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1What’s in a name? is a mystery short story by Isaac Asimov that appeared in the June 
1956 issue of The Saint Detective Magazine under the title Death of a Honey-Blonde. 
Also see, Shakespeare’s Romeo and Juliet (Act 2, Scene 2): “What’s in a name? That 
which we call a rose by any other name would smell as sweet.”
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6.1 Introduction 

“Small is beautiful.”
—Leopold Kohr, Economist (1909–1994)

The air is thick with news of nano-breakthroughs. Although 
“nano” is a hot topic for discussion in industry, pharma, patent offices 
and regulatory agencies, the average citizen knows very little about 
what constitutes a nanoproduct, a nanomaterial or a nanodrug. 
Still, there is no shortage of excitement and hype when it comes 
to anything “nano.” Optimists see nanotechnology as an enabling 
technology, a sort of next industrial revolution that could enhance 
the wealth and health of nations. They promise that at least 
within the medical sector of nano, nanodrugs will be a healthcare 
game-changer by offering patients access to personalized medicine. 
Pessimists, on the other hand, take a cautionary position, preaching 
instead a “go-slow” approach, pointing to a lack of sufficient 
scientific information on health risks and general failure on 
the part of regulatory agencies and patent offices. Whatever your 
stance, nanotechnology has already permeated virtually every 
sector of the global economy, with potential applications 
consistently inching their way into the marketplace.2 But, is 
2The late Nobelist Dr. Richard E. Smalley, a champion of nanotechnology, made a bullish 

predication to the US Congress in 1999: “The impact of nanotechnology on the health, 
wealth, and lives of people will be at least the equivalent of the combined influences 
of microelectronics, medical imaging, computer-aided engineering and manmade 
polymers.” See: Kumar, C. S. S. R., Hormes, J., Leuschner, C. (2005). Nanofabrication 
Towards Biomedical Applications: Techniques, Tools, Applications, and Impact, Wiley, 
page 376.

 President Bill Clinton in 2000 declared: “Imagine the possibilities: materials with 
ten times the strength of steel and only a small fraction of the weight—shrinking all 
the information housed at the Library of Congress into a device the size of a sugar 
cube—detecting cancerous tumors when they are only a few cells in size. Some of our 
research goals may take 20 or more years to achieve, but that is precisely why there 
is an important role for the federal government.” White House Report (2000). 
National Nanotechnology Initiative: Leading to the Next Industrial Revolution.

 A US Undersecretary of Commerce in 2003 made a grand predication that appears 
more hype in hindsight: “On a human level, nano’s potential rises to near Biblical 
proportions. It is not inconceivable that these technologies could eventually achieve 
the truly miraculous: enabling the blind to see, the lame to walk, and the deaf to 
hear; curing AIDS, cancer, diabetes and other afflictions; ending hunger; and even 
supplementing the power of our minds, enabling us to think great thoughts, create 
new knowledge, and gain new insights.” Philip J. Bond’s remarks at the World Nano-
Economic Congress, Washington, DC on Sept. 9, 2003, quoted in the Center for 
Responsible Nanotechnology, Hype Part I, Responsible Nanotechnology. Available 
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nano the driving force behind a new industrial revolution in the 
making or simply a repacking of old scientific ideas? For most 
stakeholders, dissecting hope from hype is difficult.

In reality, nanotechnology is the natural continuation of the 
miniaturization of materials and medical products that have 
been steadily arriving in the marketplace. It continues to evolve 
and play a pivotal role in various industry segments, spurring 
new directions in research, patents, commercialization and 
technology transfer. Too often though, start-ups, academia and 
companies exaggerate basic research developments as potentially 
revolutionary advances and claim these early-stage discoveries 
as confirmation of downstream novel products and applications 
to come. Nanotechnology’s potential benefits are frequently 
overstated or inferred to be very close to application when clear 
bottlenecks to commercial translation exist. Many have desperately 
tagged or thrown around the “nano” prefix to suit their purpose, 
whether it is for federal research funding, patent approval of the 
supposedly novel technologies, raising venture capital funds, 
running for office or seeking publication of a journal article.3 All 

at: http://crnano.typepad.com/crnblog/2005/06/bond_sept_9_200.html (accessed 
on September 20, 2015).

3Some business leaders and scientists view nanotechnology and nanomedicine as the 
next industrial revolution, but widespread business and public support is still lacking. 
Although the increased media attention and hype has generally led to confusion, 
caution and even suspicion, there is also ample awareness, interest and even 
excitement. The popular press, government and ill-informed politicians have fueled 
this interest. For example, contributing to this are references to nanotechnology in 
popular culture, with mentions in movies (The Hulk, The Tuxedo), books (Michael 
Crichton’s Prey, Neal Stephenson’s The Diamond Age, Greg Bear’s Slant, William 
Gibson’s Idoru, Robin Cook’s Nano), video games (Metal Gear Solid series), and on 
TV (most notably, in various incarnations of Star Trek). Even Prince Charles has 
weighed in on the topic. See: Favi, P. M., Webster, T. J. (2016). Is nanotechnology 
toxic? Was Prince Charles correct? In: Bawa, R., et al., eds. Handbook of 
Clinical Nanomedicine: Law, Business, Regulation, Safety, and Risk, Chapter 
46, Pan Stanford Publishing, Singapore. Also see: Sherriff, L. (2004). 
Prince Charles gives forth on nanotech. The Register (July 12, 2004). Available at: 
www.theregister.co.uk/2004/07/12/nano_prince/ (accessed on May 21, 2015). 
In part, because of this prevalent misinformation and hype, it is critical to educate 
all key players (the public, entrepreneurs, lawyers, policy makers, investors, the 
venture community, scientists, educators, etc.) involved in nano regarding its 
potential impacts, benefits, safety issues and challenges. In a world of increasing 
scientific misconduct, it is imperative that the integrity and authoritativeness 
of information provided in any text, news story or journal article on 
nanotechnology can be guaranteed. Clearly, accuracy of information that is 
disseminated as well as the transparency of the disseminating entity (industry, 
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of this is happening while thousands of over-the-counter products 
containing silver nanoparticles, nanoscale titanium dioxide and 
carbon nanoparticles continue to stream into the marketplace 
without adequate safety testing, labeling or regulatory review. 
Silver nanoparticles are effective antimicrobial agents but their 
potential toxicity remains a major concern. Similarity, nanoscale 
titanium dioxide, present in powdered Dunkin doughnuts and 
Hostess Donettes, has been classified as a potential carcinogen by 
NIOSH while the World Health Organization (WHO) has linked it 
in powder form to cancers.

While the widespread use of nanomaterials and nanoparticles 
in consumer products over the years has become pervasive and 
exposure inescapable, the 1980s and 1990s saw limited applications 
of these rather than the transformative applications envisioned. 
Even so, governments across the globe, impressed by “nano-
potential,” continued to stake their claims by doling out billions for 
research and development (R&D).4 Universities have jumped into 

academia, government, news outlets) will be crucial to the future course of 
nanomedicine and nanotechnology (success, failure or partial acceptance).

4Nano-developments are often driven by what some of us refer to as “nanopotential.” 
This is obviously true more for certain sectors of nanotech than others. In 
this regard, one of the most widely cited predictions was in 2001. A National 
Science Foundation (NSF) report that forecasted the creation of a trillion 
dollar industry for nanotech by 2015. This report, now proven false, was often 
quoted in articles, business plans, conference presentations and grant applications. 
National Science Foundation (2001). Societal Implications of Nanoscience and 
Nanotechnology. Available at: http://www.wtec.org/loyola/nano/NSET.Societal.
Implications/nanosi.pdf (accessed on April 10, 2015). Given such flawed 
projections, Michael Berger of Nanowerk accurately pointed out: “These trillion-
dollar forecasts for an artificially constructed “market” are an irritating, sensationalist 
and unfortunate way of saying that sooner or later nanotechnologies will have a 
deeply transformative impact on more or less all aspects of our lives.” See: Nanowerk 
Spotlight. (2007). Debunking the trillion dollar nanotechnology market size hype. 
Available at: http://www.nanowerk.com/spotlight/spotid=1792.php (accessed on 
September 21, 2015).

 There are also various technical reports highlighting the potential market for 
nanotech. Again, one must take all such predictions with caution and not draw 
too many conclusions therefrom (“A good decision is based on knowledge and 
not on numbers.” – Plato). For example, a 2012 report by the RNCOS Industry 
Research Solutions stated that the US leads the nanotechnology market and 
accounts for an estimated share of around 35% of the global nanotechnology 
market while the global nanotechnology market was projected to reach US $26 
billion by the end of 2014, growing at a compound annual growth rate (CAGR) of 
around 20% since 2011. See: RNCOS US Nanotechnology Market Leading Globally 
from Nanotechnology Forecast to 2014. Available at: http://www.rncos.com/ 
Report/IM376.htm (accessed on September 20, 2015). On the other hand, BCC 

http://www.wtec.org/loyola/nano/NSET.Societal.Implications/nanosi.pdf
http://www.wtec.org/loyola/nano/NSET.Societal.Implications/nanosi.pdf
http://www.nanowerk.com/spotlight/spotid=1792.php
http://www.rncos.com/Report/IM376.htm
http://www.rncos.com/Report/IM376.htm
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the fray with the clear indication of patenting as much “nano” as 
they can grab. Academia, start-ups and companies still exaggerate 
basic research or project potential downstream applications based 
on early-stage discoveries. Boundaries between science, government 
and industry continue to be blurred. Venture has mostly shied 
away in recent years, though industry-university alliances have 
continued to develop. Stakeholders, especially investors and 
consumer-patients, get nervous about the “known unknown” 
novel applications, uncertain health risks, industry motives and 
governmental transparency. Wall Street’s early interest in nano 
has been somewhat tempered over the years, from cautionary 
involvement to generally shying away, partly due to the definitional 
issue.5 In spite of anemic product development, patent filings 
and patent grants have continued unabated [1–3]. It is no secret 
that nanopatents of dubious scope and breath, especially on 
foundational nanomaterials and upstream nanotechnologies, have 
been granted by patent offices around the world. In fact, “patent 
prospectors” have been on a global quest for “nanopatent land 
grabs” since the early 1980s. As a result, patent thickets in certain 
sectors of nanotechnology have arisen that could have a chilling 
impact on commercialization activities. This author believes 
that issues such as effective patent reform, adaptive regulatory 
guidance, commercialization efforts and consumer health are 
all intertwined and need special attention while addressing 
nanotechnology. In this regard, science-based governance that 
promotes commercialization on one hand and balances consumer 
health on the other is critically needed. Such a regulatory 
framework must be based on ethical norms that promote (i) 
information gathering, (ii) collective participation of stakeholders, 
(iii) transparency, (iv) consensus and (v) accountability.

