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ABSTRACT

Imagine there’s no need to go to the doctor, not even to the pharmaceutical shop. No more health problems now, not even an opportunistic cold. This dream will soon come true because of a wizard by the new technology called nanotechnology & the miracle is NANOROBOT.

This paper depicts on case study of NANOROBOTS IN HUMAN BODY which comes from NANOBIOTECHNOLOGY, the science which deals with production of ‘new’ materials and devices from precise placement used in biology. 

The Nanorobots hold promise for a strong presence in medicine to come. Nanorobots lie in the heart of many proposed solutions of nanomedicine, which includes serving as antibodies in weak immune systems, curing diseases, unresponsive to conventional methods, repairing damaged tissue, unblocking arteries affected by plaque, construction of replacement body organs and more.

It proves essential when damage to the human body is highly selective, subtle or time critical. Their characteristics provide faster medical treatment, versatility, reliability, sensitive response threshold, minimum side effects, non-toxic and verification of progress and precision.

Nanorobots will patrol in body through blood vessels killing the pathogens & remove or repair the damaged cells thereby improving your immunity and life expectancy too. 

I. INTRODUCTION
A. What is NANOTECHNOLOGY?

The Nanotechnology is the science which deals with the production of ‘new’ materials and devices from the precise placement. It causes direct manipulation of atoms or molecules and the development of products or substances that take advantage of and use the novel properties of materials less than few nm in size. The nanotechnology working in the field of biotechnology is termed as Nano-Biotechnology. 

B. Where it can be used?

Scientists are more interested to make use of nanotechnology in the field of medicine. This may be because, the basic unit of life i.e. DNA and other proteins are also of nanosize. One of the most challenging things on this line for researchers is to develop a nano object which will enter the body, patrol through the body, kill the pathogens, remove or repair the damaged cells and keep internal environment as required. This object is nothing but “Nanorobot”. 
Other fields of interest for nanotechnology is –

o Biochips

o Biofluidic devices

o Nanomachines

o Intelligent drug delivery system

o other nano bio devices & many more……………………..
II. NANOROBOTS IN HUMAN BODY
A. Background & Introduction

Def: NANOROBOTICS is concerned with: 
I. Design and fabrication of Nanorobots with overall dimensions of nanoscopic components. 
II. Programming and coordination of large numbers of such Nanorobots. 
III. Programmable assembly of nanometerscale components either by manipulation with macro or micro devices, or by self-assembly on programmed templates or scaffolds.
Medical technology will be the first application to reap the benefits of Nanorobot

applications.

Nanorobots lie in the heart of many proposed solutions of nanomedicine, of which application include serving as antibodies in weak immune systems, curing diseases, unresponsive to conventional methods, repairing damaged tissue, unblocking arteries affected by plaque, construction of replacement body organs and more. Just imagine that Nanorobots are patrolling in your system through blood vessel and kill the pathogens and remove or repair the damaged cells (shown in figure) thereby improving your immunity and life expectancy too. This will not be the dream only after five to ten years.
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Fig1. Nanorobot patrolling in bloodstream
B. Designing a Nanorobot
It consists of following parts:

1. Sensor- In figures the chemical & electrical biosensors are shown. They will detect the

condition of cell & surrounding environment by chemical or electrical means. The binding of a specific chemical species recognized by the protein causes motion about a “hinge,” which results in a change of distance between an electrically- active component and an electrode and, therefore, can be detected electrically. The chemical sensors will work efficiently in body. These will detect the pathogen by chemical stimuli.
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                                  Fig2. Sensor   
[image: image3]
2. Actuators/Biomotors: This is the important part of body is considered. This is highly complicated too because, inside body only power is available in the form of ATP which is bio-fuel. To run non-biological motor require external power supply which will increase size of Nanorobot along with creating several other problems. Bio-motors tend to be on the range of 10 s of nanometers, and are typically larger than the synthetic molecular machines which have overall sizes of only a few nanometers. Bio-motors are manufactured artificially in laboratories using DNA.
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                                    Fig 3: Actuator \ biomotor.

