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Abstract

It can be said that "small technology" becomes a very useful technology and is replacing the classical technolo-

gy. Nanotechnology is an applied technology relating to management, construction, synthesis of devices in a-

tomic or molecular level that poses the size between 1 and 100 nanometers. In this short article, the author will

summarize important advent in nanodiagnosis and nanotherapy then further extrapolate this for the tropical med-

icine aspect.
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INTRODUCTION

It can be said that " small technology" becomes a
very useful technology and is replacing the classical
technology. Nanotechnology is an applied technology
relating to management, construction, synthesis of
devices in atomic or molecular level that poses the
size between 1 and 100 nanometers. In medicine,
present molecular biology technique is often made of
the microlevel technology which is about 100 times
larger than this new kind of technology. Measure-
ment in nanometer is widely used in nanoscience. In
addition to length, area as two-dimensional aspect
and volume as three-dimensional aspect are also fo-
cused in nanoscience. Of interest, nanoobjective is
not a new thing. Human beings have ever used
nanoobjects for a long time. In the West, Lycurgus
cup, a magic golden cup which could automatic
change its color and was made in A. D. 300" is
the best example. The technique used to grind Ro-
man diatreta glasses is elucidated with the aid of re-
productions of both the network diatreta from Co-
logne-Braunsfield and Niederemmel as well as the
Lycurgus beaker'” .

The nanoparticle has its significant change in its

Correspondence to: Viroj Wiwanitkit, MD, Wiwanitkit House,
Bangkhae, Bangkok, Thailand 10160. wviroj@ yahoo. com

- 56 -

property comparing to larger size particle. In brief,
the nanoparticle has its own new property due to the
change of 1) contact surface area, 2) electrostatic
property and 3) quantum property. Simply, it means
that nanoparticle has incresed reaction possibility
due to significantly increase of contact surface area
and it also pose new color and other physical proper-
ties due to the chance of electrostatic and quantum
properties. Of several nanotechnology, nanomedi-
cine is a new branch of medical science. Nanomedi-
cine embraces five main sub-disciplines: 1) analyti-
cal tools, 2) nanoimaging, 3) nanomaterials and na-
nodevices, 4) novel therapeutics and drug delivery
systems and 5) clinical, regulatory and toxicological
issues. It can be said that the potential of nanotechn-
ologies raises great hopes. In this short article, the
author will summarize important advent in nanodiag-
nosis and nanotherapy then further extrapolate this
for the tropical medicine aspect.

NANODIAGNOSIS

Based on advanced nanotechnology, nanoanalytical
tools and nanoimaging are available. Nanoparticles,
such as gold nanoparticles, silver nanoparticles and
quantum dots, are the most widely used, but various
other nanotechnological devices for manipulation at
the nanoscale as well as nanobiosensors are also
promising for potential clinical applications'*'. Gold
nanoparticle is one of the most widely used nanoma-
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terial at present>®

Due to the very small size of
gold nanoparticle, the surface area significantly in-
creases comparing to general gold. Therefore, it can
be used as sensor. Of interest, the different size gold
nanoparticle results in difference colors. The change
of the color of gold nanoparticle from pink at very
small to gray at larger size can be seen. Silver nano-
particle is another widely used nanomaterial”®' .
The different size silver nanoparticle also results in
different colors. It should be noted that silver nanop-
article, which has the size lower than 10 nm has
golden yellow color while the color change into red
and black in the larger size. In conclusion, nano-
technologies will extend the limits of current molecu-
lar diagnostics and help in point-of-care diagnostics,
integration of diagnostics with therapeutics, and de-
" In addition,

nanoparticles can also be used as ybridization probes

velopment of personalized medicine

in single nucleotide polymorphism screening and to
detect biological markers for cancer, infection, and
cardiovascular diseases. Indeed, nanobiosensor is a
new hope in diagnostic technology. Various types of
transducer and bioreceptor molecule are presently
used for nanosensor and nanobiosensor fabrication
11 In the biochip, flow splitting nanochannels,
chaotic nanomixers, reaction nanochambers and de-
tection nanofilters are fully integrated. Several bio-
chips are assuming an important role in submolecular
diagnostics, and their application in point-of-care di-
agnosis is expected to facilitate the development of
personalized medicine! .

Quantum dot is another important nanoparticle,
mainly used for imaging purpose. Quantum dot is a
synthesized nanopolymer with semiconductor proper-
ty. Quantum dot is a novel class of inorganic fluoro-
phore which is gaining widespread interest as a result
of its exceptional photophysical properties. Semicon-
ductor quantum dots are inorganic nanoparticles with

"I In particular,

unique photophysical properties
their huge one- and two-photon absorption cross sec-
tions, tunable emission bands and excellent photob-
leaching resistances are stimulating the development
of luminescent probes for biomedical imaging and

31 With the nanoproperty of

sensing applications
quantum dot, electron and energy transfer processes
can be designed to interprete the luminescence of
semiconductor quantum dots in response to molecular

3]

recognition events'” . On the basis of these operat-

ing principles, the presence of target analytes can be
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transduced into detectable luminescence signals.
The quantum dot is proved to be better than classical
fluorecence imaging because it has longer half life,
therefore, allows following up of dynamicity in the
cellular process of the focused stained celled. At
present, quantum dots have been increasingly em-
ployed in measuring the dynamic behavior of biomac-
romolecules using fluorescence correlation spectros-
copy' . This brings a challenge, because quantum
dots display their own dynamic behavior in the form

of intermittent photoluminescence, also known as
blinking '"'.