Research reported that the global nanomedicine market was valued at $214.2 
billion in 2013 and $248.3 billion in 2014 and the total market is projected to grow 
at a compound annual growth rate (CAGR) of 16.3% from 2014 through 2019 and 
reach $528 billion by 2019. See: Nanotechnology in Medical Applications: The Global 
Market. Available at: http://www.bccresearch.com/market-research/healthcare/
nanotechnology-medical-applications-market-hlc069c.html (accessed on December 
2, 2015).

5In this regard, an early story is still applicable today: “…nanotechnology remains 
difficult to define, causing additional uncertainties for investors... Some companies 
have used the nano-technology label to hype unrelated products, while many real 
advances are occurring inside big companies such as Intel, where the developments 
have only a modest impact on stock prices.” See: Regalado, A., Hennessey, R. (2004). 
Nanosys pulls IPO putting nanotech revolution on hold. Wall Street Journal, 
August issue.
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Nanomedicine, an offshoot of nanotechnology, may be 
defined as the science and technology of diagnosing, treating 
and preventing disease and improving human health via nano. 
Nanomedicine is driven by collaborative research, patenting, 
commercialization, business development and technology transfer 
within diverse areas such as biomedical sciences, chemical 
engineering, biotechnology, physical sciences, and information 
technology. This decade has witnessed relatively more advances 
and product development in nanomedicine. In this context, many 
point to the influence of nanomedicine on the pharmaceutical, 
device and biotechnology industries. One can now say that R&D 
is in full swing and novel nanomedical products are starting to 
arrive in the marketplace. Still, revolutionary nanotech break-
throughs are just promises at this stage. They are likely to be 
reflected in real products downstream; they will arrive down 
the road. It is hoped that nanomedicine will eventually blossom 
into a robust industry. In the meantime, tempered expectations 
are in order. Giant technological leaps can leave giant scientific, 
ethical and regulatory gaps. Extraordinary claims and paradigm- 
shifting advances necessitate extraordinary proof and verification.

A balanced view of nanotech is elegantly reflected in 
a recent book [4a]:

Nanotechnology has been hyped by techies who cannot wait to 
order a wristwatch with the entire Library of Congress stored 
inside; while others bespeak the hysteria of rapidly self-replicating 
gray goo. Much that is nano is burdened with over-expectations 
and misunderstanding. As usual, the reality lives somewhere between 
such extremes. Nanotechnology is like all technological development: 
inevitable. It is not so much a matter of what remains to be seen; 
the fun question is, who will see it? Will we? Will our children? Their 
children? Turns out, we will all get to see some. Nanotechnology is 
already changing the way we live, and it is just getting started.

The following excerpt pertaining to nanomedicine and 
nanopharmaceuticals accurately traces the evolution of terminology 
while highlighting the issue that “nano” is a relabeling of earlier 
terms [4b]:

The new concept of nanomedicine arose from merging nanoscience 
and nanotechnology with medicine. Pharmaceutical scientists 
quickly adopted nanoscience terminology, thus “creating” 
“nanopharmaceuticals”. Moreover, just using the term “nano” 
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intuitively implied state-of-the-art research and became very 
fashionable within the pharmaceuti cal science community. Colloidal 
systems reemerged as nanosystems. Colloidal gold, a traditional 
alchemical preparation, was turned into a suspension of gold 
nanoparticles, and colloidal drug-delivery systems became nanodrug 
delivery systems. The exploration of colloidal systems, i.e., systems 
containing nanometer sized com ponents, for biomedical research 
was, however, launched already more than 50 years ago and efforts 
to explore colloidal (nano) particles for drug delivery date back 
about 40 years. For example, efforts to reduce the cardiotoxicity 
of anthracyclines via encapsulation into nanosized phospholipid 
vesicles (liposomes) began at the end of the 1970s. During the 
1980s, three liposome-dedicated US start-up companies (Vestar in 
Pasadena, CA, USA, The Liposome Company in Princeton, NJ, USA, and 
Liposome Technology Inc., in Menlo Park, CA, USA) were competing 
with each other in developing three different liposomal anthracycline 
formulations. Liposome technol ogy research culminated in 1995 in 
the US Food and Drug Administration (FDA) approval of Doxil®, “the 
first FDA-approved nanodrug”. Notwithstanding, it should be noted 
that in the liposome literature the term “nano” was essentially absent 
until the year 2000. (Citations omitted)

6.2 Brief Historical Background

“There’s plenty of room at the bottom.”

—Richard Feynman, Physicist (1918–1988)
The concept of nanotechnology,6 before the word itself, harks 
back to Nobel Laureate Dr. Richard Feynman, the charismatic 
physics professor from Caltech. He is credited with inspiring the 
development of nanotechnology through his provocative and 
prophetic lecture on December 29, 1959 at an American Physical 
Society meeting held at Caltech [5]:

Now the name of the talk is ‘There’s Plenty of Room at the Bottom’— 
not just ‘There’s Room at the Bottom’ ... . I will not discuss how we are 
going to do it, but only that it is possible in principle—in other words, 
what is possible according to the laws of physics. I am not inventing 
anti-gravity, which is possible someday only if the laws are not what 
we think. I am telling you what could be done if the laws are what we 
think; we are not doing it simply because we haven’t gotten around 

6This author questions the traditional assumption that the nanotechnology 
pedigree descended from this lecture, given that “nanotechnology” is not a modern 
invention, discovery or science but has been around for a millennia.

Brief Historical Background
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to it … . I am not afraid to consider the final question as to whether, 
ultimately — in the great future — we can arrange atoms the way we 
want; the very atoms, all the way down! 7

In this famous talk, he focused on the ability to manipulate 
individual atoms and molecules by discussing the storage 
of information on a very small scale; writing and reading in 
atoms; about miniaturization of the computer; and building tiny 
machines, factories and electronic circuits with atoms. Dr. Feynman 
also suggested the idea to shrink computing devices down their 
physical limits (miniaturization of the computer), where “wires 
should be 10 or 100 atoms in diameter;” this was realized in 
2009 by Samsung, which produced devices built with 30 nm 
technology. Additionally, he proposed that focused electron beams 
could write nanoscale features on a substrate (writing and reading 
in atoms); this was realized via e-beam lithography. He also 
envisioned superior microscopes, ideas that are now reflected in 
the form of the scan ning tunneling microscope (STM), transmission 
electron microscope (TEM), atomic force microscope (AFM), and 
other examples of probe microscopy.

It appears that the term “nano” was first used in a biological 
context in 1908 by H. Lohmann to describe a small organism 
[6a]. The concept of precision manufacturing of materials with 
nanometer tolerances at will from the very basic building blocks 
was christened “nanotechnology” in 1974 by Dr. Norio Taniguchi 
of Tokyo Science University. He coined the term via his seminal 
paper [6b] titled “On the Basic Concept of Nano-Technology,” (with 
a hyphen) that he presented in Tokyo, Japan at the International 
Conference on Production Engineering. He wrote:

In the processing of materials, the smallest bit size of stock removal, 
accretion or flow of materials is probably of one atom or one 
molecule, namely 0.1–0.2 nm in length. Therefore, the expected limit 

7At this talk, Dr. Feynman offered a prize of $1,000 to anyone to solve two challenges. 
The first chal lenge involving the construction of a tiny motor. This was achieved in 
1960 by William McLellan, who constructed the first tiny electrical motor (less than 
1/64th of an inch) using conventional tools. The second challenge involving fitting 
the entire Encyclopedia Britannica on the head of a pin by writing the information 
from a book page on a surface 1/25,000 smaller in linear scale. This was accomplished 
in 1985 by Tom Newman, who successfully reduced the first paragraph of A Tale of 
Two Cities by 1/25,000. See also, Hess, K. (2012). Room at the bottom, plenty 
of tyranny at the top. In: Goddard, W. A., et al., eds. Handbook of Nanoscience, 
Engineering, and Technology, 3rd ed., Chapter 2, CRC Press, Boca Raton, Florida.
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size of fineness would be of the order of 1 nm … .“Nano-technology” 
mainly consists of the processing … separation, consolidation and 
deformation of materials by one atom or one molecule.

In the 1980s, major breakthroughs propelled the growth of 
nanotech further. The invention of the scanning tunneling microscope 
(STM) in 1981 by Drs. Gerd Binnig and Heinrich Rohrer at IBM’s 
Zurich Research Laboratory provided visualization of atom clusters 
and bonds for the first time [6c]. The discovery of fullerenes (C60) 
in 1985 by Drs. Harry Kroto, Richard Smalley and Robert Curl was 
another major advance [6d]. Both groups won the Nobel prize.

 The technological significance of nanoscale phenomena and 
devices was explored by Dr. K. Eric Drexler in the mid-1980s. He 
built upon Dr. Feynman’s concept of a billion tiny factories by 
theorizing that these factories could be replicated via computer-
control instead of human-operator control and highlighted the 
potential of “molecular nanotechnology” (MNT). He popularized 
this idea in his 1986 book titled Engines of Creation: The 
Coming Era of Nanotechnology [7]. However, I consider MNT an 
entertaining academic diversion. Although serious work should 
continue on MNT, I do not believe in its near-term feasibility 
because fabrication of efficient devices on a molecular/atomic 
scale that can conduct MNT currently does not exist.8

In 1991, Drs. Donald M. Eigler and Erhard K. Schweizer of the 
IBM Almaden Research Center in San Jose, California, demonstrated 
the ability to manipulate atoms via the STM by forming the 
acronym “IBM” on a substrate of chilled crystal of nickel using 35 
individual atoms of xenon. This technology demonstrated how the 
STM, which until then had been used to image surfaces or atoms/
molecules on surfaces with atomic precision (nanoscale topography), 
8In this regard, the reader is directed to a 2006 report from the National Research 
Council (NRC) titled A Matter of Size: Triennial Review of the National Nanotechnology 
Initiative, The National Academies Press, Washington, DC: “Although theoretical 
calculations can be made today, the eventually attainable range of chemical reaction 
cycles, error rates, speed of operation, and thermodynamic efficiencies of such 
bottom-up manufacturing systems cannot be reliably predicted at this time. Thus, 
the eventually attainable perfection and complexity of manufactured products, 
while they can be calculated in theory, cannot be predicted with confidence. Finally, 
the optimum research paths that might lead to systems which greatly exceed the 
thermodynamic efficiencies and other capabilities of biological systems cannot 
be reliably predicted at this time. Research funding that is based on the ability of 
investigators to produce experimental demonstrations that link to abstract models 
and guide long-term vision is most appropriate to achieve this goal.”

