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Carbon Nanotubes:

“ELECTRICALSCONDUCTIVITY,

Ballistic transport means that electrons in
than in
ipate. This

nanotubes travel much fe
metals, and they don't di
conductivity could be useful in making
electric paint, absorbing static, storing
con circuits

energy or replacing chips' s

*FLEXIBILITY

Nanotuk an be bent 120 degrees and
snap back. Potential failure is therefore

reduced

VSELF-ASSEMBLY,

on circui
nanotut

"STRENGTH

Six times lighter than steel but more

than 500 times stronger

* THERMAL'CONDUCTIVITY,
The best material ever

at from one pl

are potentially h

L LUMINESCENCE]

se mit light, nanotub
d in optical fiber

" SELF-RECOVERY

Strong covalent bonds mean that if an
missing, the remaining carbon

atom gc
atoms will fill the gap

" TEAM PLAYER

Almost chemically inert, nanotubes
won't prompt reactions in other

materials. That quali
useful in atomic microscopes or for drug

delivery




Carbon Nanotubes: Stuff from Hell?

Carbon Nanotube Definition
from Amorphus Carbon to Novel Nanomaterial

Amorphous carbon Graphite Diamond

Fullerene Carbon nanotube

University of Tokyo, October 2010



Carbon Nanotubes in Biology & Medicine

Pristine CINT

Only a few types of CNT used in
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The ‘Nanoneedle’ Hypothesis

A CELL MEDIUM

Carbon Nanotubes for Biomedicine
Why is all this interesting?
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What’s

and what’s

is long blood
circulation & high degree of
excretion

IS tissue accumulation
that may lead to side effects
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Tissue Distribution
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Urinary Excretion Mechanismikidney Tem)

Bundled MWNT found in the glomerular capillaries
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_Individual CNT

Lacerda et al, SMALL, 2008 FPo”




Carbon Nanotube

Fo

Peritoneal Model CNT Toxicity

LETTERS

Original Ariicle
Induction of mesothelioma in p53+— mouse by
intraperitoneal application of multi-wall carbon nanctube

afuya Takaglt, Akinlko Hirose?, Tetull Nishimura?, Nobutaka Fukumert,
Akio Ogata’, Horlo Onachl’, Satochl Kitalima' and Jun Fanno'

Carbon nanotubes introduced into the
abdominal cavity of mice show asbestos-
like pathogenicity in a piot stucty
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Surfactant-based dispersions of
pristine, long (>20um) CNT

Compared to asbestos fibers

Reported asbestos-like reactivity
that can lead to carcinogenicity
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CNT Pharmacology & Toxicology

Conclusions

CNT interact with biological matter leading to
biological activity

CNT structural and surface characteristics
determine biological profiles in vitro and in vivo

Chemical functionalisation with small
hydrophilic groups that can lead to
individualised CNT can cross the glomerular
filter and be excreted in urine

Processes that can lead to shorter that 5um
CNT can completely alleviate the asbestos-like
reactivity

CNT Structure-Biological Function studies are
the only way forward

Carbon Nanotubes in Medicine
INto perspective...




Carbon Nanotubes in Medicine
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Application

Cancer treatment Paclitael solid tumor model

e . Oncology is the prime indication
: when CNT are used in medicine
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