NANOMEDICINE: THE MIRACLE ELIXIR

Not too long ago diseases such as smallpox, polio, tuberculosis, and
typhoid fever ran rampant. They consumed billions of lives within their
prime, but the advent of new medical technologies such as antibiotics and
immunizations stopped them in their tracks. Now diseases such as AIDS and
cancer are taking lives at an increasingly rapid pace. What new medical
breakthroughs will diminish and ultimately exterminate the threat of these
diseases in the 21st century? No cures currently exist for them, and while
new treatment methods receive media attention, the technology to eliminate
these diseases for good does not presently exist. However, a new type of
technology shows great promise in the field of medicine; nanotechnology,
the multidisciplinary field of science dealing with the control of matter on a
scale beneath 100 nanometers’, is a new up and coming science. Although
materials engineered by nanoscience are in use today - from tile sealant to
Eddie Bauer pants - nanotechnology will not reach its full potential for some
time. This new technology has many possible applications in the medical
field. Nanomedicine? brings the potential to discover cures for many
currently incurable diseases, may aid in surgery, and may even be able to

reverse the biological aging process.
Fighting Cancer

First on the minds of those with cancer is the potential for a cure.
New nano- medicine techniques will be more effective than current
treatments such as chemotherapy and will not share the detrimental side
effects of these treatments. Several developments are already underway with
a good deal of success. For instance, Jennifer West and her research team at
Rice University were able to use gold-coated nanoshells® to successfully kill
cancer in mice. In their experiment they injected the nanoshells into a mouse.
The nanoshells became lodged in the cracks of the cancer tumors. Then they

shot the mouse with an infrared laser which heated up the gold on the nano-

! nanometer — one billionth of a meter.
> nanomedicine - the medical application of nanotechnology and related research.

* nanoshell - a spherical core of a compound surrounded by a shell that is several nanometers thick.
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shells while passing through the other cells
of the mouse harmlessly. The gold finally
burned the cancer cells without causing
damage to other cells. No mice died in the
process.

Another technique, developed by Jim
Heath, a Caltech chemist, uses nano-sized
sensors to detect cancer in its early stages. In
this procedure a doctor places a few drops of a
patient's blood on a sensor test chip. The chip

contains nanowires which detect proteins left

lcm

Figure 1: Rice University's nanoshell treatment of
cancerous cells. The outlined area is where the nanoshells
were injected. Within minutes of firing the infrared laser
the cancer cells died.

by cancer cells.

Cancer and other diseases can also be eradicated through a new treatment developed by

University of Michigan physician and researcher James Baker. In this treatment a clear fluid containing

particles engineered to slip past barriers like blood vessel walls latches on to, for example, cancer cells.
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Figure 2: James Baker's new treatment involves
nanoparticles which bind to a diseased cell and
cause the cell to engulf it. Once inside the cell, the
nanoparticles destroy it with a drug.

built smaller than a hypodermic needle.

The fluid then tricks the cells into engulfing it. Once inside
the cell, the particles tag the cells with a fluorescent dye
and destroy them with a drug.

Nanomedicine displays great benefits in the field of
diagnosing and curing diseases, but diseases are just one

example of a human health malady.

Nanosurgery
Nanomedicine also has the potential to revolutionize
surgery. Whereas present surgical instruments are

expensive to manufacture, nanotechnology will allow tools
to be manufactured in quantity, albeit design of the tools
will still be costly. These new instruments will be
extremely small, eliminating any visible evidence of

surgery-related scars. For instance, a surgical robot can be

Some of these new instruments will be able to operate on a cellular level. For example, a Japanese

team led by Dr. Noriyuki Nakamura, of the National Institute of Advanced Industrial Science and

Technology (AIST), has performed a surgical operation on a single embryonic kidney cell using a “nano-

needle” only a few billionths of a meter wide. The team used the needle as a probe on an atomic force



microscope* (AFM) to penetrate the cell. Since the nano-needles used
much less force to infiltrate the cell than a conventional AFM probe,
they caused less damage and deformation to the cell. The needle
allowed the team to modify the cell’s functions by injecting
Dr.

Nakamura hopes to use this technique on embryonic stem cells to

metabolic inhibitors into the cell’s metabolic pathways.

control their differentiation - the process by which cells transform

into specialized cells such as kidney or liver cells - to repair damaged

organs.

