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Nanotechnology has changed our lives dramatically and influenced every sector of the 

research, engineering and also business community. Nanotechnology is a rapidly growing 

science of producing and utilizing nano-sized particles, that measure in nanometer. In 

other words, nanotechnology is the art of characterizing, manipulating and organizing 

matter systemically, at the nanometer scale, which has created a revolution in science, 

engineering, technology, drug delivery and therapeutics. The size of typical accessible 

structures is in the sub-micrometer range, being within the limits of optical resolution and 

barely visible with a light microscope. This scale is about 1/1000 smaller than structures 

that could be resolved by the naked eye, but still 1000 times larger than an atom. Recent 

developments are addressing the size range below these dimensions and because a typical 

structure size is in the nanometer range, the methods and techniques are defined as 

nanotechnology. 

There is an argue that nanotechnology in pharmaceutics is simply a new version of 

colloid science, but nanotechnology is clearly not a miniaturized version of the well 

colloidal drug delivery systems, such as microemulsions, emulsions and liposomes. 

Rather, nano-sized systems could be designed into a more sophisticated system 

associated with its physical dimension of less than 100 nm. Nanotechnology, as a novel 

technology, offers opportunities for the production of new generation of sophisticated 

drug delivery systems. There are now a wide range of nano-systems, not only 

nanoparticles and nanocapsules but lipid complexes, polymeric micelles, etc. In this 

regard, professor Florence believes that nanotechnology of course is much more than the 

nanoparticles themselves and it is indeed the growth of technologies based on such small-

scale systems. 

 

Abstract 
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He also mentions that what makes nanotechnology a new and exciting subject is the 

ability not only to manipulate nanoparticles and nanosystems, but also the new 

techniques available to measure and indeed visualize materials in the nanometer size 

range. Particles produced through nanotechnology are small and since the particle size is 

crucial, the maintenance of particle size is therefore of great importance. For instance, 

nano-sized particles possess very high surface to volume ratios and therefore, this 

property causes an interaction between the surface and mucus layer to occur. On the other 

hand, due to the huge surface area, surface properties of particles play an important role 

in protecting the active agents from degradation. 

In recent years, we have been faced with an explosion in the design, development and 

characterization of novel nanofabricated devices for drug delivery. Professor Rytting, in 

his recent editorial in the International Journal of Pharmaceutics, has specified the 

various areas in which nanotechnology is being used, as follows: 

• drug discovery (including combinatorial chemistry and synthesis on the molecular 

and macromolecular scale), 

• nanoanalysis including bioanalysis using miniaturized probes, microarrays and 

lab-on-a-chip approaches, 

• utilizing approaches used by the body in fluid flow and targeting, 

• drug delivery systems having sizes in the nanometer range (e.g. liposomes, 

nanoparticles, micro-emulsions, dendrimers, etc.), 

• implantable devices that can sense blood levels and automatically administer 

drugs, 

• nanoscale biomaterials including biomimetics, 

• biological macromolecules (e.g. proteins, enzymes, DNA and RNA based 

nanostructures, molecular assemblies, biomolecules, cells, biochips, etc.), 

• molecular sensors and biosensors, as well as clinical diagnostic techniques, 

• gene delivery and expression. 
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Aspects of nanotechnology have been utilized by pharmaceutical scientists for many 

years in drug product formulation and delivery, leading to the development of 

nanoparticulate systems and it is conceivable that the tomorrow's nanotechnology 

products will have the same impact on our daily lives, as the invention of other 

technologies 

KEYWORDS:Nanometer, Nanorobot, Nanomolecule 

Introduction  

Drug particles in the nanometer size range have unique characteristics that can lead to 

enhanced performance in a variety of dosage forms. Formulated correctly, particles in 

this size range are resistant to settling and can have higher saturation solubility, rapid 

dissolution, and enhanced adhesion to biological surfaces, thereby providing a rapid onset 

of therapeutic action and improved bioavailability. Scientists use nanotechnology to 

approach classical and novel drug delivery applications. We provide services for 

producing, formulating, and characterizing Nanoparticles for a wide array of applications 

including, but not limited to, oral, pulmonary and parenteral delivery. Controlled and 

targeted delivery is one of the most enviable requirements from a carrier, which involves 

multi-disciplinary site specific or targeted approach. Nanoparticulate drug delivery 

system may offer plenty of advantages over conventional dosage forms, which includes 

improved efficacy, reduced toxicity, enhanced biodistribution and improved patient 

compliance. Pharmaceutical nanoparticles are  subnanosize structure, which contain drug 

or bioactive substances with in them and are constituted of several tens or hundreds of 

atoms or molecules with a variety of sizes (size from 5 nm to 300 nm) and morphologies 

