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Geoethical Nanotechnology, July 20th, 2007.

| am going to touch briefly on technologies that are currently under

development and then move a step ahead, into more of a philosophical

regime rather than a scientific regime, and see what should be d one, the
main goal of us scientists, in moving ahead to these technologies.

Many of us are already famll.lar with _ Tl Nanotechnology Revibition
nanotechnology. = We are inundated on a daily A S s

“Nanotechnology is no basis —
longer a myth, it is science with

based on real life successes.”

plenty of
information via newspapers, magazines, or
scientific research publ ications.  There is also

plenty of money available to conduct the nano

Sources: Norman Pore. Merll Lynch

research, both from the governmental Nanotechnology is predicted to rival the development of the
. . . automobile and the introduction of the personal computer

agencies, as well as from private agencies. We

are all also familiar with how nanotechnology is

going to achieve varying things, scientifically Image 1

and otherwise.

Nanotechnology is no longer a myth, it is
science based on real life successes. Itis
going to bring in a market value of about $25

bil lion by the year 2011, which is not very far
away; it is just four years more. Itis truly a
revolution, competing with some of the great
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revolutions there have been so far such as
textiles, railroad, automobile, computer, and
SO on.

Having really s een the impact of the
nanotechnology revolution, | want to give you
a heads -up on exactly what the nano scale is.
It takes about one nanometer to reach one
billionth of a meter; the depiction that you see
is equal to one nanometer.

TheJOURNAL of GEOETHICAL NANOTECHNOLOGY

What is the nanoscale?

——— 0

1 meter = 1,000,000,000 nm

5 Ni atoms ~ 1.nm

Ni (110 surface) http:/'vwww.almaden.ibm.comivisistm/blue himl

Image 2

There are several examples that we could use
to define nanoscience [ 1] and nanotechnology,

both natural as well as manmade.

What is Nanoscience & Nanotechnology?

Things Natural

Things Man-made

215t
Century
Chstengo

Image 3

Nanoscience is all about understanding the
scientific aspects of materials and technologies

of the nano scale. Present nanotechnologie S
are about converting this basic science into
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applied benefits. | am going to outline why
these nanomaterials are important, and why
we feel the importance of the nanomaterial is
not only within the manmade things, but also
in the natural environment. The nanomaterials
are really important because the materials

POSSEsSSs very, very unique properties.

Take gold for example; we are all familiar with
gold. You can see these ornaments are owned
by many people in different countries. Solid
gold is bright ye llow in color, whereas the

nano -sized gold is bright red in color. The

optical and mechanical properties of the gold
change with size.

Think of any property, the nano scale has very
unique properties.
take advantage

and build items by utilizing those unique

The idea is to convert,
of these nano scale properties,

advantages.

Nanotechnology is not
there in nature, we now have the opportunity

to understand the presence of nanoscience and
nanotechnology in nature. The re are several,
very exciting examples. For example, abalone
pearls. |am sure we are all familiar with
abalone pearls, which are extremely expensive
and are made up of nanostructured calcium
carbonate with protein and carbohydrate

es these abalone
pearls worth millions of dollars.

mortar. That's what mak

Whereas the familiar chalk that we use for
writing on the board is also made of calcium
carbonate. Chalk is worth pennies when
compared to the millions of dollars of value of
associated with abal one pearls. That is the kind
of value that nanotechnology and nanoscience

possesses within the natural environment.

real

y

new
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Nano adhesives - Lessons from a Gecko! | S g

Gecko Foot Structure

.G eck® s foot has thousands of 30-130mm
long hairor Seta

~

¥ Each Seta hag hundreds of 200-500nm
spatula shaped structures

© Adhesion is mainly due to Van Der Waals
force

9 Adhesive thatis dry and self-cleaning!

Image 4
There are a few more examp  les, the gecko for
one. The gecko has the ability to provide an
extreme and aggressive competence in
climbing mountains. The ability of the gecko
comes from the structures
which is all made of nanostructured material.
Such nanostruct ure provides unique properties
and unique advantages.