Brief Historical Background
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could now be used to manipulate matter at the nanoscale. In my 
opinion, this concept of “controlled manipulation” is the foundation 
of nanotechnology and a key component of my definition of the 
term (Section 6.3).

The historical origins and development of nanotechnology can 
be summarized as follows [8]:

Although nanotechnology is a relatively recent development in 
scientific research, the development of its central concepts happened 
over a longer period of time. The emergence of nanotechnology in 
the 1980s was caused by the convergence of experimental advances 
such as the invention of the scanning tunneling microscope in 
1981 and the discovery of fullerenes in 1985, with the elucidation 
and popularization of a conceptual framework for the goals of 
nanotechnology beginning with the 1986 publication of the book 
Engines of Creation. The field was subject to growing public 
awareness and controversy in the early 2000s, with prominent 
debates about both its potential implications as well as the 
feasibility of the applications envisioned by advocates of molecular 
nanotechnology, and with governments moving to promote and fund 
research into nanotechnology.

6.3 What is “Nano”?

“What’s the use of their having names,” the Gnat said, “if they won’t 
answer to them? ”
“No use to them,” said Alice; “but it’s useful to the people that name 
them, I suppose. If not, why do things have names at all?” “I can’t say,” 
the Gnat replied.
Through the Looking Glass and What Alice Found There, Chapter 3
—Lewis Carroll (1832–1898), Writer and Mathematician

As discussed earlier, the term nanotechnology is very much 
in vogue. Yet there is still no international scientifically-accepted 
nomenclature or uniform regulatory definition associated with it 
[9–15]. This definitional issue, or lack thereof, continues to be one 
of the most significant problems shared by regulators,9 policy- 
 9It is worth quoting a recent publication [31] that highlights some of the challenges 

confronting regulatory agencies like the FDA and EMA regarding nanotech, 
partly due to this nano-nomenclature issue:

 “There are potentially serious and inhibitory consequences if nanodrugs are 
overregulated, and a balanced approach is required, at least on a case-by-case basis, 
that addresses the needs of commercialization against mitigation of inadvertent 
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makers, researchers and legal professionals [9–15]. In particular, 
regulatory agencies and entities such as the US Food and Drug 
Administration (FDA), the European Medicines Agency (EMA), 
Environmental Protection Agency (EPA), the Centers for Disease 
Control and Prevention (CDC), National Institute for Occupational 
Safety and Health (NIOSH), World Intellectual Property Organization 
(WIPO), the US Patent and Trademark Office (PTO), International 
Organization for Standardization (ISO) Technical Committee on 
Nanotechnology (ISO/TC229), American Society for Testing and 
Materials (ASTM) International and the Organization for Economic 
Co-operation and Development Working Party on Manufactured 
Nanomaterials (OECD WPMN) continue to grapple with this critical 
issue.10 Clearly, the need for an internationally agreed definition 
for key terms like nanotechnology, nanoscience, nanomedicine, 
nanobiotechnology, nanodrug, nanotherapeutic, nanopharma-
ceutical and nanomaterial, has gained urgency.11 It is critical for 
harmonized regulatory governance, accurate patent searching 
and prosecution, standardization of procedures, assays and 
manufacturing, quality control, safety assessment, and more.

In this chapter, the following terms are used interchangeably 
as they all pertain to a “drug or therapeutic”: nanomedicines, nano-
drugs, nanotherapeutics and nanopharmaceuticals. Similarly, these 
“technology” terms are used interchangeably: nano, nanotech and 
nanotechnology.

So, what does the prefix “nano” refer to?12 Any term with 
harm to patients or the environment. Obviously, not every nanotherapeutic or 
nano-enabled product needs to be regulated. However, more is clearly needed from 
regulatory agencies like the FDA and EMA than a stream of guidance documents 
that are in draft format, position papers that lack any legal implication, presentations 
that fail to identify key regulatory issues and policy papers that are often short on 
specifics. There is a very real need for regulatory guidelines that follow a science- 
based approach that are responsive to the associated shifts in knowledge and risks.”

10For example, see: Kica, E., Bowman, D. M. (2012). Regulation by means of 
standardization: Key legitimacy issues of health and safety nanotechnology 
standards. Jurimetrics Journal, 53, 11–56: “Despite the often provocative nature of 
many of the nanotechnology-related initiatives and activities, the undertakings of the 
ISO/TC229 and the OECD WPMN have remained a quiet and uncontroversial affair… 
The work of TC229 and the WPMN to date is still embryonic in nature, with only 
limited outputs and impacts.”

11Similar disagreements over terminology and nomenclature are seen in other 
fields as well. For example, the term “super resolution microscopy,” the subject 
of the 2014 Nobel Prize, is considered an inaccurate description of the technique.

12The prefix “nano” in the SI measurement system denotes 10−9 or one-billionth. 
There is not even a consensus over whether the prefix “nano” is Greek or Latin. 

What is “Nano”?



138 What’s in a Name?

this prefix is broad in scope. Consider the widely used terms, 
nanotechnology, nanomedicine and nanopharmaceutical, all 
of which are a bit misleading since they do not refer to a single 
technology or entity. The terms nanotechnology and nanomedicine 
refer to interdisciplinary areas that draw from the interplay 
among numerous materials, products and applications from 
several technical and scientific fields. This includes materials 
science, engineering, biochemistry, protein science, biotechnology, 
medicine, colloid science, physics, supramolecular chemistry, 
physical chemistry, surface science, etc. [9–18]. Nanotechnology 
results from a combined extension of such diverse fields into 
the nanoscale. In other words, nanotech is an umbrella term 
encompassing several technical/scientific fields, processes and 
properties at the nano/micro scale [9–18]. In a sense, it has 
brought various players with divergent scientific and engineering 
backgrounds together to create a novel common language.

There is confusion over the definition of nanotechnology and, 
partly because of a lack of any standard nomenclature, various 
inconsistent definitions have sprung up over the years [19].13 For 

While the term “nano” is often linked to the Greek word for “dwarf,” the ancient 
Greek word for “dwarf” is actually spelled “nanno” (with a double “n”) while the 
Latin word for dwarf is “nanus” (with a single “n”).

 A nanometer refers to one-billionth of a meter in size (10−9 m = 1 nm), a 
nanosecond refers to one billionth of a second (10−9 s = 1 ns), a nanoliter refers 
to one billionth of a liter (10−9 l = 1 nl) and a nanogram refers to one billionth 
of a gram (10−9 g = 1 ng). The diameter of an atom ranges from about 0.1 to 
0.5 nm. Some other interesting comparisons: fingernails grow around a 
nanometer/second; in the time it takes to pick a razor up and bring it to your face, 
the beard will have grown a nanometer; a single nanometer is how much the 
Himalayas rise in every 6.3 seconds; a sheet of newspaper is about 100,000 
nanometers thick; it takes 20,000,000 nanoseconds (50 times per second) for a 
hummingbird to flap its wings once; a single drop of water is ~50,000 nanoliters; 
a grain of table salt weighs ~50,000 nanograms.

13Add to this confusion is the fact that nanotechnology is nothing new and has 
been around for hundreds, possibly thousands, of years. Damascus sword blades, 
encountered by Crusaders in the 5th century, have shown now to sometimes 
contain nanowires and carbon nanotubes. Another early example of nanomaterials 
in products dates back to the 4th century (Roman times) in stained glass where 
gold nanoparticles were incorporated therein to exhibit a range of colors. The 
most prominent example of this is the Lycurgus Cup on display at the British 
Museum. This cup, depicting King Lycurgus being dragged into the underworld 
by Ambrosia, contains a decorative pigment that is a suspension of gold and 
silver nanoparticles of about 70 nm whereby reflected light appears green but 
transmitted light appears red. Later on in the 7th century, a colloidal suspension 
of tin oxide and gold nanoparticles (Purple of Cassius) was used to color glass. 
Another early example of technology far outpacing science is in the 9th century 
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instance, nanotechnology has been inaccurately defined by the 
NNI14 since the 1990s as “the understanding and control of matter 
at the nanoscale, at dimensions between approximately 1 and 
100 nanometers, where unique phenomena enable novel 
applications…” (this often-cited definition is flawed for various 
reasons as discussed ahead). Others label it as the manipulation, 
precision placement, measurement, modeling or manufacture 
of matter in the sub-100 nm range. Some definitions increase the 
upper limit to 200 nm or 300 nm or even 1000 nm. Some 
definitions omit a lower range, others refer to sizes in one, two or 
three dimensions while others require a size plus special/unique 
property or vice versa [19]. None of these definitions is scientifically 

when Arab potters used nanoparticles in their glazes so that objects would 
change color depending on the viewing angle (the so-called “polychrome lustre”). 
Nanoscale carbon black particles (“high-tech soot nanoparticles”) have been in 
use as reinforcing additives in tires for over a century. The accidental discovery 
of precipitation hardening in 1906 by Wilm in Duralumin alloys is considered a 
landmark development for metallurgists; this is now attributed to nanometer-
sized precipitates. Modern nanotechnology may be considered to start in the 
1930s when chemists generated silver coatings for photographic film. In 1947, 
Bell Labs discovered that the semiconductor transistor had components that 
operated on the nanoscale. A large number of nanomaterials and nanoparticles 
have been synthesized over the last two decades, yet the EPA and the FDA do not 
seem to know how to regulate most of them. Obviously, consumers should be 
cautious about potential exposure but industry workers should be more 
concerned. For example, see: Bradley, R. (2015). The great big question 
about nanomaterials. Fortune 171(4), 192–202. Available at: http://fortune.
com/2015/03/06/nanomaterials/ (accessed on November 10, 2015).