(amorphous, crystalline, spherical, needles, etc). It is necessary to use additives 

(surfactants, dispersants, and metals) to obtain uniform and stable particles. With further 

processing steps, nanostructured powders and dispersions can be used to fabricate 

coatings, and components or devices. These different types of nanoparticles are prepared 

according to prerequisite and straightforwardly reaches to the desired site to deliver 

bioactive therapeutic and diagnostic agents. Although opportunities to develop 

nanotechnologybased efficient drug delivery systems extend into all therapeutic classes 
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of pharmaceuticals, many therapeutic agents have not been successful because of their 

limited ability to reach to the target tissue. In addition, the faster growth opportunities are 

expected in developing delivery systems for anti-cancer agents, hormones and vaccines 

because of safety and efficacy shortcomings in their conventional administration 

modalities. For example, in cancer chemotherapy, cytostatic drugs damage both 

malignant and normal cells alike. Thus, a drug delivery strategy that selectively targets 

the malignant tumor is very much needed. Additional problems include drug instability in 

the biological milieu and premature drug loss through rapid clearance and metabolism.  

Similarly, high protein binding of certain drugs such as protease inhibitors limits their 

diffusion to the brain and other organs. However, nanotechnology for drug delivery 

applications may not be suitable for all drugs,  especially those drugs that are less potent 

because the higher dose of the drug would make the drug delivery system much larger, 

which would be difficult to administer. 

Literature Review  

The emergence of nanotechnology is likely to have a significant impact on drug 

delivery sector, affecting just about every route of administration from oral to 

injectable, according to specialist market research firm NanoMarkets.  

And the payoff for doctors and patients should be lower drug toxicity, reduced cost of 

treatments, improved bioavailability and an extension of the economic life of proprietary 

drugs. 

"This is an impressive list [but] also impressive is the fact that many of the categories of 

nano-enabled drug delivery systems are already close to or at the point of marketing," 

unlike many of the 'futuristic' applications claimed for nanomedicine, he said.  

NanoMarkets expects the dosing benefits of nano-enabled drug delivery systems to be 

extended to compounds used in treating both infectious disease and cancer, and has 

identified six types of drug delivery systems in which nanotechnology is likely to have a 

significant impact.  
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� For injectable drugs, nanotechnology is already generating new dosage forms 

that are easier to administer, more pleasant for the patient receive and confer a 

competitive advantage in the marketplace.  

For example, at the start of this year Johnson & Johnson revealed that Elan's 

NanoCrystal technology would be used in a Phase III clinical trial for an 

injectable formulation of paliperidone palmitate, a drug for schizophrenia, notes 

Moradi. This is a new 'nano formulation' of an older drug which overcomes the 

original's insolubility, by reducing the particle size to under 200 nm.  

� Nanotechnology is also opening up new opportunities in implantable delivery 

systems, which are often preferable to the use of injectable drugs, because the 

latter frequently display first-order kinetics (the blood concentration goes up 

rapidly, but drops exponentially over time). This rapid rise may cause difficulties 

with toxicity, and drug efficacy can diminish as the drug concentration falls below 

the targeted range.  

� In contrast, implantable time release systems may help minimize peak plasma 

levels and reduce the risk of adverse reactions, allow for more predictable and 

extended duration of action, reduce the frequency of re-dosing and improve 

patient acceptance and compliance.  

� Nanotechnology adds to these the benefits, says Moradi. Citing pSivida's 

BioSilicon product, he notes that this nanostructured material effectively stores an 

active compound in nanosised pockets that release minute amounts of drug as the 

silicon dissolves. pSivida is currently exploring biodegradable implantable 

methods for tissue engineering and ophthalmic delivery.  