Similarly, there are power plants, literally
power plants which are chloroplasts in various
plants that we've seen, and that is what is
responsible for energy, and this is again a
nanostructur ed material.

Nano ‘power plant’ - Chloroplasts

Photesystes [ -

o 11+
Cytachromes b and {
ATE synthase

Light

2,

Energy and Biomass

Image 5

Another example is the the Manuka beetle
cuticle, which has a nanostructured liquid
crystals that have very interesting optical
properties that ma  kes the cuticle iridescent.

Copyright © 208 Terasem Movementnc.
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While there are innumerable number of
examples in nature, it is exciting to know that
we are now, slowly unraveling these mysteries.

Biomimetics of photonic nanostructures
-Moth’s Eye

SEM of anti-reflective surface
from the eye of 4 moth

Aunti-reflector with vidges Blomimetic replica fabricared
an three facets on the eye with jon-beam etching.

MNature nanotechnology, 2, 247-353, 2007

of 9% geckods foot,

When we examine the moth's eye using the
traditional electron microscope technique, we
would realize it has some very interesting
nanostructures, and that is what is responsible
for the behavior of the eye.

The iridescent wings of
a
Morpho butterfly

A mimi abrcated with the
FIB-CVD method.

tures in the
hat reflect blue light

Image 7

When you look at this beautiful Monarch
Butterfly, you see beautiful colors; different
colors of the butterflies which are shown in
nature. What you see here is the wing of the
Morpho butterfly,  and those colors are due to
the nanostructure, which is responsible for the
tint in the blue line.
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Having learned all these lessons from nature,
we are slowly trying to mimic nature. Trying to
see how best we can incorporate the
nanostructure process of  the materials in
nature, and how to convert them to our

advantage. A recent publication of Nature and

Nanotechnology [ 2] describes how a tobacco

mosaic virus conjugated with nanopartic lesis

being developed as a digital memory device

(Nature Nanotechnology  72(1), 72 -77, 2006).

What good example is greater than the human
body itself?  The human body is an array of
various nanotechnological materials and
nanotechnological principles, so the human
body is really an epitome of the advantages
that nanoscience and nanotechnology can
offer.

Having really looked at what the life sciences
offer in nature, man is trying to translate those
into the laboratory. When you look at the
manmad e nanotechnologies of what we have
today, one could literally make a variety of
different sizes and shapes of these
nanomaterials.

Image 8

You have rods, nanocubes, nanotetrapods,
carbon nanotubes, nanowires, nanofiber,
nanoplates, and so on. These are all being
made on a commercial scale in laboratories.

Copyright © 208 Terasem Movementnc.
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The commercial potential of the advantage is
very obvious.  Look at the way the carbon
nanotubes are being de  veloped for a variety of
products for their unique and excellent

properties being the lightest and yet the

hardest material ever known to humankind.

The technologies that are being developed in
terms of biomedical applications are
multifunctional polymeri ¢ nanopatrticle
platforms; nanosensors for in vitro bio -
analysis, drug delivery, and diagnosis, and so
forth.

There are also technologies that are close to
commercialization or already commercialized.

For example, the technology that has been

rece ntly commercialized in Japan is a drug

delivery system for topical applications. This is
a nano -based technology that really changes

fine wrinkles of an aged hairless mouse. The
treatment helped in ridding the wrinkles

(Pharm Tech Japan (2005), 21 (12, Rinji
Zokang), 2000 -2004).

NANOEGG™
A novel DDS for topical applications

!

Norlsic <8 .
Serfactant

All-trens Retirole Ackd iz /
Sodum salt A cof lon

Image 9

Another very interesting nanostructured

material that is being developed for integrated
cancer imaging and therapy is silica core gold
shell nanoparticles.