3. Control: It is the heart of the nanorobot. Controllers for macroscopic robots are typically full-fledged computers. It is unlikely that the Nanorobots of the near future will be able to carry inside of them the equivalent of a PC. Every function of the nanorobot will be controlled by the control mechanism which consists of Lab-On-Chip. Right from the movement of nanorobot up to its communication & functions, everything will be controlled by the control assembly. 
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                                        Fig 4:Control System 

4. Communication: While running through the system, the communication between different Nanorobots is essential for the purpose of proper coordination between them. A Nanorobot must inform other all Nanorobots about its current position and status and also the condition of surrounding environment. The use of modulated waves of several frequencies (RF) will serve the purpose. It will require transmitter and receiver antenna, which will also help in communicating with Nanorobot externally and thus controlling it

whenever required which will also reduce probability of “grey goo”.
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Fig 5: Communication
C. Lab-on-chip :
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                                             Fig6. Lab-on-chip
This concept reveals that how Nanorobot will act as both doctor and pharmaceutical shop. Scientists are trying to develop Nanorobot with a programmed chip that will contain information about disease and prescription for that disease to cure it. By means of sensor and control assembly Nanorobot chip will be let known which disease is affecting the body. The chip then on the basis of information stored in it manufacture medicine

there itself and send out where required. The three medicines have already been manufactured successfully on this line.
D. Determining the Characteristics and Properties of Nanorobots while Designing
The Nanorobots when designed for the purpose of patrolling through body must be safe enough to inject in the blood stream. Thus while design a Nanorobot for this purpose following points need to be considered-
1. Non-Toxic- It must not be poisonous to the body nor should it create poisonous substances in system. The probable solution to this problem is to use maximum components of biological origin which will suit the person’s internal homeostasis and to avoid release of some harmful chemical as sensors. Even though we use non-biological components it should be ensured that the metallic or non metallic component present in that component doesn’t react chemically with any substrate in body to form harmful product. Dacron & Teflon are the materials found to be tolerated by blood.

2. Immune system and Nanorobot interaction
Human immune system attacks the “non-self” cell in the body. Thus as Nanorobots enter in the body they will be attacked by immune system. In order to avoid this immunity should be suppressed which will cause adverse effect to body in future. One way to avoid attack of immunity on the Nanorobots is to make Nanorobot from non-self to self/friendly cell. But it is possible only when genetic make up matches with that of host cell. The only solution is thus to attach chemical component to surface of Nanorobot which will avoid contact of immunity cells with Nanorobot making Nanorobot invisible for immune system called ’repellent’. For example, Streptococcal streptolysin O is a chemotactic repellent which avoid the contact of phagocytes. There have many such chemotactic repellents been discovered by studying the behavior of bacteria.
3. Replication of Nanorobot/ “grey goo” problem –

The idea of “grey-goo” was first proposed by “Eric Drexler” in his book “Engines of Creation: The Coming Era of Nanotechnology”. He predicted that in future Nanorobot will start self replicating in uncontrolled manner and demolish everything in their path. At first site this seems to be true because Nanorobot uses some biological components including DNA, and in future may start replicating in uncontrolled manner. As stated earlier due to communication of Nanorobot with each other and with outside agency we can check every time whether it is working in desired manner or not. If not then it would be programmed in such a way that it will start sending some signals of “help” or “warning” to other Nanorobots and to outside agency too. This will make other Nanorobot alert and they will either repair it or destroy it and throw it outside the body. However scientist believe that controlled replication is required for Nanorobot for enhancing the functioning.

4. Other important considerations

Size: In order for a blood-operating Nanorobot to be able to flow freely throughout the human body, the Nanorobot must be smaller than 8-micrometers in width (1x10-6 m) in order to fit through the smallest capillaries of the lungs. The Nanorobots shown above manufactured using bio-molecules are of size 500nm.
Function specification: The function of the Nanorobot must be considered when it is

designed. In the case of a mechanical Nanorobot red blood cell, in order to assume the role of a biological red blood cell, the Nanorobot must be able to function completely and flawlessly as a red blood cell.
Acceptable quantity: A Nanorobot is of size 300-500nm an injection of dose of 3cm3 would be acceptable in blood stream.
Elimination through body: As soon as function is over they should be eliminated from the body. The simplest way is to remove them through feceal matter due to smaller size. They can also be removed through urine discharge, but not before end of their function.
III. DIFFERENT MODELS OF NANOROBOTS