� Nano-implants will also be used in the not-too-distant future for treating cancer. 

Among the first nanoscale devices to show promise in anti-cancer therapeutics 

and drug delivery are structures called nanoshells, which NanoMarkets believes 

may afford a degree of control never before seen in implantable drug delivery 

products.  
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Methods 

Nanoshells typically have a silicon core that is sealed in an outer metallic core. By 

manipulating the ratio of wall to core, the shells can be precisely tuned to scatter or 

absorb very specific wavelengths of light. For example, gold encased nanoshells have 

been used to convert light into heat, enabling the destruction of tumours by selective 

binding to malignant cells. A physician can use infrared rays to pass harmlessly through 

soft tissue, while initiating a lethal application of heat when the nanoshells are excited.  

Some researchers are also experimenting with temperature-sensitive drug delivery control 

methods, using nanoshells that release their payload only when illuminated with the 

proper infrared wavelength.  

Despite these advances, the vast majority of consumers prefer an oral drug delivery 

system to implantables or injectables. With this in mind, various development groups are 

working to enhance traditional oral delivery systems with nanoengineered improvements.  

"There are some areas where nano-enhanced drugs could make a big difference in 

increasing oral bioavailability and reducing undesirable side effects. By increasing 

bioavailability, nanoparticles can increase the yield in drug development and more 

importantly may help treat previously untreatable conditions," notes Moradi.  

Because of the blood brain barrier (BBB) many new chemical entities aimed at treating 

brain disorders have proved not to be clinically useful. Nanoparticles have been 

demonstrated to cross the BBB with little difficulty and companies such as Germany's 

NanoPharm have developed systems capable of reaching the brain for anaesthesia 

(Dalargin; an analgesic), cancer drugs, and various other therapeutics.  

The company claims several advantages over existing systems, including no requirement 

to open the BBB, the ability to deliver potentially any drug, whether hydrophilic or 

hydrophobic, and no need to modify the drug itself, which may affect its activity.  

Meanwhile, researchers at the University of Texas at Austin have described a means of 

using nanospheres for oral drug delivery. These nanosphere carriers are derived from 
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hydrogels, which are highly stable organic compounds that swell when their environment 

becomes more acidic. They have been successfully formulated into controlled-release 

tablets and capsules, which release active compounds when the hydrogel body swells.  

NanoMarkets also suggests that nanomaterials provide a unique opportunity for rapid 

topical delivery of active compounds. Given their very small size, nanoparticles are able 

to enter human tissues and cells quickly, and companies such as Novavax have already 

developed regulated topical systems that take advantage of the unique properties of 

micellar nanoparticles.  

Novavax has is developing two hormone replacement therapies, called Estrasorb (which 

received FDA approval in October 2003) and Androsorb which successfully completed 

Phase I human trials in 2003.  

Meanwhile, the number of FDA-approved polymers available for use on skinis increasing 

rapidly, according to Moradi, so the industry has been presented with opportunities to 

create new transdermal platform designs with improved 'on-skin' properties and 

diffusion of active molecules compared to current patches.  

This interesting trend is expected to result in smaller and less invasive patches that 

increase the universe of available drug candidates," according to Moradi. In some cases, 

he adds, electronics are even being integrated into patch-like platforms involving wound 

care, monitoring, and diagnostic methods.  

Finally, nanotechnology is finding new applications in the area of toxin removal. 

Colloidal dispersions have been demonstrated to remove potentially lethal compounds 

from the bloodstream, including high concentrations of lipophilic therapeutics, illegal 

drugs, and chemical and biological agents.  

A team of scientists at the University of Florida and Clarkson University in Potsdam, 

New York, has demonstrated favourable results to this end, using biocompatible 

microemulsions. These oil-in-water systems have a rapid and efficient absorption 

capacity for many target molecules that are frequently overdosed, whether this be 
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intentional or accidental. The microemulsions use a polymeric surfactant, in combination 

with an ionic co-surfactant.  

NanoMarkets believes that not only will the nano-enabled drug delivery market be one of 

the first true nanomedicine markets to evolve, but as it does so, the revenues from 

nanoenabled drug delivery systems will be quite large.  