The beauty of these materials, the way they
are being designed, is that by just tuning the
optical properties of near  -infrared rays, one


http://www.terasemjournals.org/gn0301/ck2.html#1
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image the tumor, as well as subject it to This brings us back to my own laboratory

thermal therapy. These technologies are, where we are trying to engineer new site

again, under commercial development (C.Loo specific, controlled released drug delivery

et al 2005). systems what my coll  eague, Professor
Leuschner [ 3], described as integrating the

One of the papers that | am very fond of and LHRH Ligand Based Therapy [ 4] for controlled

citing all the time was published in 2005 - it's release of anticancer drugs.

AAn El egant Design -ciell Pol ymeric core

Nanoparticles for the Treatment of — Engineering of Site-specific and ot
Angi o g e nkg]Fhe design[is so elegant that Controlled Release Nanovehicles
it has shown tremendous promise in the mice
studies, and is currently under development for v LHRH ligands for receptors on
. . . breast cancer cells

human trials. Once injected into the
bloodstream, the core  -shell particl e is - ;I':?f*”“‘* themselves prevent
selectively taken up into tumor tissues, where ! uptake
the lipid layer rapidly releases a drug that kills Ve Contiolled felease magnetically
endothelial cells and disrupts blood vessels. ) -

] v" Possible counter to diffusional
The inner core gradually releases a instability

chemotherapeutic drug to destroy the cancer
cells. (Senguptaetal 200 5).

Image 11

Polymer Core- Lipid shell nanoparticles

g ; This release is unique in the sense that we are
for treatment of angiogenesis

trying to have a magnetically modulated
controlled release. ~ Wherein one could, in
princ iple, have a three -pronged approach
targeted and controlled release delivery of

anticancer drugs.

Image 10

Copyright © 208 Terasem Movementnc.
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_“ Engineering of Site-specific and -" The first thing being developed is LHRH -SPION
Controlled Release Nanovehicles contrast agents for magnetic resonance

imaging of cancer andt  he preliminary  results
that we got, both in animal studies, as well as
intra studies, are very, very encouraging

“ think it all leads to (Breast

. s S Cancer
universal consciousness.”
g : Research

and Treatment, 99(2), 163 -176, 2006).

This is where nanotechnology is so far and
Image 12 . »
there are several more exciting opportunities

This is currently under development in our that - nanotechnology provides, and those

laboratory . We are looking at various specific
aspects. For example, the first thing we
demonstrated is to see if the oscillating

magnetic field can control the release of drugs

in this material. We have shown by looking at

nanotechnologies  have to be screened, but
are not far away.

This is no longer science fiction, it is science
based on real life examples. For example,

. . . there are military suits that are being
magnetic polymer composite materials, an d

then we have demonstrated it is indeed
possible when you apply oscillating magnetic
fields ( Langmuir, 21(5), 2042 -2050, 2005).

developed which can monitor health (which
can ease injury), and communication,
enhancing a soldierbés performanc

In addition, such military suits are so
Harnessing the Power of
m Nanatechnologs in Disgnostic lightweight that one could literally leap into tall
Technology buildings in a single bound.

LHRH-SPION® is a contrast agent for

Magnetic Resonance Imaging (MRI) of cancer L. . . . .
Similarly, imagine going to a doctor and having

the cancer detected as well as treated at the
same time on a single visit. It is a possibility; it
is no longer a myth. One could talk about
space elevators[ 6] - these are all
technologies that are currently being

Injectable

et Fomulation l developed.
Image 13 While such technologies are being developed,
one may be worrying about the concepts on
I think I can proper  ly address the question: nanowars. Thereds much discussion go
Why are you looking at commercialization in trying to understand wha  t fine control and
aspects and technology for LHRH based influence one could have utilizing these

“This is no longer science maTteria!s nanomaterials for biomedical applications.
fiction, ‘it"f_s‘ science based orimaging think such dialogue is very, very crucial and
on real life examples.” as to the important while the technologies are being
treatment? developed.