NANOTHERAPY

The important query " How can we search the site
and size specific therapy?" has been searched for its
answer for years. Luckily, due to the advanced
nanobiotechnology, the answer seems to be reached.
The core concept of nanotechnology is the "small".
In one sense, small means specific: focus on a limit-
ed scoped site and size. Nanopharmacology is a very
useful medical science. It can be applied for nano-
therapy. New specific drug design can be performed

d'"*" " Nanopharmacology is the hope for

at presente
treatment of presently untreatable diseases such as
cancer and human immunodeficiency virus infection.
The application of nanotechnology on drug delivery
can be seen in four important areas as controlled re-
lease of drug, prolongation of drug life-time, accel-
eration of drug absorption and drug targeting.

There are many nanomaterials that are presently
applied for drug delivery. However, the most widely
used ones are aptamer, liposome and dendrimer.
Neverthess, the best known nanoparticle is lipo-
some, a spherical shape nanopolymer. Liposome “s
main composition of liposome is sugar and protein
that can act as the receptor. The good property of li-
posome can help accelerate drug absorption as previ-
ously mentioned. In many cases liposomal drugs are
administered via the bloodstream "', The stability
in the bloodstream, clearance, and biodistribution
are dependent on the composition, size, and charge

191 Three kinds of functional long-

of the liposomes
circulating liposomes are available at present, name-
ly, thermosensitive liposomes for delivering macro-
molecules, pH-sensitive liposomes for the cytosolic
delivery of encapsulated materials, and reticuloendo-

thelial system - avoiding liposomes for the passive
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targeting to tumor tissues "', In addition, it has be-
come increasingly evident that tissues utilize specific
localization of enzymes to perform certain tasks, of-
ten associated with various types of tissue remode-

U1 " The ubiquitous presence of such enzymes,

ling
along with their specific localizations, provides an i-
deal opportunity to elicit specific delivery via an en-

zyme-triggered mechanism'"™ .

APPLICATIONS OF NANODIAGNOSIS AND
NANAOTHERAPYU IN TROPICAL MEDI-
CINE

As previously mentioned, it can be seen that nano-
technology can be applied for diagnosis and therapy
for many diseases including tropical diseases'"”. For
nanodiagnosis, there are some recent reports and
most are the new diagnostic alternatives. For exam-
ple, progression of respiratory syncytial virus infec-
tion monitored by fluorescent quantum dot probes
was recently reported by Bentzen et al'* . In another
study, Agrawal et al'*" reported that antibody-conju-
gated nanoparticles rapidly and sensitively detected
the virus and estimated relative levels of surface pro-
tein expression. Agrawal et al'?'! proposed that a ma-
jor development was the use of dual-color quantum
dots or fluorescence energy transfer nanobeads that
can be simultaneously excited with a single light
source'”'". The good property of gold nanoparticle re-

' is not surprised be-

ported in the quoted articles'”
cause the finding is due to the basic property of nan-
oparticle as mentioned in the early part of this arti-
cle. It seems that there will be enormous new diag-
nostic tools, enzyme linked immunoassay or molecu-
lar based tools, for diagnosis of several tropical in-
fections within a next few years. However, an im-
portant concern in developing of such new diagnostic
tests kit is the specificity of the test. Because most
reactions in nanodiangosis are based on the electro-
static reaction the specifit of which is actually lower
than basic molecular immunological reaction. This
follows the basic fact in laboratory medicine that the
sensitivity and specificity are usually discordant.

For therapy, there are many reports on new
drugs and vaccine for tropical diseases based on the
nanotherapy technology. An interesting advent is the
success in nanovaccination for Japanese encephali-
tis. Okamoto et al recently reported that single dose
of inactivated Japanese encephalitis vaccine with po-

.58 -

ly ( gamma-glutamic acid) nanoparticles could pro-
vide effective protection from Japanese encephalitis

[22]

virus Several attempts are also mentioned for

other important diseases including influzenza virus

[23,24]

and human immunodeficiency virus It is no

doubt that the nanoparticle can be succussfully used
as molecular tool for gene transferring in vaccine pro-
duction. However, there is still a big concern on the
usage of nanoparticle because the nanotherapy is
quite a new technique and there is no complete re-
port on its long toxicity and teratogenicity.
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