Discussion  

As of August 21, 2008, the Project on Emerging Nanotechnologies estimates that over 

800 manufacturer-identified nanotech products are publicly available, with new ones 

hitting the market at a pace of 3–4 per week. The project lists all of the products in a 

publicly accessible online inventory. Most applications are limited to the use of "first 

generation" passive nanomaterials which includes titanium dioxide in sunscreen, 

cosmetics and some food products; Carbon allotropes used to produce gecko tape; silver 

in food packaging, clothing, disinfectants and household appliances; zinc oxide in 

sunscreens and cosmetics, surface coatings, paints and outdoor furniture varnishes; and 

cerium oxide as a fuel catalyst. 

The National Science Foundation (a major distributor for nanotechnology research in the 

United States) funded researcher David Berube to study the field of nanotechnology. His 

findings are published in the monograph Nano-Hype: The Truth Behind the 

Nanotechnology Buzz. This study concludes that much of what is sold as 

“nanotechnology” is in fact a recasting of straightforward materials science, which is 

leading to a “nanotech industry built solely on selling nanotubes, nanowires, and the like” 

which will “end up with a few suppliers selling low margin products in huge volumes." 

Further applications which require actual manipulation or arrangement of nanoscale 

components await further research. Though technologies branded with the term 'nano' are 

sometimes little related to and fall far short of the most ambitious and transformative 

technological goals of the sort in molecular manufacturing proposals, the term still 

connotes such ideas. According to Berube, there may be a danger that a "nano bubble" 

will form, or is forming already, from the use of the term by scientists and entrepreneurs 
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to garner funding, regardless of interest in the transformative possibilities of more 

ambitious and far-sighted work. 

Nano-membranes have been produced that are portable and easily-cleaned systems that 

purify, detoxify and desalinate water meaning that third-world countries could get clean 

water, solving many water related health issues. 

Because of the far-ranging claims that have been made about potential applications of 

nanotechnology, a number of serious concerns have been raised about what effects these 

will have on our society if realized, and what action if any is appropriate to mitigate these 

risks. 

There are possible dangers that arise with the development of nanotechnology. The 

Center for Responsible Nanotechnology suggests that new developments could result, 

among other things, in untraceable weapons of mass destruction, networked cameras for 

use by the government, and weapons developments fast enough to destabilize arms races 

("Nanotechnology Basics"). 

One area of concern is the effect that industrial-scale manufacturing and use of 

nanomaterials would have on human health and the environment, as suggested by 

nanotoxicology research. Groups such as the Center for Responsible Nanotechnology 

have advocated that nanotechnology should be specially regulated by governments for 

these reasons. Others counter that overregulation would stifle scientific research and the 

development of innovations which could greatly benefit mankind. 

Other experts, including director of the Woodrow Wilson Center's Project on Emerging 

Nanotechnologies David Rejeski, have testified that successful commercialization 

depends on adequate oversight, risk research strategy, and public engagement. Berkeley, 

California is currently the only city in the United States to regulate nanotechnology; 

Cambridge, Massachusetts in 2008 considered enacting a similar law, but ultimately 

rejected this.  
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Calls for tighter regulation of nanotechnology have occurred alongside a growing debate 

related to the human health and safety risks associated with nanotechnology. 

Furthermore, there is significant debate about who is responsible for the regulation of 

nanotechnology. While some non-nanotechnology specific regulatory agencies currently 

cover some products and processes (to varying degrees) – by “bolting on” 

nanotechnology to existing regulations – there are clear gaps in these regimes. In 

"Nanotechnology Oversight: An Agenda for the Next Administration," former EPA 

deputy administrator J. Clarence (Terry) Davies lays out a clear regulatory roadmap for 

the next presidential administration and describes the immediate and longer term steps 

necessary to deal with the current shortcomings of nanotechnology oversight. 

Stakeholders concerned by the lack of a regulatory framework to assess and control risks 

associated with the release of nanoparticles and nanotubes have drawn parallels with 

bovine spongiform encephalopathy (‘mad cow’s disease), thalidomide, genetically 

modified food, nuclear energy, reproductive technologies, biotechnology, and asbestosis. 