Copyright © 208 Terasem Movementnc.
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| recommend a very interesting book b y
Michael Crichton, Prey [7]. | think this also
helps one to really understand the various
other aspects of these new technologies that
are being developed.
Having given youa  brief idea about how these
nanotechnologies are revolutionizing different
disciplines and different phases of life sciences,

| think one may ask the question as to where

I think that is the most
important question in my view.

this is all leading.

The purpose of moving into higher end
technologies, day in and day out, is to enhance
our quality of life, or is there something else?

| think that's the crucial question which one
needs to answer.

| think the most important lessons tha t
nanotechnologies provides is for our lives.
That crucial understanding is what | would call
nano -thinking.
think small while thinking big. It is the

Nano - thinking is the ability to

difference between a commercial thinking and
an integrated thinking. Wh
thinking, you cannot only enhance your ability
to do wonderful science, but also increase your
ability to look inward.

en you have such

TheJOURNAL of GEOETHICAL NANOTECHNOLOGY

Nano Thinking : Ability to think small while thinking big !

Conventional Versus Integrative Thinking

Image 14

Coming backt o my question of what all of
these technologies and continuous
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1st Quarter, 2008

- level of
| think it all

enhancements in our level of thinking
implementing our minds leads to?
leads to universal consciousness.

Our mind is an extraordinary source of highest
potential. Th e mind is really responsible for
bringing out these new technologies and new
approaches, and helping us to understand
nature and the world better. The mind is
what is really sharpening us, and then the
sharpening is what is going to bring us towards

univ ersal consciousness.

There is a very interesting statement from
ancient Scriptures, VEDAS, from the Hindu
The
Mahat mayamo.

statement
What it
universe, or the universal consciousness, is
the smallest of the smallest,
and biggest of the biggest. This statement

religion,

just one, which is

truly conceptualizes nanoscience.

Therefore, there is only one thing which carries
both the small and the big, and that is the

| think that all
rese arch and technologies are moving in that
direction.

universal consciousness.

| would like to end with two very important
statements from Einstein that really
summarize where all of these technologies are
leading to. The first one is:

"The most beautiful and most profound
emotion we can experience is the sensation of
the mystical. It is the source of all true art and
science. He to whom this emotion is a
stranger, who can no longer wonder and stand
rapt in awe, is as good as dead. To know what
is impenetrable to us does really e xist,
manifesting itself as the highest wisdom and
the most radiant beauty which our dull
faculties can comprehend only in their
primitive forms. This knowledge, this feeling is

the center of true religiousness."

S

me ans

AANnor

S

t h
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Another rather very profound statement fr
Einstein is:

om

"Our time is distinguished by wonderful
achievements in the fields of scientific
understanding and the technical applications of
those insights. Who would not be cheered by
this? But let us not forget that knowledge and
skills alone cannot  lead humanity to a happy
and dignified life. Humanity has every reason
to place proclaimers of high moral standards
and values above the discoverers of objective
truth. What humanity owes to personalities like
Buddha, Moses, Mohammed, and Jesus ranks
for me higher than all the achievements of the

enquiring and constructive mind."
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Imaging and Treatment of Cancer through
Combinations of Nanoparticles and Hormones.

Carola Leuschner, Ph.D.

This art icle was adapted from a lecture given by Professor Carola Leuschner,
Ph.D. during Terasem Movement, Inc.0s 3rd Annual
Geoethical Nanotechnology, July 20th, 2007.

Dr. Leuschner discusses in detail, the work of her research team at the
Pennington Biomedical Research Center, Baton Rouge Campus of the
Louisiana State University, which employs nanotechnology aimed at
targeting and eradicating breast cancer cells while leaving normal cells
unaffected.