 Many molecules in nature squarely fall within the definition of nanotechnology 
as they are in the nanoscale range, similar in size to commercialized 
nanotherapeutics. However, these “non-engineered” nanoscale structures 
encompass nanoscience, and I exclude them from the nanotechnology umbrella. 
Examples of non-engineered nanoscale particles or biological structures include a: 
virus particle (~20–450 nm); protein (~5–50 nm); gene (~2 nm wide and 10–100 
nm long); red blood cell (~7,000 nm wide); single hair from the head (50,000– 
100,000 nm wide); and DNA (the diameter of a coil is ~1 nm). In other words, 
most of molecular medicine and biotechnology could easily be classified as nano. 
Technically speaking, biologists were studying all these nanoscale biomolecules 
long before the term was even coined. In this regard, even though the National 
Institutes of Health (NIH) concurs that while much of biology is grounded in 
nanoscale phenomena, it has not reclassified most of its basic research portfolio 
as nano.

14National Nanotechnology Initiative (NNI) is the US government’s inter-agency 
program for coordinating, planning and managing R&D in nanoscale science, 
engineering, technology, and related efforts across 25+ agencies and programs. 
The NNI has been regularly reviewed by the President’s Council of Advisors on 
Science and Tech nology (PCAST) since the council was designated in 2004.

What is “Nano”?
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or legally plausible from a pharma perspective; they also exclude 
many applications with significant consequence to medicine. 
This cut-off fails to encompass the unique physiological behavior 
that can occur at the nanoscale. For instance, consider the 
case of gold and silver nanoparticles that naturally exhibit 
fundamentally different properties than at the macroscale. A 
definition like the one from the NNI based purely on size (or 
dimension) does not distinguish between (i) naturally occurring 
versus engineered nanoscale properties; or (ii) spherical 
nanoparticles versus the newer generation of nanoparticles 
having high aspect ratios.

In fact, the ambiguousness of this definitional issue is 
apparent whenever the “nano” prefix is used [20]:

 Nanofiltration is frequently associated with nanotechnology —  
obviously because of its name. However, the term “nano” in 
nanofiltration refers — according to the definition of the International 
Union of Pure and Applied Chemistry (IUPAC) — to the size of 
the particles rejected and not to a nanostructure as defined by the 
International Organisation of Standardisation (ISO) in the membrane. 
Evidently, the approach to standardisation of materials differs 
significantly between membrane technology and nanotechnology 
which leads to considerable confusion and inconsistent use of the 
terminology. There are membranes that can be unambiguously 
attributed to both membrane technology and nanotechnology 
such as those that are functionalized with nanoparticles, while the 
classification of hitherto considered to be conventional membranes as 
nanostructured material is questionable.

All definitions of nanotechnology based on size or dimensions 
should be dismissed. Furthermore, one should avoid puncturing 
every sentence with the prefix “nano.” There is simply no scientific 
basis or logic to limiting all nanotechnology to a sub-100 nm 
limitation; it is illogical, random and foolish. Moreover, “nano” is not 
simply a metric of length, and nanoscale research does not accept 
such rigid limitations on dimensionality (Table 6.1). The arbitrary 
sub-nano cutoff from the NNI has been correctly criticized over 
the years [21]:

The 100 nm size boundary used in these definitions, however, only 
loosely refers to the nano-scale around which the properties of 
materials are likely to change significantly from conventional 
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equivalents. In reality, there is no clear size cut-off for this 
phenomenon, and the 100 nm boundary appears to have no 
solid scientific basis. A change in properties of particulate 
materials in relation to particle size is essentially a continuum, 
which although more likely to happen below 100nm size range, 
does not preclude this happening for some materials at sizes above 
100 nm… [emphasis added]

Given this backdrop, I propose the following definition of 
nanotechnology, one that is unconstrained by an arbitrary size 
limitation or dimensionality [22]:

The design, characterization, production, and application of 
structures, devices, and systems by controlled manipulation 
of size and shape at the nanometer scale (atomic, molecular, 
and macromolecular scale) that produces structures, devices, 
and systems with at least one novel/superior characteristic or 
property.

This definition above has four key features:
 • First, it recognizes that the properties and performance of 

the synthetic, engineered “structures, devices, and systems” 
are inherently rooted in their nanoscale dimensions. The 
definition focuses on the unique physiological behavior of 
these “structures, devices, and systems” that is occurring “at 
the nanometer scale;” it does not focus on any shape, aspect 
ratio, specific size or dimensionality.

 • Second, the focus of this flexible definition is on “technology” 
that has commercial potential from a consumer perspective, 
not “nanoscience” or basic R&D conducted in a lab setting that 
may lack commercial implication.

 • Third, the “structures, devices, and systems” that result must 
be “novel/superior” compared to their bulk, conventional 
counterparts in some fashion.

 • Fourth, the concept of “controlled manipulation” (as compared 
to “self-assembly”) is critical, as emphasized by others [23]:

A main theme in nanotechnology is controlled self-assembly, 
with the goal being to generate functional materials with a 
high degree of precision… [emphasis added]

What is “Nano”?
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Table 6.1 Basic nomenclature for various “nano” terms that correctly 
exclude any reference to a dimension or size

•  The Royal Academy of Engineering: “Nanoscience is the study 
of phenomena and manipulation of materials at atomic, 
molecular and macromolecular scales, where the properties differ 
significantly from those at a larger scale;” “Nanotechnologies 
are the design, characterization, production and application of 
structures, devices and systems by controlling shape and size at 
nanometer scale.” Available at: http://www.nanotec.org.uk/
report/chapter2.pdf (accessed on October 20, 2015); also see: 
Yang, W., Peters, J. I., Williams, R. O. (2008). Inhaled nanoparticles: 
A current review. Int. J. Pharm., 356, 239–247.

• The National Institutes of Health Roadmap for Medical Research in 
Nanomedicine: “An offshoot of nanotechnology, nanomedicine refers 
to highly specific medical intervention at the molecular level for 
curing disease or repairing damaged tissues, such as bone, muscle, 
or nerve.” Available at: http://pubs.niaaa.nih.gov/publications/
arh311/12-13.pdf (accessed on October 20, 2015).

• Dr. Richard Smalley: “Nanotechnology is the art and science of 
building stuff that does stuff at the nanometer scale.” Quoted from:
http://facilityexecutive.com/2006/12/scientists-say-nano-is-here-
but-so-are-the-risks-2/ (accessed on October 20, 2015).

• Springer Handbook of Nanotechnology, 1st ed.: “Nanotechnology 
literally means any technology on a nanoscale that has 
applications in the real world. Nanotechnology encompasses the 
production and application of physical, chemical, and biological 
systems at scales ranging from individual atoms or molecules to 
submicron dimensions, as well as the integration of the resulting 
nanostructures into larger systems.” Available at: http://www.
springer.com/978-3-642-02524-2 (accessed on July 16, 2015).

• The European Science Foundation: “The field of ‘Nanomedicine’ is 
the science and technology of diagnosing, treating and preventing 
disease and traumatic injury, of relieving pain, and of preserving 
and improving human health, using molecular tools and molecular 
knowledge of the human body.” Nanomedicine: An ESF_European 
Medical Research Councils Forward Look Report (2005). Available 
at: http://www.esf.org/fileadmin/Public_documents/Publications/
Nanomedicine.pdf (accessed on October 20, 2015).

• Merriam-Webster Dictionary: “…the science of manipulating 
materials on an atomic or molecular scale especially to build 
microscopic devices...” Available at: http://www.merriam-webster.
com/dictionary/nanotechnology (accessed on October 2, 2015).

http://www.nanotec.org.uk/report/chapter2.pdf
http://www.nanotec.org.uk/report/chapter2.pdf
http://pubs.niaaa.nih.gov/publications/arh311/12-13.pdf
http://pubs.niaaa.nih.gov/publications/arh311/12-13.pdf
http://www.springer.com/978-3-642-02524-2
http://www.springer.com/978-3-642-02524-2
http://www.esf.org/fileadmin/Public_documents/Publications/Nanomedicine.pdf
http://www.esf.org/fileadmin/Public_documents/Publications/Nanomedicine.pdf
http://www.merriam-webster.com/dictionary/nanotechnology
http://www.merriam-webster.com/dictionary/nanotechnology
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• The Smalley Institute at Rice University: “…nanotechnology is quite 
simply the application of knowledge at the nanoscale.” Available at: 
http://smalley.rice.edu/content.aspx?id=42 (accessed on February 
20, 2015).

• The Center for Responsible Nanotechnology: “Nanotechnology is 
the engineering of functional systems at the molecular scale. This 
covers both current work and concepts that are more advanced. In 
its original sense, ‘nanotechnology’ refers to the projected ability to 
construct items from the bottom up, using techniques and tools being 
developed today to make complete, high performance products.” 
Available at: http://www.crnano.org/whatis.htm (accessed on 
September 16, 2015).

• HowStuffWorks: “Nanotechnology is a multidisciplinary science 
that looks at how we can manipulate matter at the molecular and 
atomic level.” Available at: http://science.howstuffworks.com/what-
is-nanotechnology.htm (accessed on October 20, 2015).

• Scientific American: “The field is a vast grab bag of stuff that has to 
do with creating tiny things that sometimes just happen to be useful. 
It borrows liberally from condensed-matter physics, engineering, 
molecular biology and large swaths of chemistry.” Stix, G. (2001). 
Little big science. Scientific American, September issue.