Dr. Andrew Maynard, chief science advisor to the Woodrow Wilson Center’s Project on 

Emerging Nanotechnologies, concludes (among others) that there is insufficient funding 

for human health and safety research, and as a result there is currently limited 

understanding of the human health and safety risks associated with nanotechnology. As a 

result, some academics have called for stricter application of the precautionary principle, 

with delayed marketing approval, enhanced labelling and additional safety data 

development requirements in relation to certain forms of nanotechnology. 

The Royal Society report identified a risk of nanoparticles or nanotubes being released 

during disposal, destruction and recycling, and recommended that “manufacturers of 

products that fall under extended producer responsibility regimes such as end-of-life 

regulations publish procedures outlining how these materials will be managed to 

minimize possible human and environmental exposure” (p.xiii). Reflecting the challenges 

for ensuring responsible life cycle regulation, the Institute for Food and Agricultural 

Standards has proposed standards for nanotechnology research and development should 

be integrated across consumer, worker and environmental standards. They also propose 
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that NGOs and other citizen groups play a meaningful role in the development of these 

standards. 

In October 2008, the Department of Toxic Substances Control (DTSC), within the 

California Environmental Protection Agency, announced its intent to request information 

regarding analytical test methods, fate and transport in the environment, and other 

relevant information from manufacturers of carbon nanotubes. The purpose of this 

information request will be to identify information gaps and to develop information about 

carbon nanotubes, an important emerging nanomaterial. 

The biological and medical research communities have exploited the unique properties of 

nanomaterials for various applications (e.g., contrast agents for cell imaging and 

therapeutics for treating cancer). Terms such as biomedical nanotechnology, 

bionanotechnology, and nanomedicine are used to describe this hybrid field. 

Functionalities can be added to nanomaterials by interfacing them with biological 

molecules or structures. The size of nanomaterials is similar to that of most biological 

molecules and structures; therefore, nanomaterials can be useful for both in vivo and in 

vitro biomedical research and applications. Thus far, the integration of nanomaterials 

with biology has led to the development of diagnostic devices, contrast agents, analytical 

tools, physical therapy applications, and drug delivery vehicles. 

Nanotechnology-on-a-chip is one more dimension of lab-on-a-chip technology.Magnetic 

nanoparticles, bound to a suitable antibody, are used to label specific molecules, 

structures or microorganisms. Gold nanoparticles tagged with short segments of DNA 

can be used for detection of genetic sequence in a sample. Multicolor optical coding for 

biological assays has been achieved by embedding different-sized quantum dots into 

polymeric microbeads. Nanopore technology for analysis of nucleic acids converts 

strings of nucleotides directly into electronic signatures. 

Result 
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The overall drug consumption and side-effects can be lowered significantly by depositing 

the active agent in the morbid region only and in no higher dose than needed. This highly 

selective approach reduces costs and human suffering. An example can be found in 

dendrimers and nanoporous materials. They could hold small drug molecules transporting 

them to the desired location. Another vision is based on small electromechanical systems; 

NEMS are being investigated for the active release of drugs. Some potentially important 

applications include cancer treatment with iron nanoparticles or gold shells. A targeted or 

personalized medicine reduces the drug consumption and treatment expenses resulting in 

an overall societal benefit by reducing the costs to the public health system. 

Nanotechnology is also opening up new opportunities in implantable delivery systems, 

which are often preferable to the use of injectable drugs, because the latter frequently 

display first-order kinetics (the blood concentration goes up rapidly, but drops 

exponentially over time). This rapid rise may cause difficulties with toxicity, and drug 

efficacy can diminish as the drug concentration falls below the targeted range. 

1. How is the term “Doctor’s patient” defined? If a doctor has seen a patient once, and the 

patient comes again after few weeks for a different complaint, can a doctor refuse his 

services to him?  

2. If the request for home visit is for a different complaint, unrelated to the complaint of 

original visit, can the home visit be refused? 

3. How can anybody qualify “an emergency”based on vague facts given by the patients 

attendents over the phone? Most of the times, the parents perceive any minor problems as 

an emergency and pester the doctor to hurry up. In such cases, how is the emergency be 

defined? Is it right to define the emergency on retrospect, when vague history is given to 

the doctor over the phone? 