I will give a brief background about Nanotechnology involves particles that are

“Nanoparticles can be used [Riiel
to infiltrate sub cellular one and

nanotechnology, cancer, targeting cancer, and
then talk about preclinical development of a

contrast agent for magnetic resonance imaging compartments.” two
(MRI) [ 1], which includes synthesis, studies in hundred
vitro and invivo [ 2] testing; magnetic nanometers.  To have a comparison, about a
resonance imaging; and then preclinical million nanometers is the size of a dust mite,
development of a new treatment for cancer, S0 you can imagine how small nanoparticles
specifically in metastatic disease. Again, are.

synthesis and in vit  ro and in vivo testing are

involved. The small size has many advantages because

nanopatrticles are smaller than cells, and
smaller than a subpopulation of cells, the so -

Copyright © 2009 Terasem Movement, Inc.
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called organelles in cells. Therefore,
nanoparticles can be used to infiltrate sub
cellular compartments.

They are too small to obey ¢ lassical physics,
however, too large to apply to quantum

physics. They have a large surface, and due
their small size and modification change
properties are certainly abundant. They are
small enough to enter tumor cells and also
normal cells, and they ca  n be used for
biomedical applications.

Applications in nanotechnology and medicine
would be, for example: building sensors for
biomolecules. It can be used for imaging, for
example, if the contrast agent is linked to a
delivery system.  They are for treat ments
through hyperthermia, and also for building
biomedical devices.

Cancer as a disease is still untreatable. If you
look at development and changes in death

rates in the U.S., heart disease death rates
between 1950 and 2001 definitely dropped

way down .

Change in the US Death Rates* by Cause,
1950 & 2001

Rate Per 100,000

600
1950

500 I 2001

400
300
200
100

0 . ) N
Heart Cerebrovascular Pneumonia/ Cancer

Diseases D L Influenza

Image 1

However, cancer death rates still stay

stagnant, and there was no improvement in

cancer treatments regarding survival. The
main reason for that is that ther e is something
which is called metastatic disease [ 3]. We

Copyright © 208 Terasem Movementnc.
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have primary tumors and metastatic disease to
distinguish.

Primary tumors can be treated if early

recognized and diagnosed; if the patient
contracts metastatic disease (a disease from
the primary tumor building up metastases in

“Nanotechnology can lymph
certainly build a bridge S
in the gap to detect early |RElN
stage metastatic disease.” [l

and other

parts of the the body), that stage of the
disease is causing the five year survival rate to

drop drastically inlung ¢ ancer, and less than
10 percent and 20 percent in colorectal

cancer. Therefore, we have less than 50
percent survival rate in patients with

metastatic disease.

The big problem in that case is also metastatic
disease is not readily detectable.

Nanotechnolo gy can certainly build a bridge in
the gap to detect early stage metastatic
disease. Nanoparticles can be designed for
implant and hormone treatment modalities to
increase treatment efficacy.

Currently applied methods for detecting

metastatic disease, we ¢ an distinguish between
invasive methods, which require anesthesia

and, for example, among those are tissue
biopsies; the tumor needs to be at least

greater than one centimeter in diameter; bone
marrow aspiration is very invasive and it is

also painful.

In the case of noninvasive methods for

example mammography or ultrasound, the

tumor needs to be about one centimeter and

has a 36 percent detection rate by ultrasound.

More sensitive methods of detection are X -ray,
PET and CT [ 4], that can detect 60 percent of

the lesions which are already missed in a
mammogram, and they offer higher sensitivity,

12
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and can detect tumor sizes between 6
millimeter and one centimeter.

Magnetic resonance imaging ( MRI) can
certainly be improved dramatically by using a
contrast agent.
agents, | will further elaborate on that method
to develop better agents. There are already

Looking at contrast the

clinically approved contrast agents for MRI on
They acc umulate mainly in the
liver and, therefore, can certainly improve the

the market.

resolution for magnetic resonance imaging in
this organ. Another contrast agent is the iron
oxide nanoparticle of 25 nm size, for example,
that would be applicable for the detection of
lymph node metastases.

Both of these magnetic resonance imaging
contrast agents have the disadvantage that
they do not necessarily accumulate within the
cancer cells. We want to specifically detect the
cancer cells, not the surrounding tissue, and

also red uce the background to have a higher

sensitivity.

