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Abstract

This chapter describes the negative consequences of medical technology development and commercialization that is too slow, and makes the case for an immediate large scale investment in medical nanorobots to save 52 million lives a year.  It also explains the essence of nanotechnology, its life-saving applications, the engineering challenges, and the possibility of 1000-fold improvement over our current human biological abilities. Every decade that we delay development and commercialization of medical nanorobotics, half a billion people perish who could have been saved.
Introduction

I never met my maternal grandfather, Irving Lincoln Smith.  I understand he was a good man, a kind and loving father, a hard worker.  He died in 1935, at the age of 39, when my mother was only 12.

Irving died of encephalitis, or “sleeping sickness.”  It is a horrible disease with many possible causes which has up to a 50% untreated mortality rate in some population subgroups.  Encephalitis is an inflammation of the brain.  Prolonged fevers over 106 Fahrenheit are not uncommon.  There is a pounding headache, unending nausea, stiff muscles, then drowsiness, coma, and sometimes death.

Irving’s passing was a great hardship on the family, which now consisted solely of my mother and grandmother.  The Great Depression, you may recall, hit bottom in 1935, the year Irving died.  My scrappy grandmother, who had never worked, managed to find a job and held on to the house.  She and my mother burned player piano rolls in the fireplace that winter, to keep warm.  The piano had been delivered just days before Irving fell ill. As a matter of fact, I still have that once-prized piano, and the last two surviving rolls, in my own house today.

What Irving's wife and daughter did not know, what none of Irving’s doctors knew, what almost no one in the entire world knew, was that almost a decade earlier, in 1928, an obscure Scottish microbiologist named Alexander Fleming had first reported the antibacterial activity of a common blue-green mold.  By 1929, Fleming had isolated the antibiotic substance and named it:  “penicillin”.  Tests showed that penicillin was not toxic to humans.

But that was 1929.  Irving died in 1935, six years later.  Almost nothing was done to promote the use or production of penicillin until 1938.

That’s when two British biochemists, Florey and Chain, began an intensive study to define the range of bacteria affected by penicillin.  They discovered, among other things, that penicillin was an effective treatment for some bacterial forms of encephalitis.

By 1941-44, in cooperation with American industry and the War Department, up to a ton of penicillin was being manufactured and distributed to Allied troops fighting in World War II.  Penicillin, a true wonder in its day, saved millions of wounded soldiers from dying of gangrene and other common battlefield bacterial infections that just a few years earlier would have been fatal. But all this good news came a decade too late for Irving.

My grandfather may have died, not because the cure he needed had yet to be discovered, and not because the FDA had taken too long to approve a new drug, but simply because the development and commercialization of a new technology took too long.  As a result, I never knew my grandfather, and my life has been forever impoverished as a result.

Each of us similarly has friends and loved ones we care deeply about – children, spouses, parents and friends.  Two of them die every second, somewhere on Earth, totaling 52 million worldwide annually.  But almost all of these deaths are, in principle, medically preventable – not by the methods of present-day medicine, but by a new form of medicine, called nanomedicine, that now lurks on the technological horizon.

1. What is Nanomedicine? 


What is nanomedicine?  The concept is fairly easy to understand. The only important difference between the carbon atoms in a plain lump of coal and the carbon atoms in a stunning crystal of diamond is their molecular arrangement, relative to each other.  Future technology currently envisioned will allow us to rearrange all atoms exactly the way we want them, consistent with natural laws, thus permitting the manufacture of artificial objects of surpassing beauty and strength that are far more valuable than diamonds.  This is the essence of nanotechnology:  the control of the composition and structure of matter at the atomic level.  The prefix “nano-“ refers to the scale of these constructions.  A nanometer is one-billionth of a meter, the width of about 5 carbon atoms nestled side by side. Nanomedicine is the application of nanotechnology to the field of medicine.

2. Nanorobotics


In decades to come, nanotechnologists will build nanoscale molecular parts like gears, bearings, and ratchets.  Each nanopart may comprise a few thousand precisely placed atoms.  These mechanical nanoparts will then be assembled into larger working machines such as nanopumps, nanocomputers, and even complete nanorobots.  With medical nanorobots in hand, doctors will be able to quickly cure most diseases that hobble and kill people today, rapidly repair most physical injuries our bodies can suffer, and vastly extend the human healthspan.  This application of nanotechnology to the improvement of human health is the most visionary branch of nanomedicine, called medical nanorobotics.