It is best not to blindly use any specific size range or dimension 
while discussing anything “nano.” If a size-limitation must be 
associated with or tagged onto the definition of nanotechnology 
while discussing nanotherapeutics or nanodrug delivery, the term 
may be loosely considered ranging in size from 1–1,000 nm (up to a 
micron, m) for reasons elaborated ahead (see Sections 6.4 and 
6.5). Such labeling would make nanoparticle drug delivery 
systems (nanoproducts or nanoformulations) consistent with 
wet science where colloidal solutions (in contrast to solutions or 
suspensions) contain particles that have at least one dimension 
ranging from 1–1,000 nm (see footnote 21). In this regard, it is 
worth mentioning an important report from the UK House of 
Lords Science and Technology Committee that recommended 
that the term “nanoscale” should have an upper boundary 
of 1,000 nm (at least for the purpose of food regulations), 
contrary to the ISO and ASTM International determinations 
that scientific usage be restricted to no greater than 100 nm [24]:

What is “Nano”?
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We recommend … that any regulatory definition of nanomaterials 
… not include a size limit of 100 nm but instead refer to ‘the 
nanoscale’ to ensure that all materials with a dimension under 
1000 nm are considered…

In fact, many experts propose definitions along these similar 
lines, especially in the context of nanodrugs or pharmaceutical 
applications [8, 25a, 25b, 25c, 25d, 25e, 25f]:

Nanotechnology means putting to use the unique physical properties 
of atoms, molecules, and other things measuring roughly 0.1–1000 
nm. [8]
Nanoparticles are defined as being submicronic (<1 μm) colloidal 
systems generally made of polymers (biodegradable or not). They 
were first developed in the mid 1970s by Birrenbach and Speiser 
(1976). Nanoparticles generally vary in size from 10 to 1000 nm. 
The drug is dissolved, entrapped, encapsulated, or attached to a 
nanoparticle matrix. [25a]
In drug delivery and clinical applications the technology to 
nanonize (ie, to reduce in size to below 1000 nm) is one of the key 
factors for modern drug therapy, now and in the years to come… 
Based on the size unit, in the pharmaceutical area nanoparticles 
should be defined as having a size between a few nanometers 
and 1000 nm (=1 μm); microparticles therefore possess a size of 
1–1000 μm. [25b]

[f]or most pharmaceutical applications, nanoparticles are defined 
as having a size up to 1,000 nm… [25c]

The limitation of sizes to the 1–100 nm range, however, is not 
meaningful as new and highly valuable interactions of materials with 
complex biological systems have been observed at sizes considerably 
above the 100-nm upper limit…Within industry, a general agreement 
has been voiced at many conferences that the size range is not the 
focus but rather the improvement and optimization of material 
properties to deliver patient benefits is the key. As such, a broader 
range of dimensions, from 1 to 1000 nm is typically considered the 
nanomedicine range… [25d]

Nanotherapeutics apply the physical and chemical properties of 
nanomaterials (1–1000 nm in size) for the prevention and treatment 
of diseases. [25e]

In its application form for investigational medicinal products 
(IMPs), Swissmedic, the authority regulating medical products in 
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Switzerland, requires investigators to elaborate and specify whether 
the IMP contains nanoparticles with at least one dimension in the 
nanoscale (1–1000 nm) and whether the IMP has a function and/or 
mode of action based on nanotechnology characteristics either in the 
active substance or adjuvant. [25f]

Michael Berger, the Founder of Nanowerk LLC and editor 
of the company’s popular nanotechnology website (nanowerk.
com), succinctly explains the criticality of establishing functional 
standards and nomenclature in nanotechnology [26]:

The lack of a unified standard, or the existence of different 
standards, can have dire consequences. A few years ago, the Mars 
Climate Orbiter spacecraft was destroyed because a navigation 
error caused the spacecraft to fly too deep into the atmosphere 
of Mars. This error arose because a NASA subcontractor used 
Imperial units (pound-seconds) instead of the metric units 
(newton-seconds) as specified by NASA. But even in the U.S., 
economic and scientific needs assure the continued creeping 
adoption of the metric standard in various areas. Nanotechnology 
is such a case, were the metric system is the undisputed only 
standard — used even by U.S. researchers — and sparing us conversion 
tables for nanometer to nanoinch and nanofoot, and nanoliter to 
nanogallon… Standards have a much larger role in our society than 
just agreeing measurements. As the British Standards Institution 
(BSI) explains it, put at its simplest, a standard is an agreed, 
repeatable way of doing something. It is a published document that 
contains a technical specification or other precise criteria designed 
to be used consistently as a rule, guideline, or definition. Standards 
help to make life simpler and to increase the reliability and the 
effectiveness of many goods and services we use… The need for 
standardization also exists in various fields of nanotechnology in 
order to support commercialization and market development, 
provide a basis for procurement, and support appropriate 
legislation/regulation. The lack of nanotechnology standards 
poses several major challenges because right now there are no 
internationally agreed terminology/definitions for nanotechnology, 
no internationally agreed protocols for toxicity testing of 
nanoparticles, no standardized protocols for evaluating 
environmental impact of nanoparticles, no standardized 
measurement techniques and instruments, no standardized 
calibration procedures and certified references materials...
Standards create comparability and any standard is a collective 
work. Committees of manufacturers, users, research organizations, 
government departments and consumers work together to draw 

What is “Nano”?
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up standards that evolve to meet the demands of society and 
technology.

A similar concern is echoed by other commentators [25f]:

The definition of nanomedicine has implications for many aspects 
of translational research including fund allocation, patents, drug 
regulatory review processes and approvals, ethical review processes, 
clinical trials and public acceptance. Given the interdisciplinary 
nature of the field and common interest in developing effective 
clinical applications, it is important to have honest and transparent 
communication about nanomedicine, its benefits and potential harm. 
A clear and consistent definition of nanomedicine would significantly 
facilitate trust among various stakeholders including the general 
public while minimizing the risk of miscommunication and undue 
fear of nanotechnology and nanomedicine.

Some global standard-setting organizations that are active in 
defining nano-standards and nano-nomenclature are:

 • ANSI-Nanotechnology Standards Panel in the US
 • ASTM Committee E56 on Nanotechnology
 • BSI British Standards Committee for Nanotechnologies (NTI/1)
 • European Committee for Standardization (CEN)
 • IEC group for nanotechnology standardization for electrical 

and electronic products and systems (TC 113)
 • IEEE Nanotechnology Standards Working Group
 • ISO Technical Committee on Nanotechnologies (TC 229)

6.4 Physical Scientists versus Pharmaceutical 
Scientists: Different Views of the 
Nanoworld

“It has been my experience that I am always true from my point of 
view, but am often wrong from the point of view of my honest critics. 
I know that we are both right from our respective points of view…”

—Mahatma Gandhi (1869–1948), Apostle of Nonviolence

Interdisciplinarity is the hallmark of nanotechnology and 
nanomedicine. Nevertheless, physical scientists and pharmaceutical 
scientists view the nanoworld quite differently; clearly, there is 
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tension between the two camps [27, 28]. Let me illustrate this 
with the example of nanoparticles. The physical scientist, may for 
example, look at the intrinsic novel properties like the specific 
wavelength of light emitted from a quantum dot due to variations 
in the quantum dot’s size. Other examples of properties of particular 
significance to a physical scientist, but of little interest to a 
pharmaceutical scientist, include the increased wear resistance of 
a nanograined ceramic due to the Hall-Petch effect [29] or quantum 
confinement where one photon can excite two or more excitons 
(electron-hole pairs) in semiconductor nanoparticles [30]. The 
arbitrary upper size limit of 100 nm proposed by the NNI may 
be relevant to a physical scientist since this is sometimes the size 
range at which there is a transition between bulk and nonbulk 
properties of metals and metal compounds. On the other hand, the 
pharmaceutical scientist is more interested in the extrinsic novel 
properties of nanoparticles that arise because of their interaction 
with biological systems or nanodrug formulation/efficacy 
properties that improve bioavailability, reduce toxicity, lower 
required dose or enhance solubility.

Materials can be scaled down (miniaturized, micronized, 
nanonized, etc.) many orders of magnitude from macroscopic to 
microscopic via conventional techniques, with specific change 
or no change in properties. As materials are scaled down further 
to nanodimensions (say, from around 100 nm down to the 
size of atoms (~0.2 nm)), changes in optical,15 electrical, 
mechanical and conductive properties, often profound, may 
be observed. In other words, this size variation of materials 
may result in unexpected properties not found in their 
larger bulk counterparts that make for novel application 
opportunities. It is important to note, however, that there is no 
certainty that there will be a change in characteristics at this 
size range: a nanomaterial in the size range of 1–100 nm does not 
automatically possess unique “nanocharacteristics” distinct from 
its bulk counterpart. In this context, when there is a change in 

15A century after artisans used metallic particles as colorants, Michael 
Faraday in 1857 studied the interaction of light (photons) with gold particles and 
established that both the type of material and particle size were important factors 
in determining the specific color of emitted light. The area of research we now 
refer to as photonics was born. Nanometer-scale particles from the same block of 
gold (yellow) can have a range of colors (emitted light) like orange, red or purple.

Physical Scientists versus Pharmaceutical Scientists
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properties or behavior of materials, the reasons are twofold: 
(i) an increase in relative surface area, i.e., a large surface-to-
volume ratio (producing increased chemical reactivity, which 
can make nanomaterials more useful for biomedical applications 
but can also increase the risk of potential health/environmental 
hazards); and (ii) an enhanced dominance of quantum effects 
(which impact the material’s optical, physical, surface, magnetic, 
or electrical properties).

However, the quantum mechanical nature of materials at the 
nanoscale, where classical macroscopic laws of physics do not 
operate, are irrelevant when it comes to pharmaceutical science, 
especially drug delivery, drug formulation and most nano-assays 
(refer to Section 6.5 for further details). The sub-100 nm size 
range may be significant to a nanophotonic company where the 
quantum dot’s size dictates the color of light emitted therefrom. 
But, this arbitrary size limitation is not critical to a pharmaceutical 
scientist from a formulation, delivery or efficacy perspective 
because the desired property (such as Vmax, pharmacokinetics or 
PK, area under the curve or AUC, z-potential, etc.) may be achieved 
with a particle size range greater than 100 nm. Moreover, as stated 
previously, pharmaceutical scientists prefer a labeling consistent 
with colloidal solutions while discussing nanoformulations where 
particles have at least one dimension ranging from 1–1,000 nm 
(see footnote 21).

