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ABSTRACT: Pharmaceutical nanomaterials (NMs) encompass a wide variety of materials including drug nanoparticles (NPs), which
can be amorphous or crystalline; or nanoparticulate drug delivery systems, such as micelles, microemulsions, liposomes, drug–polymer
conjugates, and antibody–drug conjugates. These NMs are either transient or persistent—depending on whether the integrity of their
structure and size is maintained until reaching the site of drug action. Examples of several approved drug products are included as
pharmaceutical nanoparticulate systems along with a commentary on the current development issues and paradigms for various categories
of NPs. This commentary discusses the preparation of nanoparticulate systems for commercial development, and the biopharmaceutical
and pharmacokinetic advantages of these systems. A criterion of criticality is defined that incorporates the structure, in addition to size
requirement of pharmaceutical NPs to identify systems that may require special development and regulatory considerations. C© 2013 Wiley
Periodicals, Inc. and the American Pharmacists Association J Pharm Sci
Keywords: nano milling; nanoparticles; nanotechnology; micelle; microemulsion; liposomes; polymeric drug delivery systems; polymeric
drug carrier; polymeric drugs

INTRODUCTION

In 1861, Thomas Graham recognized the colloidal state; and
some 50 years later, Wolfgang Osterwald described it as a
“world of neglected dimensions.” Even before the time of Gra-
ham, several colloidal dispersions such as sulfur, Prussian blue,
sulfide, and gold colloids had been prepared by early investiga-
tors. In 1959, physicist Richard Geynman gave a provocative
lecture entitled “There’s plenty of room at the bottom” at an
American Physical Society meeting. Eric Drexler popularized
the potential of molecular nanotechnology in the 1970s and
1980s. The then emerging science of nanotechnology quickly
expanded to almost every field, including pharmaceuticals and
medicine. In the pharmaceutical sciences, significant research
has been carried out in using liposomes, micelles, lipopolymers,
and polymeric dendrimers as nanoparticulate drug delivery
systems (NanoDDSs); and drug nanocrystals as nanoparticles
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(NPs) since 1960s. NPs and NanoDDSs are, as the name im-
plies, particulate or biphasic DDSs, in which at least one di-
mension of size of the dispersed phase or particles is in the
nanometer (1–100 nm) range. The term nanomaterials (NMs)
is used more generally to incorporate both NPs and NanoDDSs,
to reflect their intended particulate structure while acknowl-
edging possibly different states of material presentation, such
as particle agglomeration. These delivery systems are typically
dispersions, where the dispersed phase may be solid or liquid,
and the dispersion medium can be solid, liquid, or gas. The
nanometer-size range is often defined in terms of particle di-
ameter or dimension measured by one or more of analytical
techniques used for characterization of the particle size distri-
bution (PSD).

Approximately two dozen drug products (DPs) based on the
nanotechnology platforms have been approved for commercial-
ization in the United States. Hundreds of Investigated New
Drug Applications (INDs) containing at least some form of
nanosized material have been filed with the United States Food
and Drug Administration (FDA, or Agency). The majority of
current applications of nanotechnology to pharmaceuticals are
in the drug delivery area to enhance bioavailability and to im-
prove targeted delivery of existing molecules. The nanotech-
nology platforms in drug applications are expected to further
expand to new nanoscale materials, with increasing complexity,
functionality, and diversity.1,2

In this commentary, we discuss the pharmaceutical develop-
ment and regulatory considerations of NPs and NanoDDSs that
have influenced the use of these technology platforms for drug
delivery in commercialized DPs. The technologies for commer-
cial DP development are critically reviewed with respect to the
biopharmaceutical and pharmacokinetic modification of drug
properties in the dosage form, along with the developmental
and regulatory challenges, and other special aspects that guide
their development through commercialization. In addition, a
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classification system is proposed to identify the nanosystems
whose structure and/or size parameters are critical to perfor-
mance, and may require greater rigor of development and regu-
lation. The commentary concludes with an outlook to the future
prospects of NMs in drug development.

BIOPHARMACEUTICAL MODIFICATION

The use of drug NPs is generally aimed at improving the dis-
solution rate and/or solubility of a drug molecule. The use of
NanoDDS for altering the pharmacokinetics and/or targeted
drug delivery3,4 is discussed in the next section on Pharmacoki-
netic Modification. Many new chemical entities (NCEs) enter-
ing drug development have low aqueous solubility. Inadequate
aqueous solubility reflects a less than desirable free energy of
transfer of drug molecules from the solid phase to an aque-
ous solution. For crystalline solid drug molecules to dissolve in
water, intermolecular bonds in the crystalline solid need to be
broken and replaced with drug–water bonds in solution in an
energetically favorable manner. Of the two thermodynamic pa-
rameters in the Gibb’s free energy equation, enthalpy change
and entropy change, the latter is usually favorable to drug dis-
solution, but the former may not be. This may result from two
causes: (a) lipophilic/hydrophobic compounds are likely to ex-
hibit low water solubility due to unfavorable free energy of
solvation by water; or (b) compounds with high crystal lattice
energy due to intermolecular interactions may exhibit low wa-
ter solubility as a result of strong crystalline interactions.

Limited drug solubility can cause low and/or variable drug
absorption. Low drug solubility might also lead to nonlinear
increase in drug absorption as a function of dose (fraction of
drug absorbed decreases as the dose increases), and dispropor-
tionate increase in bioavailability with increase in the dissolu-
tion rate [e.g., by reduction of active pharmaceutical ingredient
(API) particle size]. Low and/or variable oral absorption of such
drugs could be either solubility or dissolution rate limited, de-
pending on the dose to solubility ratio and the relative rates of
drug dissolution and permeation.5 For example, at high dose to
solubility ratio, drug solubility is low for the required dose and
drug absorption is solubility rate limited. At low dose to solu-
bility ratio, drug solubility is sufficiently high for the required
dose, resulting in either the dissolution rate or the permeation
rate as a limiting factor for drug absorption.6 The challenges of
dissolution rate and/or solubility limited drug absorption can
be approached with a host of technologies, such as salt forma-
tion, crystal polymorphic form change, formation of amorphous
drug in solid drug dispersions (SDDs), particle size reduction
to micro- or nanosize range, or the use of a solution dosage
form with pH modification if the drug is ionizable in the physi-
ologically relevant pH range, addition of cosolvent(s) or solubi-
lizer(s), or cocrystal formation. Selection of solubility improving
method depends on several factors such as the biopharmaceuti-
cal properties of the drug, disease condition, patient population,
dosage form of choice, dose and route of administration, and the
site of drug absorption. Among these, the use of NanoDDS and
NPs has recently evolved to occupy a unique position as an
enabling technology.

Types of NMs

There are several commercially available DPs in the US mar-
ket that utilize nanosized API (Table 1). Common types of NMs T
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