Life Extension
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Figure 3: The nano-needle
penetrating the embryonic kidney
cell in Dr. Nakamura's experiment.

The conglomeration of nanomedicine technologies will greatly

extend life spans and reverse the aging process. The average life expectancy today in the U.S. is 77.9

years (National Center for Health Statistics), but with the spread
of new technologies stemming from nanomedicine, the average
life expectancy will increase dramatically.

One way to extend a person’s lifespan is to prevent
telomeres® on the ends of DNA molecules from shortening each
time a cell divides. It may be possible to do so using a nano-
machine that can sense the DNA's state and release special
chemicals that impede shortening of the telomeres.

Another way to increase a human’s lifespan is to prevent
cell death caused by harmful chemicals. The most well-known
chemical of this type is the prion®, which is responsible for Mad
Cow disease. A nanorobot could easily travel from cell to cell
while breaking down these chemicals.

Solutions to cancer, a leading cause of death in humans,
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Figure 4: Telomere length declines as
humans age, ultimately leading to cell
death.

have already been addressed, but what about a solution to the HIV/AIDS epidemic and other infectious
diseases? AIDS kills an estimated 2.5-3.5 million people worldwide every year (UNAIDS/WHO). Infectious
diseases such as HIV/AIDS place a severe restriction on the average longevity of humans. Current

antibiotics work well against bacterial infections (although antibiotic-resistant strains are beginning to

* atomic force microscope — a microscope that uses a tiny probe mounted on a cantilever to scan the surface of an object.

> telomeres - special nucleotide sequences at the end of DNA which shorten after each cell division, eventually causing death
of the cell. Telomeres protect the organism's genes from being eroded.

® prion — an infectious form of protein that may increase in number by converting related proteins to more prions.
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develop), but antiviral drugs are expensive and do not work very effectively because viruses are not
active until they take over a cell. The human immune system is effective at fighting most infections, but
many diseases can cleverly evade it. However, nanobots, unlike the immune system, are not susceptible
to attack by pathogens and can be programmed to fight diseases they have never encountered before.
Another major cause of death is accidents. Accidents usually either involve mechanical injury
(trauma) or chemical injury (poisoning or oxygen deprivation). Nanobots in the future could save people
from accidents that would be fatal today. Nanobots embedded in tissue could strengthen the tissue and
prevent tearing, eliminating trauma. Other nanobots could vacuum up poisons before they cause any
damage, nullifying chemical injury, or they could seal off poisoned areas to prevent the poison from

spreading to other parts of the body.
Limitations of Nanomedicine

The nanomedicine incarnation of nanotechnology has the potential to fix numerous problems in
the field of medicine that are currently unsolvable, but like any other technology it has its limitations.

The biggest limit on nanomedicine's effect on our lives would most likely be waste heat. The
human body is usually able to dump 100 extra watts of power without sweating, but nanotech motors in
medical devices are much more powerful than biological ones. A cell-sized cluster of nanotech motors
could use up to ten watts and would immediately overheat. Thus, an individual would be limited as to
what medical devices he or she could install into his or her body because of power budget concerns.

Another limitation is the amount of free space in a cell. A nanobot would have to be carefully
designed in order not to disrupt the intricate mechanisms and organelles” within the cell. However, this
problem may not be as large as previously thought since researchers have discovered that bacteria are
able to hide in our cells.

Although unforeseeable dilemmas will inevitably arise in the field of nanomedicine, its derivative
technologies will solve more problems currently plaguing human health than they will create. Progress
has already been made in curing cancer with nanomedicine technology, and other diseases may be
eradicated through the new treatments developed by James Baker. Surgical tools developed by
nanotechnology will be able to perform surgery inexpensively and without any scars, and nano-needles
will be able to modify a cell to do practically anything a scientist desires. The efforts of nanomedicine
researchers and scientists will ultimately lead to extended life spans and decreased accident fatalities.
As a result, nanomedicine very well could be the miracle elixir that rids humans of health maladies and

allows them to enjoy longer and healthier lives.

” organelle — one of several formed bodies with specialized functions, suspended in the cytoplasm of eukaryotic cells.
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