A timely, new journal from Wiley, the Journal of Interdisciplinary 
Nanomedicine, highlights the clear need for “true” interdisciplinarity 
because of the different approaches of physical scientists versus 
pharmaceutical scientists with respect to not only generation of 
data but also during the examination, analysis and discussion of 
these data [31]:

Nanomedicine by nature is interdisciplinary, with benefits being 
realized at the interface of science and engineering, physical 
science and engineering, chemical science and engineering, 
cellular and molecular biology, pharmacology and pharmaceutics, 
medical sciences and technology and combinations thereof. 
The difference in perspective between disciplines may be partly 
responsible for the lack of nomenclature or universally accepted 
definition for various “nano” terminologies, which causes issues 
with publication consistency, regulatory agencies, patent offices, 
industry and the business community… . Ultimately, for a clinical 
scientist or physician the true value of a particular material lies in 
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its clinical utility balanced against any potential adverse effects. 
Therefore, effective translation of nanomedicine candidates 
requires a “technological push” coupled to a “clinical pull”, which 
is bridged by logical intermediary data that mechanistically 
demonstrate the efficacy and safety in biological systems… . Given 
this backdrop, there is a clear need for “true” interdisciplinarity 
during the generation of robust nanomedicine data but also 
during examining, discussing or analyzing these data because 
interpretation by physical scientists is often different than by 
biological scientists.

6.5 Is Drug Delivery at the Nanoscale Special? 
Does Size Matter?

“Tomorrow’s science is today’s science fiction.”
—Stephen W. Hawking (1942–), Physicist

Nanomedicine has blossomed into a robust industry. 
Nanomedicine may be defined as the science and technology of 
diagnosing, treating and preventing disease and improving human 
health via nano. Rapid advances and product development in 
nanomedicine are in full swing as it continues to influence the 
pharmaceutical, device and biotechnology industries. Nanomedicine 
is driven by collaborative research, patenting, commercialization, 
business development and technology transfer within diverse areas 
such as biomedical sciences, chemical engineering, biotechnology, 
physical sciences, and information technology.

The major impact of nanomedicine today is in the context of 
drug delivery:
 • Novel nanodrugs and nanocarriers are being developed that 

address fundamental problems of traditional drugs because 
of the ability of these compounds to overcome poor water 
solubility issues,16 alter unacceptable toxicity profiles, 
enhance bioavailability,17 and improve physical/chemical 

16Approximately 40% of the new drug candidates emerging from drug discovery 
have poor water profiles, a critical issue that continues to plague drug research 
programs. See: Stegemann, S., Leveiller, F., Franchi, D., de Jong, H., Linden, H. (2007). 
When poor solubility becomes an issue: From early stage to proof of concept. 
European Journal of Pharmaceutical Sciences, 31, 249–251.

17Bioavailability refers to the extent and rate (how much and how quickly) a drug 
enters blood circulation or reaches its intended target (site of action). Ninety 
five percent (95%) of all new potential therapeutics demonstrate poor PK and 
bioavailability; “nano” may be able to address some of these issues. See: Brayden, D. 

Is Drug Delivery at the Nanoscale Unique? Does Size Matter?
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stability. Additionally, via tagging with targeting ligands,18  
these nanodrug formulations can serve as innovative drug 
delivery systems (DDS) for enhanced cellular uptake or 
localization of therapeutics into tissues or organelles of 
interest (i.e., site-specific targeted delivery). Various FDA-
approved liposomal, solid nanoparticle-based, antibody-
drug conjugate (ADC) and polymer-drug conjugate delivery 
platforms overcome associated issues such as (i) low 
solubility (Abraxane), (ii) extremely high drug toxicity 
(Brentuximab vedotin and Trastuzumab emtansine), and (iii) 
side effects related to high doses of free drug (Doxil, Marqibo, 
DaunoXome).

 • Reformulation of old, shelved therapeutics into nanosized 
dosage forms could offer the possibility of adding new life to 
old therapeutic compounds. Classic examples include drugs 
developed as nanocrystalline products (Rapamune, Emend, 
Triglide).

 • Coupled with advances in pharmacogenomics, smart 
nanomachines, information technology and personalized 
medicine, upcoming innovations in nanomedicine may even 
generate multifunctional entities enabling simultaneous 
diagnosis, delivery and monitoring of therapies [32].

As a result, nanodrugs are being developed to allow delivery 
of active agents more efficaciously to the patient while minimizing 
side effects, improving drug stability in vivo and increasing blood 
circulation time.19 Apart from these pharmacological benefits, 
nanodrug formulations also offer real economic value to a drug 
company—the opportunity to reduce time-to-market, extend the 

J. (2003). Controlled release technologies for drug delivery. Drug Discovery Today, 
8, 976–978.

18In biochemistry, a ligand is defined as an antibody, hormone or drug that binds to 
a receptor and may have applications in diagnosing or treating disease. In 
chemistry, the term often refers to a molecule, ion or atom that is bonded to the 
central metal atom of a coordination compound.

19Although numerous nanodrugs have been routinely used in medicinal products 
for decades without any focus or even awareness of their nanocharacter, it is only 
within the past two decades that they have been highlighted due to their potential 
of revolutionizing drug delivery. Obviously, the Holy Grail of any drug delivery 
system is to deliver the correct dose of a particular active agent to a specific disease 
or tissue site within the body while simultaneously minimizing toxic side effects 
and optimizing therapeutic benefit. This is often not achievable via conventional 
drugs. However, the potential to do so may be greater via engineered nanodrugs.
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economic life of proprietary drugs, and create additional revenue 
streams. Nanodrugs are starting to influence the commercial 
drug landscape now and are likely to impact medical practice 
and healthcare delivery in the future. In the meantime, the FDA-
approved nanodrugs that are arriving in the marketplace span both 
intravenous as well as non-intravenous products. Some are 
completely novel while others are redesigned variations of earlier 
versions (Fig. 6.1). The first generation of nanodrugs mainly 
address single challenges like targeted delivery, while the second 
and third generations in development can offer two or more 
functions together (delivery and imaging) or overcome multiple 
physiological barriers to deliver their drug payloads. However, 
most nanodrug products are still in their infancy, being at the pre-
clinical development stage or in clinical trials. As these products 
continue to move out of the laboratory and into the clinic, 
governmental agencies such as the FDA, EMA, WIPO, and the 
PTO20 continue to struggle to encourage their development while 
imposing some sort of order in light of regulatory, safety and patent 
concerns. But, is this really possible without a coherent, manageable 
nomenclature or appropriate regulatory terminology?

There is no formal definition for a nanotherapeutic formulation 
(or nanodrug product). I define a nanotherapeutic formulation
20For over a decade, the PTO continues to classify US nanopatents into Class 977 

where, according to its own recent data, they currently number 5,000+. But, it 
is immediately apparent that there is something wrong with this statistic since 
there are more than 15,000 issued US patents on nanoparticles alone. In fact, 
this classification system is imprecise because of the simple fact that the PTO’s 
definition of “nano” is incorrectly based on the flawed NNI definition that limits all 
nanostructures and nanoproducts to a sub-100 nanometer size range. For example, 
see U.S. Patent and Trademark Office (USPTO); Available at: http://www.nano.gov/
node/599 (accessed on October 20, 2015): “Notably, the USPTO adopted the NNI 
definition of nanotechnology in its development of the first detailed, patent-related 
nanotechnology classification hierarchy of any major intellectual property office 
in the world.” As a result, the PTO numbers are a gross underestimate and miss 
the majority of nanotech-related patents (out of ~9 million US patents issued). 
Therefore, PTO statistics on nanopatents should be considered as indicative of 
the overall trend, not actual number of nanonotech-related patents. Also, see Top 
countries in field of nanotechnology patents in 2013; Available at: http://statnano.
com/news/45648 (accessed on October 20, 2015): “According to the statistics 
released by Statnano based on nanotechnology patents and nanotechnology 
published patent applications, a sum total of 21,379 patents related to nanotechnology 
have been granted in USPTO in 2013, and about 31,350 nanotechnology patents 
have been published. A growth of more than 60% is observed in the number of 
nanotechnology patents in USPTO in comparison with 2012….”
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Figure 6.1 Schematic Illustrations of Nanoscale Drug Delivery System 
Platforms (Nanotherapeutics or Nanodrug Products). Shown are 
nanoparticles (NPs) used in drug delivery that are either approved, are 
in preclinical development or are in clinical trials. They are generally 
considered as first or second generation multifunctional engineered NPs, 
generally ranging in diameters from a few nanometers to a micron. Active 
biotargeting is frequently achieved by conjugating ligands (antibodies, 
peptides, aptamers, folate, hyaluronic acid) tagged to the NP surface via 
spacers or linkers like PEG. NPs such as carbon nanotubes and quantum 
dots, although extensively advertised for drug delivery, are specifically 
excluded from the list as this author considers them commercially 
unfeasible for drug delivery. Non-engineered antibodies and naturally 
occurring NPs are also excluded. Antibody-drug conjugates (ADCs) are 
encompassed by the cartoon labelled “Polymer-Polypeptide or Polymer- 
Drug Conjugate.” This list of NPs is not meant to be exhaustive, the 
illustrations are not meant to reflect three dimensional shape or 
configuration and the NPs are not drawn to scale. Abbreviations: NPs: 
nanoparticles; PEG: polyethylene glycol; GRAS: Generally Recognized 
As Safe; C dot: Cornell dot; ADCs: Antibody-drug conjugates.
Notice: Copyright © 2016 Raj Bawa. All rights reserved. The copyright holder permits 
unrestricted use, distribution and reproduction of this figure (plus legend) in any 
medium, provided the original author and source are clearly and properly credited. 
Reproduction without proper attribution constitutes copyright infringement.
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(or nanodrug product) as: (1) a formulation, often colloidal, 
containing therapeutic particles (nanoparticles) ranging in size 
from 1–1,000 nm; and (2) either (a) the carrier(s) is/are the 
therapeutic (i.e., a conventional therapeutic agent is absent) or 
(b) the therapeutic is directly coupled (functionalized, solubilized, 
entrapped, coated, etc.) to a carrier.21 This definition parallels 
that proposed by experts [8, 25a, 25b, 25c, 25d, 25e, 25f] and 
disregards that offered by US federal agencies, most notably the NNI.