Just like to be hormones, Nanorobots are highly target oriented. While designing a Nanorobot first of all its area of function in body is considered. Thus according to the area of interest different models of Nanorobots are proposed to be manufactured. The concept of the “swarm nanorobot” is getting popular. This swarm will consist of one master nanorobot which will command the other nanorobots. While among the other nanorobot some will be Vasculoid, some Microbivores, some respirocytes & many

more depending upon the functional requirement. Some of these models are-
Microbivores: It is an oblate, spheroidal, nanomedical device with size 3.4 micron in

diameter nano enter the body, destroy pathogens, and exit the body intact. They are 80 times more efficient as phagocytic agents than the macrophages.
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                                                  Fig7. Microbivores
Vasculoid: a single, complex, multi segmented nano technological medical robotic system capable of duplicating all essential thermal and biochemical transport functions of the blood, including circulation of respiratory gases, glucose, hormones, cytokines, waste products, and cellular components.
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                                                  Fig8. Vasculoid
The Respirocyte: a blood-borne mechanical artificial red blood cell, the eighteen-billion atom diamond structure is able to hold an additional nine billion atoms of oxygen, carbon-dioxide, fuel, or water. The respirocyte contains an array of oxygen and carbon dioxide gas sensors, three stage molecular sorting rotor assemblies (pumps), an onboard nano computer, four glucose engines, and a one thousand-atmosphere pressure gas holding area, able to store and transport 236-times more oxygen, and can be used to replace the need for biological transfusable blood substitution.
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Nanogenerator: target cancer cells and destroy them. The product is comprised of a molecular cage that uses a chemical ring to grab and hold a single radioactive atom, actinium-255. The cage is attached to an antibody that targets cancer cells. When a cancer cell is reached, the radioactive atom is inserted into the cell. Once inside the cancer cell, the actinium-255 atom breaks down, high energy alpha particles are released, and cell is destroyed.
Fig 10:

Nano Generator.

IV. ADVANTAGES

1. Build up artificial immunity.

2. Ensures proper treatment of disease.

3. Ensures removal & repair of damaged cells (blood less surgery).

4. Do not cause any harm with their use.

DISADVANTAGES

1. Self replication of nanorobots & Nanorobots going intelligent, these two fears are still in the minds of scientists.

2. With lots of research a nanorobot is still is in laboratory (it is expected to get launched

within next 5 years)

V. AN EYE TO FUTURE

As Nanorobotics is a young field born through Biotechnology, present literature is relatively sparse and leaves much room for expansion of information. Specifically, the design of Nanorobots needs more attention. Once the field advances enough to create a successful combination of biological characteristics and macro robotic operations, Nanorobots can start being produced on large scale and being used everywhere. The big goal is to provide solutions previously unavailable for healing, monitoring and regeneration of the body. 
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The Nanorobots hold promise for a strong presence in medicine to come. It proves essential when damage to the human body is highly selective, subtle or time critical. Their characteristics provide faster medical treatment, versatility, superior building materials, reliability, sensitive response threshold, minimum side effects, and verification of progress and precision. Many scientists are in opposition to the use and prosperity of Nanorobots. They think that Nanorobots in future will surpass humans. Dystopian vision “a wretched, hard-scrabble existence under cruel oppression” is also supported by some people. This technology will lead to “an accumulation of great power and, concomitantly, great danger”, with the knowledge behind the technologies available for abuse, specifically by “individuals or small groups”. Nanorobot will become intelligent, demolish every thing in their way, and we can’t control them. So and so, there are some people to place this opinion. Since many objections to the feasibility of nanotechnology have still been resolved, 
Nanorobots have a bright future.

Imagine……………………….

o You will have no need to go to the doctor, not even to the pharmaceutical shop.

o You will face no health problem not even an opportunistic cold.

This all will soon be possible through nanotechnology.
VI. CONCLUSION

With increasing development in technology, living beings are more threatened to variety of diseases. The traditional field of medicine is making every effort to eliminate the diseases along with it’s cause and make living being disease free but it seems to be quite difficult for this field alone. The field of biotechnology on the other hand though is recent showing the best results of experiments being conducted. The Nanorobots, in its infancy, are promising that future living being will be disease free with strong artificial immunity in them.

The Nanorobots hold promise for a strong presence in medicine to come. It proves essential when damage to the human body is highly selective, subtle or time critical. Their characteristics provide faster medical treatment, versatility, superior building materials, reliability, sensitive response threshold, minimum side effects, and verification of progress and precision. The Nanorobot will be the boon to human life in future but only if used for the good purpose. Otherwise, it will be threat to not only human but to whole life on earth. 

The Nanotechnology if used along with the field of medicine (i.e. Nanorobot) then it will definitely give best result out of it which ensures prosperity of life.
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