Microscale robots are already being investigated for in vivo medical use.  In 2002, researchers at Tohoku University tested magnetically-driven spinning screws intended to propel drug payloads through veins and into infected tissues, or even to burrow into tumors and destroy them with heat.  In 2005 a team at the Swiss Federal Institute of Technology in Zurich fabricated a similarly-powered microrobot small enough to be injected into the body through a syringe.  The team hopes their device might be used to deliver drugs or to perform minimally invasive eye surgery.  Moving still smaller in scale, experimentalists have used a rapidly vibrating micropipette to slice individual dendrites from single neurons without damaging cell viability.  Other researchers have wielded tightly focused femtosecond lasers as nano-scissors to perform nanosurgery on individual chromosomes inside a live cell nucleus, and have dissected the cell wall of a single bacterium, layer by layer, using an atomic force microscope.

Medical nanorobots would be even smaller and would be constructed entirely of atomically precise mechanical components.  The first and most famous scientist to voice the possibility of nanorobots traveling through the body, searching out and clearing up diseases, was the late Nobel physicist Richard P. Feynman.  In his remarkably prescient 1959 talk “There’s Plenty of Room at the Bottom,” Feynman proposed employing machine tools to make smaller machine tools, these to be used in turn to make still smaller machine tools, and so on all the way down to the atomic level, noting that this is “a development which I think cannot be avoided.”

With these small machine tools in hand, small mechanical devices, including nanorobots, could be constructed.  This technology, said Feynman, “suggests a very interesting possibility for relatively small machines.  Although it is a very wild idea, it would be interesting in surgery if you could swallow the surgeon.  You put the mechanical surgeon inside the blood vessel and it goes into the heart and looks around.  (Of course the information has to be fed out.)  It finds out which valve is the faulty one and takes a little knife and slices it out.  ...[Imagine] that we can manufacture an object that maneuvers at that level!...  Other small machines might be permanently incorporated in the body to assist some inadequately functioning organ.”

What is a medical nanorobot?  Like a regular robot, a nanorobot may be made of many thousands of mechanical parts such as bearings and gears composed of strong diamond-like material.  A nanorobot will have motors to make things move, and perhaps manipulator arms or mechanical legs for mobility.  It will have a power supply for energy, sensors to guide its actions, and an onboard computer to control its behavior.  But unlike a regular robot, a nanorobot will be very small.  A nanorobot that would travel through the bloodstream must be tiny enough to squeeze through even the narrowest capillaries in the human body.  Such machines must be smaller than the red cells in our blood.  A convenient measure of size is the micron, or one-millionth of a meter.  A red cell is about 7 microns wide.  A bloodborne medical nanorobot will typically be no larger than 2-3 microns in its largest dimension.  The mechanical parts that make up a nanorobot will be much smaller still, typically 1-10 nanometers in size.

3. Nanorobotics Revolution by 2020s


We cannot build such tiny robots today.  But perhaps by the 2020s, we will.  These future devices may be made of rigid diamondoid nanometer-scale parts and subsystems including onboard sensors, motors, manipulators, and molecular computers.  They will be fabricated in a nanofactory via positional assembly:  picking and placing nanoscale parts one by one, then moving them along controlled trajectories much like the robot arms that manufacture cars on automobile assembly lines.  These steps will be repeated over and over with all the different parts until the final product, such as a medical nanorobot, is fully assembled.

The ability to build nanorobots cheaply and in therapeutically useful numbers will revolutionize the practice of medicine.  Performance improvements up to 1000-fold over natural biological systems of similar function appear possible.  For example, the respirocyte is an artificial mechanical red blood cell just 1 micron in diameter having 1/100th the volume of a natural red cell.  Red cells carry oxygen to our tissues and remove carbon dioxide.  Respirocytes do too, but would be made of much stronger diamond-like materials, not floppy lipids and proteins as we find in living cells.  This allows respiratory gases to be safely stored within the respirocyte at tremendous pressures – up to 1000 atmospheres – and to be loaded or unloaded, molecule by molecule, using mechanical pumps on the device’s surface.  This simple nanorobot is regulated by onboard computers, powered by glucose fuel cells, and controlled by a physician who communicates with the device via ultrasound signals beamed into the body from outside.  A therapeutic 5-cc injection of respirocytes, just 1/1000th of total blood volume, duplicates the oxygen-carrying ability of the entire human blood mass.  Such a dose could instantly revive emergency victims of carbon monoxide poisoning at the scene of a fire.