As is shown in Fig. 6.1, the various nanodrug product platforms 
are diverse in size, shape, structural design, charge, rigidity, and 
composition. Their physicochemical properties or “nanocharacter” 
often provides an advantage as compared to their “bulk” or larger 
counterparts primarily because of their reduced size, which is 
significantly smaller than the typical 10–100 μm size of most 
eukaryotic cells. These properties are critical in determining not 
only their overall biodistribution and tissue binding/persistence/
clearance, but also their toxicity potential given that inert bulk 
materials can become toxic when formulated as nanomaterials. 
Often, nanodrugs transport active agents to their target binding 
sites (ligands, receptors, active sites, etc.) to impart maximum 
therapeutic activity with maximum safety (i.e., protect the body 
from adverse reactions) while preventing the degradation/
denaturation/inactivation of the active agent during delivery/transit. 
As mentioned above, targeting can be achieved or enhanced by (i) 
linking specific ligands or molecules (e.g., antibodies, glycoproteins, 
etc.) to the carrier, or (ii) by altering the surface characteristics of 
the carrier. Furthermore, therapeutics that have side effects due 
to triggering an immune response (e.g., complement activation) or 
cleared by the reticuloendothelial (RES) system may be entrapped, 
encapsulated or embedded within a nanoparticle coat or matrix.

In a clinical setting, some or all of the features of nanodrugs 
below could correlate to an enhanced in vivo bioperformance:

21A “colloid” is a chemical system composed of a continuous medium (continuous 
phase) throughout which are distributed small particles (dispersed phase), 
typically ranging from 1–1,000 nm in size (disperse phase), that do not settle 
out under the influence of gravity and; the particles may be in emulsion or in 
suspension. In general, colloidal particles are aggregates of numerous atoms or 
molecules, but are too small to be seen with an ordinary optical microscope. They 
pass through most filter papers, but can be detected via light scattering and 
sedimentation. See: Atkins, P., de Paula, J. (2006). Physical Chemistry, 8th ed., 
Freeman and Co., New York, p. 682; Also see: Colloids. Available at: http://chemwiki.
ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Solutions_and_
Mixtures/Colloid (accessed on October 21, 2015).
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 • In general, as a particle's size decreases to nanoscale 
dimensions, a greater proportion of its atoms are located 
on the surface relative to its core (Fig. 6.2), often rendering 
the particle more chemically reactive or endowing the 
particle with size-dependent melting properties. However, 
depending on the intended use, such enhanced activities 
could either be advantageous (antioxidation, carrier capacity 
for drugs, enhanced uptake and interaction with tissues) or 
disadvantageous (toxicity issues, instability and induction of 
oxidative stress) [33].22

 • It is also a scientific fact that, as we granulate a particle 
into smaller particles, the total surface area of the smaller 
particles becomes much greater relative to its volume (i.e., 
an enormously increased surface area-to-volume ratio23) 
(Table 6.2; Figs. 6.3a and 6.3b). As materials are scaled 
down from macroscopic to nanoscopic, the interfacial and 
surface properties dominate particle interactions instead 
of gravity. However, from a drug delivery perspective, 
smaller particles have a higher dissolution rate, water 
solubility and saturation solubility compared to their larger 
counterparts. This change in properties may result in 
superior bioavailability, as a higher percentage of active 
agents are available at the site of action (tissue or disease 
site).24 This may translate into a reduced drug dosage 
needed by the patient, which in turn may reduce the 
potential side effects and offer superior drug compliance.

22A classic example of this is nanosilver (previously known as “colloidal silver”), 
a highly reactive and antimicrobial form of silver, whose side effects on humans 
and the environment have been well documented for over a century.

23One of the most utilized properties of nanoparticles is their high specific surface 
area (SSA). Specific surface area is defined as the surface area per unit weight as 
expressed in the following equation:

 S =   6000 _____ d . r    ,

 where S denotes the specific surface area in m2/g, d represents the particle 
diameter in nm and r is the density of the material in g/cm3. As the 
particle size decreases, relatively more atoms become exposed on the particle 
surface (Fig. 6.2). In other words, as the particle size is reduced, the specific 
surface area increases.

24A classic example of improving drug bioavailability is Élan Corporation’s (since 
2013, Perrigo Company PLC) NanoCrystal® technology, where nanodrug particles 
are produced by a proprietary attrition-based wet-milling technique that reduces 
their size to less than one micron (m). This technology has generated 6+ marketed 
drugs. For a discussion of nanocrystal technology and drug delivery, see [25b].
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Figure 6.2 Particle Size Versus Percentage Surface Atoms. As the 

particle size decreases, the percentage of atoms displayed on 
the surface of the particle relative to the total atoms in the 
particle increases exponentially. In other words, the fewer 
the number of atoms in a particle, a greater percentage of 
atoms are found on the surface of the particle. In this 
hypothetical graph, a particle with a 10 nm diameter has 
~10–15% atoms displayed on the surface whereas 
a 50 nm particle has about ~6–8% surface atoms. 
(Copyright © 2016 Raj Bawa. All rights reserved.)

 

Number of particles: 1 1 × 106 125 × 109

30 × 109 μm2600 × 106 μm2Surface area: 6 mm2 (6 × 106 μm2)

1 mm (1000 μm) 0.01 mm (10 μm) 0.2 μm (200 nm)

Figure 6.3a Comparison of size, number of particles formed and 
available surface area when taking a single cubic structure 
of 1 mm3 and reduce its dimensions systematically to 10 μm3 
and then 200 nm3. (courtesy of Dr. Andrew Owen and 
Dr. Steve P. Rannard, University of Liverpool, UK).
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Particle A B C
Diameter d 0.1d 0.01d
Particles per mass unit n 1,000n 1,000,000n
Surface area per mass unit A 10A 100A

A B C
Figure 6.3b Spheres of decreasing size and the relationship between 

their diameters and surface areas. The surface of a spherical 
particle scales with its radius2 while its volume scales 
with radius3. Hence, the surface-to-volume is inversely 
proportional to the size. In other words, as the particle size 
decreases, the number of particles per mass unit increases 
by the cube of the size difference factor (i.e., a 1,000-fold 
increase for a 10-fold decrease in size). In addition, the 
surface area per mass unit, along with the percentage of 
atoms in the material being present on the particle surface, 
increases by the size difference (i.e., a 10-fold increase for a 
10-fold decrease in size). Adapted with kind permission of 
Pan Stanford Publishing, Singapore.

Table 6.2 Surface-to-volume Atomic Ratio of Spherical Gold Particles

Particle Diameter 
(nm)

total Atom 
count

Surface 
Atoms (%)

Specific Surface 
Area (m2/g)

1000 ~30,000,000,000 ~0.2 0.3
100 ~30,000,000 ~1.6 ~3
10 ~30,000 ~15 ~31
1 ~30 ~90 ~310

Note: As the particle size is reduced, the specific surface area increases. As shown in 
this table, when the diameter of gold particles is reduced to 1 nm, 1 g of nanoparticles 
has a surface area of as large as ~300 m2. On the other hand, if the gold particles 
have a diameter of 0.1 mm, then 1 g of the powder has only ~0.003 m2 of surface 
area. This means that as much as 100 kg of ~0.1 mm-sized gold particles are 
required to provide the same surface area as 1 g of ~1 nm-sized gold nanoparticles 
(courtesy of Dr. Takuya Tsuzuki, Australian National University and Pan Stanford 
Publishing, Singapore).
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 • Finally, nanoparticle therapeutics have a greater potential 
for interaction with biological tissues, i.e., an increase 
in adhesiveness onto biosurfaces.25 This can be a tricky, 
double-edged issue. On one side, the multiple binding sites 
of nanodrugs (“multivalence”26) allow for superior binding 
to tissue receptors, but on the other side, intrinsic toxicity of 
any given mass of nanoparticles is often greater than that 
of the same mass of larger particles. Nanoparticle therapeutics 
(e.g., liposomes) can also contribute to “signal enhancement” 
(105–106) over that of a single drug molecule because of the 
enormous payload (500,000–1,000,000) of encapsulated 
active molecules.

In the pharmaceutical sciences, “nano” offers several potential 
advantages in the context of drug delivery that pharma is interested 
in. Some of these advantages include [34]:
 • increased bioavailability due to enhanced water solubility 

of hydrophobic drugs because of the large specific surface 
area;

 • ability to protect biologically unstable drugs from the 
hostile bioenvironment of use/delivery/release (e.g., 
against potential enzymatic or hydrolytic degradation);

 • extended drug residence time at a particular site of action 
or within specific targeted tissue and/or extended systemic 
circulation time;

 • controlled drug release at a specific desired site of delivery;
 • endocytosis-mediated transport of drugs through the 

epithelial membrane;
 • bypassing or inhibition of efflux pumps such as P glycoprotein;
 • targeting of specific carriers for receptor-mediated transport 

of drugs;
 • enhanced drug accumulation at the target site so as to 

reduce systemic toxicity;
25For example, nanoparticles like dendrimers work more effectively than small 

molecule therapeutics. Small molecules have the ability to interact with only a 
select few cell surface receptors while dendrimers can potentially interact with 
multiple receptors simultaneously, thereby potentiating the biological effect.

26In the context of drug delivery, multivalency is the chemical interaction of 
ligands with several identical binding sites (receptors) on a multi-presented cell. 
In biological systems, multivalent interactions are widely used (e.g., in cellular 
recognition and signal transduction) and are generally stronger than the 
individual bonding of a corresponding number of monovalent ligands to a 
multivalent receptor.
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 • biocompatibility and biodegradability;
 • high drug-loading capacity;
 • long-term physical and chemical stability of drugs; and
 • improved patient compliance.