4. Is it legally correct to print “house calls regretted” on the prescription, even though that 

is the policy of the doctor? 

Doctors are often approached by patients, their relatives or legal advisers for an expert 

opinion on complaints of medical negligence or medical malpractice. 
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This situation has become more frequent of late since the consumer courts usually insist 

that the complainant brings a medical expert’s opinion to support the case or else face 

dismissal of the complaint (1). This is ostensibly done to reduce the number of frivolous 

complaints (2) which would otherwise drown an already overburdened and under- 

equipped consumer court machinery. However, this puts the complainant in a difficult 

situation. Doctors are generally reluctant to give adverse comments against other doctors. 

The main reason for this reluctance is that the medical community is quite closeknit and 

inter- connected. Thus, especially amongst private practitioners, very few are willing to 

stick their necks out at the cost of antagonising any of their fellow professionals. 

Doctors in public sector institutions, one would expect, would be more forthcoming in 

giving their opinions in such cases. But even amongst public sector doctors, there are 

very few who are willing to come into the open. While most are not averse to going 

through the available facts of the case and expressing their opinions orally, very few are 

willing to identify themselves and certify on paper . This is due to several factors. The 

rules governing public service doctors state that they have to take the permission of their 

employers before making any affidavit. The employers may be willing to grant 

permission if such an opinion is requested by the court. The court, however, insists on a 

medical expert’s opinion before even admitting the case in court! Thus the complainant is 

caught in a Catch- 22 situation. No private practitioner is willing to give an opinion in 

writing, and the public sector doctor wants the court’s request before he gives an opinion! 

(3) 

We have discussed this problem with several legal minds and learn that a public sector 

doctor does not need to take permission from his employer for giving an opinion or even 

making an affidavit as long as the case does not pertain to public sector hospitals and as 

long as he provides his services free of charge. 

There are other factors too which restrain public sector doctors from giving written 

opinions. They, themselves, may be contemplating starting private practice and would not 

like to lose any goodwill within the profession. Their spouses or close relatives may be in 
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private practice. They may be directly or indirectly acquainted with the doctor against 

whom the complaint is made. Moreover, now that public hospitals are also covered under 

the Consumer Protection Act, they are exposed to medico- legal trouble themselves, 

especially when you take the inadequate infrastructure available to them for catering to 

their huge patient load. 

In this mess, what is the aggrieved patient or his relatives to do? As such cases - where 

the complainant comes up against a blank wall in seeking medical opinions - keep 

increasing, so will the frustration and disgust of the public. They may lose faith in the 

ability of the legal system to provide justice in medico- legal cases. 

One alternative is for the consumer court to appoint a panel of doctors from the various 

specialities. The case records could be sent to the relevant panelist for an unbiased 

opinion. Another alternative is for voluntary organisations to set up such panels. The case 

reports can be sent to the relevant panelist but the medical opinion is given under the 

imprimateur of the organisation. The advantage of this system is the elimination of the 

sense of isolation for the doctor who is giving the opinion. Yet another option for the 

court to conceal the identity of the medical expert who gives the written opinion. This 

will surely make it easier for doctors willing to give their opinions without being 

pressurised. 

Conclusion 

Nanotechnology, shortened to "nanotech", is the study of the controlling of matter on an 

atomic and molecular scale. Generally nanotechnology deals with structures of the size 

100 nanometers or smaller in at least one dimension, and involves developing materials 

or devices within that size. Nanotechnology is very diverse, ranging from extensions of 

conventional device physics to completely new approaches based upon molecular self-

assembly, from developing new materials with dimensions on the nanoscale to 

investigating whether we can directly control matter on the atomic scale. 
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There has been much debate on the future implications of nanotechnology. 

Nanotechnology has the potential to create many new materials and devices with a vast 

range of applications, such as in medicine, electronics and energy production. On the 

other hand, nanotechnology raises many of the same issues as with any introduction of 

new technology, including concerns about the toxicity and environmental impact of 

nanomaterials, and their potential effects on global economics, as well as speculation 

about various doomsday scenarios. These concerns have led to a debate among advocacy 

groups and governments on whether special regulation of nanotechnology is wanted. 
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