Artificial mechanical white blood cell devices called microbivores are nanorobots that would seek and digest harmful bloodborne pathogens including bacteria, viruses, or fungi.  The pathogens are completely digested into harmless sugars, amino acids and the like, which are the only effluents from this 3-micron nanorobot.  No matter that a bacterium has acquired multiple drug resistance to antibiotics or to any other traditional treatment – the microbivore will eat it anyway.  Microbivores would completely clear even the most severe bloodborne infections in hours or less, then be removed from the body.  This is 1000 times faster than the weeks or months often needed for traditional antibiotic-based cures.

Related medical nanorobots with enhanced tissue mobility could similarly consume tumor cells with unmatched speed and surgical precision, eliminating cancer.  Other devices could be programmed to remove circulatory obstructions in just minutes, quickly rescuing even the most compromised stroke victim from near-certain brain damage.

The most advanced types of nanomedical devices could perform surgery on your individual cells.  In one procedure, a nanorobot called a chromallocyte, controlled by a physician, would extract existing chromosomes from a diseased tissue cell in a living patient, then insert fresh new ones in their place.  This process is called chromosome replacement therapy.  The replacement chromosomes would be manufactured earlier, outside of the patient’s body, by a desktop nanofactory that includes a molecular assembly line, using the patient’s individual genome as the blueprint.  If the patient chooses, inherited defective genes could be replaced with nondefective base-pair sequences, permanently curing any genetic disease and permitting cancerous cells to be reprogrammed to a healthy state.  Each chromallocyte is loaded with a single copy of the digitally-corrected chromosome set.  After injection, each device travels to its target tissue cell, enters the nucleus, replaces old worn-out genes with new chromosome copies, then exits the cell and is removed from the body.

The implications for extension of healthy lifespan are profound.  Perhaps most importantly, chromosome replacement therapy could be used to correct the accumulating genetic damage and mutations that leads to aging in every one of your cells.  With annual checkups and cleanouts, and some occasional major cellular repairs, your biological age could be restored once a year to a more or less constant physiological age that you select.  Nanomedicine thus may permit us first to arrest, and later to reverse, the biological effects of aging and most of the current medical causes of natural death, severing forever the link between calendar time and biological health.

This sounds almost miraculous, but getting there is primarily an engineering and R&D challenge.  Building nanorobots requires the ability to fabricate strong, rigid, nanoscale diamond or diamond-like machine parts that are atomically precise, and then to assemble them into working machinery.  Reminiscent of Alexander Fleming’s early experiments with blue-green mold in 1928, an obscure Japanese research group led by Oscar Custance at Osaka University in Japan reported, in 2003, the first atomically precise bonding and unbonding of a single silicon atom, on a single spot on a silicon surface, using purely mechanical forces.  This was the first laboratory demonstration of a mechanically-forced chemical reaction – called mechanosynthesis – in history.  And mechanosynthesis is the key manufacturing technology that must be developed in order to build medical nanorobots, atom by atom.

Several years ago, Ralph Merkle and I founded the Nanofactory Collaboration to coordinate a combined experimental and theoretical R&D program to design and construct the first working diamondoid nanofactory, which could then build medical nanorobots.  This long-term effort must start by developing the initial technology of positionally controlled mechanosynthesis of diamondoid structures using engineered tooltips and simple molecular feedstock.  Our Collaboration has led to continuing efforts involving direct collaborations among more than two dozen researchers at a dozen organizations in 5 countries – the U.S., U.K., Russia, Australia, and Belgium.  A dozen peer-reviewed papers are published or in progress as of 2008.

Most recently, after working closely for three years with Philip Moriarty, one of the leading scanning probe microscopists in the U.K., in 2008 our international colleague received a five-year $3M grant to undertake direct experiments to build and validate several of our proposed mechanosynthesis tooltips in his laboratory.  We’re also preparing a separate research program proposal of our own to solicit additional funding from various U.S. public or private sources to support further mechanosynthesis-related experimental and theory work on a greatly accelerated schedule.  We expect these efforts will ultimately lead to the design and manufacture of medical nanorobots for life extension, perhaps during the 2020s.

Conclusions

This new medical technology needs to be moved forward as quickly as possible.  Every year we delay, 52 million of our fellow travelers on the river of life fall overboard and are lost forever to the rest of us.  Every decade that we delay, half a billion people perish who could have been saved.  The stupendous loss of knowledge and human capital is unquestionably the greatest catastrophe that humankind has ever faced.  This catastrophe continues tormenting us year after year.  We have a moral obligation to minimize the number of people who die unnecessarily between now and the day that nanorobotic medicine is first introduced for therapeutic purposes.

Let’s not repeat the mistakes of the past.  Let’s not take too long to develop this important new medical technology. I’m sure – though I never had the pleasure of meeting him – that my grandfather Irving Smith would have heartily agreed.
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