Therefore, in general terms, it can be concluded that nanoscale 
therapeutics may have unique properties (nanocharacter) that 
can be beneficial for drug delivery but there is no bright-line size or 
dimensional limit where superior properties are found. Hence, the 
size limitation below 100 nm cannot be touted as the basis of 
novel properties of nanotherapeutics. In fact, properties other 
than size can also have a dramatic effect on the nanocharacter 
of nanodrugs: shape/geometry, zeta potential, specific 
nanomaterial class employed, composition, delivery route, 
crystallinity, aspect ratio, surface charge, etc. Clearly, numerous 
nanomaterials and their corresponding nanodrugs such as 
liposomes (80–200 nm), block copolymer micelles (50–200 nm), 
nanoparticles (20–200 nm), and nanosize drug crystals (100– 
1000 nm) fall outside the sub-100 nm size range (Fig. 6.1). In 
addition, there are no clear scientific boundaries to distinguish 
the nano from the non-nano space, especially with respect to drug 
products. Moreover, as stated earlier, a sub-100 nm range is not 
critical to a drug company from a formulation, delivery, or efficacy 
perspective because the desired or novel physicochemical properties 
(e.g., improved bioavailability, reduced toxicities, lower dose, or 
enhanced solubility) may be achieved in a size outside this 
arbitrary range. For example, the surface plasmon-resonance 
(SPR)27 in gold or silver nanoshells or nanoprisms that imparts 
their unique property as anticancer thermal drug delivery agents 
also operates at sizes greater than 100 nm. Similarly, at the tissue 
level, the enhanced permeability and retention (EPR)28 effect that 
27A variety of light-triggered delivery systems are currently under development. 

Near infrared light (NIR) is a promising source of radiation that is absorbed by 
nanosilver and nanogold particles but not biological tissue. This property can 
be exploited if these particles (alone or with incorporated active agents) are 
targeted to tumors and irradiated via NIR, thereby causing thermolysis of 
tumors without damage to the surrounding tissue.

28There are two major concepts in drug delivery systems (DDS) in oncology: (i) 
active targeting that involves tumor targeting via the specific binding ability 
between an antibody and antigen or between the ligand and its receptor; and (ii) 
passive targeting achieved via the EPR effect. Although not a generalization, if 
the nanoparticle is too small (<10 nm?), it is generally rapidly excreted via renal 
filtration while particles too large (>~150 nm?) may not penetrate deep inside 
tumor tissue. It should be pointed out that these are general statements as there 
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makes nanoparticle drug delivery an attractive option operates in 
a wide range, with nanoparticles of 100–1000 nm diffusing 
selectively (extravasation and accumulation) into the tumor [35]. 
At the cellular level, size range for optimal nanoparticle uptake 
and processing depends on many factors but is often beyond 100 
nm. Liposomes in a size range (diameter) of about 150–200 nm 
have been shown to have a greater blood residence time than 
those with a size below 70 nm. Furthermore, there are numerous 
FDA-approved and/or marketed nanodrug products where the 
particle size doesnot fit the sub-100 nanometer profile: Abraxane 
(~130 nm), Myocet (~190 nm), Amphotec (~130 nm), Epaxal 
(~150 nm), Inflexal (~150 nm), Lipo-Dox (180 nm), Oncaspar 
(50–200 nm), Copaxone (1.5 to 550 nm), etc.

This does not imply that any size will do for nanodrug delivery. 
For example, submicron sizes are generally considered essential 
for biological distribution of biopharmaceuticals for safety reasons 
[36]. Particles greater than 5 μm can often cause pulmonary 
embolism following intravenous injection [37]. Therefore, 
submicron particle size is preferred for all parenteral formulations. 
In ophthalmic applications, the optimal particle size is less than 
1 μm because microparticles around 5 μm can cause a scratchy 
feeling in the eyes [38].

If a size limit must be tagged onto nanodrugs, then an upper 
limit of 1000 nm may be most appropriate  (refer to pages 143–
144). The FDA, which was involved in the formulation of the 
inaccurate sub-100 nm NNI definition, has not adopted any 
“official” regulatory definition for nanotechnology or nanoscale. 
However, since 2011, following the publication of a “draft” guidance 
document,29 it uses an awkward, loose and “unofficial” size-based 

is a wide variability in nanoparticles types and sizes employed to achieve the 
desired result or therapeutic outcome. For example, sterically-stabilized liposomes 
of 400 nm diameter were shown to penetrate into tumor interstitium. One has 
to examine the specific nanoparticle on a case-by-case basis to see whether 
it is scavenged by RES (e.g., Kupffer cells in liver) or internalized by target cells 
through endocytosis. Size obviously is important while engineering nanoparticles 
for tumor applications but it needs to be fine-tuned depending upon the 
nanomaterial used, route of delivery, application sought, toxicity issues, etc.

29The FDA’s use of “unofficial” definitions and “draft” guidance documents is 
legendary and the subject of concern, ridicule and criticism. Such FDA 
recommendations are nonbinding and come with a standard disclaimer: “This 
draft guidance, when finalized, will represent the Food and Drug Administration’s 
(FDA’s) current thinking on this topic. It does not create or confer any rights for 
or on any person and does not operate to bind FDA or the public. You can use an 
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definition for engineered nanoproducts or products that employ 
nanotechnology that either: (i) have at least one dimension in the 
1–100 nm range; or (ii) are of a size range of up to 1000 nm (i.e., 
1 μm), provided the novel/unique properties or phenomenon 
(including physical/chemical properties or biological effects) 
exhibited are attributable to these dimensions greater than 100 nm 
[39].

As stated previously, various other governmental agencies 
also continue to use the vague NNI definition based on a sub-100 
nm size. Clearly, as elaborated in this chapter, such definitions based 
on size or dimensions alone fall short on both scientific and legal 
grounds. In this context, consider the following sample questions 
and the limitation of this impractical definition becomes amply 
clear vis-à-vis nanomedicine products:

 • What if, the primary nanostructures (below 100 nm) are in 
an agglomerated or aggregated form that is above 100 nm?

 • What if, the unique “nanocharacter” is lost if the nanomaterial, 
nanoproduct or nanoparticles are not in an agglomerated 
or aggregated form?

 • What if, the size of these agglomerates or aggregates lies 
outside of the NNI definition but they nervelessness possess 
or display novel nanocharacteristics identical to their 
nanoscale counterparts from which they arose?

 • What if, unique or novel nanoproperties exist at various 
size ranges, some even above 100 nm?

 • What if, only a certain fraction of nanomaterial, nanoproduct 
or nanoparticles (1%, 10%, 50%, 90%, etc.) are in the sub-
100 nm nanoscale while the rest are not?

 • What if, macroscale agglomerates give off primary 
nanoparticles in the presence of surfactants, enzymes or by 
action of certain biochemicals?

 • What if, there is a wide batch-to-batch variability in size or 
dimensions (above and below 100 nm) dependent upon 
unique manufacturing protocols, yet the batches retain their 
unique nanoscale properties?

alternative approach if the approach satisfies the requirements of the applicable 
statutes and regulations ...” For example, see: Watson, E. (2014). Senators to 
FDA: Stop using draft guidance to make substantive policy changes. Available at: 
http://www.foodnavigator-usa.com/Regulation/Senators-to-FDA-Stop-using-
draft-guidance-to-make-big-policy-changes (accessed on October 1, 2015).

http://www.foodnavigator-usa.com/Regulation/Senators-to-FDA-Stop-using-draft-guidance-to-make-big-policy-changes
http://www.foodnavigator-usa.com/Regulation/Senators-to-FDA-Stop-using-draft-guidance-to-make-big-policy-changes
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 • What if, different assays or characterization protocols of the 
same nanomaterial, nanoproduct or nanoparticles provided 
disparate data on size (range, fraction, etc.)?

 • What if, the unique nanocharacter or novel toxicity profile 
is only manifested when exposed to certain biological 
environments?

 • What if, the unique nanocharacter is lost in certain biological 
environments or as a result of interaction with certain 
tissue?

6.6 Summary and Future Prospects

“You see things; and you say ‘Why?’ But I dream things that never 
were; and I say ‘Why not?’”

—George Bernard Shaw, Playwright (1856–1950)

Nomenclature, technical specifications, standards, guidelines 
and best practices are critically needed to advance nanotech- 
nologies in a safe and responsible manner. Contrary to a few 
commentators, terminology does matter because it prevents 
misinterpretation and confusion. However, defining nano- 
technology, from any perspective (scientific, regulatory, patent 
law, ethics, policy), is no easy task. So far, no real consensus has 
been reached on basic “nano” terms such as nanotechnology, 
nanodrug, nanomedicine, nanomaterial, nanotherapeutic, 
nanoparticle, nanoscale, etc. In fact, finding a consensus on nano-
nomenclature is a challenge, especially with the diversity and 
scope of scientific disciplines, voices and technologies encompassed 
by the nanotechnology umbrella. An official, scientifically credible 
and legally workable definition of nanotechnology as applied to 
nanoparticle drug delivery systems or nanoformulations does 
not currently exist. It is clear that nanotechnology as applied to 
drug delivery does not need to have any unique size cut-off for the 
simple fact that such artificial boundaries are completely irrelevant 
from an efficacy or formulation perspective.

Pharmaceutical companies do not need to be told by a 
government agency that unless their formulation or product is in a 
particular size range, they cannot refer to it as a nanodrug product 
or nanoformulation. There is no law that governs this and, more 
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importantly, it makes no sense to do so for the simple fact that it 
is scientifically and legally irrelevant for the reasons enumerated 
in this chapter. The key point is this: viable sui generis definition of 
nano having a bright-line size range as applied to nanodrugs blurs 
with respect to what is truly nanoscale; it is unnecessary, misleading, 
and in fact, may never be feasible.

It is important that some order, central coordination and 
uniformity be introduced at the transnational level to address the 
rise of diverse nano terms seen in the patent literature, journal 
articles and the press. This is also critical to prevent a significant 
scientific, legal and regulatory void from developing. It is apparent 
to this author that this has contributed to the evolving patent 
thicket30 in certain sectors along with a lack of specific protocols 
for preclinical development, slower nano-characterization and 
confusion in the scientific literature. In the near future, stakeholders 
ranging from patent professionals, scientists, drug regulatory 
community, pharmaceutical companies, policy-makers and 
governmental agencies must come together on a global platform to 
address, define and formulate formal definitions and nomenclature 
for various “nano” terms. In the meantime, this chapter should 
provide guidance to these stakeholders. It is important that the 
public’s desire for novel nanoproducts, venture community’s 
investment and big pharma’s interest in nanomedicine is not 
quenched.
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