Here, the next graphic shows nanoparticles for
detection of lymph node metastases in
prostate cancer patients. These nanoparticles
are carried into the lymphnodes by

lymphocytes, and you get basically an in direct
image by having the surrounding of the tumor

itself labeled.

Nanoparticles show Lymph Node Metastases
in Prostate Cancer Patients —
Cancer Cells are not Labeled

th prostate cxncer mesastases were inject
netic irou oxide nanoparticles and under

Copyright © 208 Terasem Movementnc.
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Whatever area is not occupied by the tumor
cells in the lymph node, as found in that
approach, is taken up by the lymphocyte
containing nanopatrticles.
differential image acquisition; it is an indirect

You have a

acquisition. You have to make two magnetic
resonance images (at least two), to get a
contrast image in order to make a diagnosis.

In our approach, we seek to directly label
cancer cells in vivo. In order to do that we
have been looking at surface receptor
expressions of cancer cells and we have found
(others have also published) that hormone
receptors, luteinizing [ 5] hormone -releasing
hormone receptors, are over  -expressed in
most of the ten leading cancer cases. For
example, prostate cancer, colon cancer, even
melanoma and cancer of the kidney, breast

cancer, etc.

There are a lot of cancers which have
specifically over -expressed these receptors,
and these cancers could be targeted with our
approach, which | will explain. The luteinizing
hormone -releasing hormone receptor is a
receptor that binds to LHRH, which isa
decapeptide, ten amino acids long, and
naturally released from the brain and regulates
reproductive function. However, cancer cells
also over -express LHRH receptors, therefore,
can be targeted.

We have synthesized and characterized super
paramagneti c iron oxide nanoparticles. These
nanoparticles are the basis for contrast agents
for the magnetic resonance imaging.
Superparamagnetic iron oxide nanopatrticles
are produced through adding chemicals to iron
chloride. These nanoparticles have been
characte rized and it has been shown that they
are not toxic, super  -paramagnetic, and
through physical and chemical measurements,
these particles have been thoroughly analyzed

in Dr. Challa Kumar'slab[  6].
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Image 3

In summary, it is important that these particles
are super -paramagnetic and, therefore, they
increase the contrast in magnetic resonance
imaging.

These particles, in order to use them as

specific targeting molecules or entities for

magnetic resonance imaging, have to be

connected with a targeting agent which is, in

this case, the luteinizing hormone -releasing
hormone. That is binding directly to the cancer
cells, that is called the LHRH.

Here you see in this panel, the LHRH iron oxide
nanopatrticle that has (in the peptide -bound
stage), a small reduction in electronic

saturation, and it changes its features. The ion
oxide nanoparticle is positively ¢ harged,
whereas the LHRH -SPION is almost neutral,
which is a very important finding.

If we are looking at the accumulation of iron
oxide nanoparticles, there are LHRH
conjugated nanoparticles in breast cancer cells,
which over express LHRH receptors.
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Image 4

You can already see by looking at the different
shades of blue, which in this case is an iron
detection, there's free iron oxide nanoparticles.

It's a fairly light b lue. There is much darker
blue, which means much more iron from the
nanoparticles are inside the cells in the case

when we have specifically targeted the LHRH -
SPIONSs to the cancer cells.

That is a direct receptor  -mediated endocytosis
[7] has been proven by co  -incubating these
cancer cells with the ligand LHRH, blocking the
receptor for LHRH and basically preventing the
LHRH-SPIONSs to enter into the cell, which

shows in the lighter blue s tain at the lower row
of the panel.

Another important part is that we do not want
nanopatrticles to be taken up by macrophages
[8]. Depending on charge and surface, and
also size, macrop hages take up injected
nanoparticles, which would basically be
removed from the circulation and therefore,
would be unable to reach the target organ or
the target cells.

If you look here at the free SPIONs, the
SPIONs are very easily taken up by
macrophage s. Looking at the conjugated
LHRH-SPIONSs, we have very poor uptake,
meaning we have a very extended circulation
time and increase the chance to deliver the
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