and human

dermal fibroblasts in vitro .

Toxicity
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Nanomedicine & Cytotoxicity

Sinceovertwodecadesthepotentialenvironmental

and occupational impact is studied of carbon

nanotubes,whichexist in manydifferentformsand

can be chemicallymodifiedand/or functionalized

withbiomolecules.

Nanomedicineis thepreservationandimprovement

of human health using molecular tools and

molecularknowledgeof thehumanbody

INFN - Laboratori Nazionali di Frascati



«ACCIDENTAL» ARTIFICIAL NANOPARTICLES

«Bari, Italy , 2006:  implosion of Punta Perotti residential complex »

«Gulf of Mexico , off -shore oil well burning »«Traffic jams, LA California»
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Accidental 

Exposure to 

NP originating 

in combustion 

processes

NP diesel, soldering fume, 

termodegradation of plastics

Accidental 

Exposure to 

newly 

synthetized 

materials

Carbon black, TiO2

Accidental 

Exposure to 

newly 

synthetized 

and modified/ 

functionalized 

NP Carbon nanotubes

Deliberate 

Esposure

deliberata

to NM in 

biomedicine

Dendrimers, 

fullerenes, 

quantum dots

THE UNIVERSE OF EXPOSURE TO NANOMATERIALS

INFN - Laboratori Nazionali di Frascati



ENGINEERED NANOPARTICLES (ENMs)

...no more windshield wipersé

éor çfingerprintsè on displays

Nanomedicine as a 

single cell medicine



Nanotubes as seen by a 

physicist / chemist

Modified by a 

pharmacologist

Studied by a biologist

Seen by a physician



NANOMATERIALS CAN BE ALSO MADE BY 
ORGANIC AND INORGANIC PARTS é. 

Possibilities become 

infinitely many 

éé



MULTIFUNCTIONAL NANOPARTICLES. 

- CAPABILITY TO CARRY ONE OR MORE 
THERAPEUTIC AGENTS;

- MOLECULES FOR TARGETING 
(CONJUGATED ANTIBODIES OR OTHER 

AGENTS FOR RECOGNITION); 

- ELEMENTS FOR SIGNAL AMPLIFYING AND 
FOR RECOGNITION;

- ELEMENTS FOR STABILIZATION 
(CONSERVATION IN CIRCLE) AND FOR 

ENHANCING CAPABILITY TO  PENETRATE
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The oxidized CNT (CNT-COOH) were shorter and 

straighter (Fig. 1b). 

Synthesis and characterization

Fig 1: Multi-walled carbon nanotubes before (a) 

and after (b) oxidation in nitric acid.
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Their carboxylic acid groups greatly facilitated their dispersion in 

aqueous solutions, as well as their further functionalization (Fig. 2a).

Synthesis and characterization

Fig. 2: Scheme for preparing the 

CNTïnanoparticle composite.

(a) Oxidation and preparation of the 

CNT-APTEOS precursor.

(b) Formation of silica nanobeads in 

reverse micelles in a water-in-oil 

microemulsion. Nanobeads are 

covalently linked to the CNT only at 

locations functionalized with triethoxy-

silane groups (dots inside the micelles), 

while the bare graphitic wall of the 

pristine CNT did not associate with 

reverse micelles.
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Synthesis and characterization

Fig. 3: Transmission electron 

microscopic images of the 

CNTïnanocomposites 

prepared using conditions for 

small (aïc) or large (dïi) silica 

nanobeads. 

The arrow in panel (a) 

indicates a nanobead at the 

tip of the CNT. 

The arrow in panel (i) 

indicates a polymerized silica 

inside a CNT.

Using these procedures, we obtained new CNTïnanocomposites 

with covalently attached silica nano-beads. Non-oxidized CNT (with 

negligible COOH content) do not support any composite formation.
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Cytotoxicity of MWNT: apoptosis on PBL

CNTs induce apoptosis of human T cells.

D. Time course of human 

peripheral blood 

lymphocytes (PBL) 

apoptosis after treatment 

with 1ng/cell (open) or 10 

ng/cell (filled) of pristine 

(squares) or oxidized 

(triangles) MWNT.

A. Immunofluorescence images of untreated 

Jurkat cells (upper panels) and cells treated 

24 h with oxidized MWNT. 

B. At higher magnification annexin V positive 

Jurkat cells show pyknotic nuclear DNA 

condensation and membrane blebbing, 

two typical features of apoptotic cell 

death.

C. Time course of Jurkat cell 

apoptosis after treatment 

with 1ng/cell (open 

triangles) or 10 ng/cell 

(filled triangles) of 

oxidized MWNT.



SAFE USE OF

NANOTECH

IN HEALTH



EXAMPLEBIOCEMENT4 BONES

Microfractures : skull, vertebrae



BIOCEMENT: DENTAL 
APPLICATIONS
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Iron oxide nanoparticles, with diameters

10,000 times smaller than that of a human hair, 

can easily penetrate cancer cells and wreak 

significant damage once inside, to

fight a particularly aggressive form of brain 

cancer called glioblastoma, but which can

be used to treat other forms of the disease.

The image shows nanoparticles surrounding cancer cells. 

NANOTECH FOR TUMOR THERAPY

The procedure involves coating the tiny iron oxide particles 

with an organic substance, such as the sugar glucose, and 

injecting them into a malignant tumor. The tumor, which has a 

fast metabolism and correspondingly high energy needs, 

greedily sucks up the little particles masquerading as sugar 

pellets of a sort. Healthy cells, instead, show little interest.

INFN - Laboratori Nazionali di Frascati
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Å The magnetic field heats up nanoparticles in the 

malignant tissue to temperatures up to 45 degrees 

Celsius. Heat destroys many of the cancer cells in and 

around the tumor or weakens them to a point that they are 

more effectively treated with radiation or chemotherapy. 

NANOTECH FOR TUMOR THERAPY

The treatment is automatically recorded.

Herein the temperature of the tumor (red)

and other body -temperatures are registered .

INFN - Laboratori Nazionali di Frascati
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Å The treatment, known as magnetic fluid hyperthermia, 

was successfully used in 2003 for extending the lives of 

laboratory rats which were implanted with malignant brain 

tumors. The rats receiving the nanotherapy lived four 

times as long as rats receiving no treatment.

Images source: MFH Hyperthermiesysteme GmbH and MagForce Applications 

GmbH, Berlin, Germany 

NANOTECH FOR TUMOR THERAPY

In many pre-clinical tests the characteristics of nano-

particles were optimized. Here: Accumulation of nano-

particles in tumor tissue (RG-2 glioblastoma of the rat). 

INFN - Laboratori Nazionali di Frascati
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Å Subsequently the new technique was applied on 15 patients 

suffering from Glioblastoma multiforme, the most common 

primary brain tumor and the most aggressive form of brain 

cancer (life expectancy prognosis in humans: 6-12 months).

A precise thermotherapy of target areas in almost every

region of the body is possible (here: Thermotherapy of

the orbita up to a maximum temperature of 49°C).

Å The treatment is particularly attractive to doctors working with 

tumors in the brain since the nanoparticles are placed in the 

malignant tissue by means of an extremely precise electronic 

navigation system. So they can reach tumors that lie outside the 

reach of conventional surgical treatment, such as those situated 

deep in the brain or in regions that are responsible for essential 

tasks like speech or motor functions. 

NANOTECH FOR TUMOR THERAPY

A precise thermotherapy of target areas in almost every

region of the body is possible (here: Thermotherapy of

the orbita up to a maximum temperature of 49°C).
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