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The nanodimensionality of nature has logically given rise
to the interest in using nanomaterials in biomedical field
[1–3]. Over the past decades, nanobiomaterials have played
significant roles in the fields of biomedical engineering and
pharmaceutics. The wide variety of nanobiomaterials has
encouraged their use in applications including drug delivery
systems, imaging systems for diagnosis, tissue engineering,
and dental/bone implant. For successful clinical applications,
the investigations into biocompatibility and toxicity of
nanobiomaterials are research interests of great significances.
The same unique physical and chemical properties that
may be beneficial in nanobiomaterials may be associated
with potentially deleterious effects on human health. For
example, nanobiomaterials designed for drug delivery delib-
erately overcome biological barriers or they may cross them
unintentionally as a result of environmental exposure. Once
they have been taken up, they can potentially be deposited
in any region of the body. Due to their small size or specific
functionalization, nanobiomaterials may cross important
biological barriers and cause toxicity to very sensitive systems
such as the brain or the developing fetus. Nanobiomaterials
can be transported through the blood and accumulate in
secondary target tissues and organs such as liver, spleen,
kidney, placenta, the cardiovascular system, and central
nervous system (CNS), where they may cause adverse effects
[4–6]. But on the other hand, some nanobiomaterials have
been found to be able to concentrate more proteins including
specific proteins and these proteins might not only improve
cell attachment and proliferation but also differentiate the
inducible cells, which promote the tissue repair. Therefore,
these nanobiomaterials might have the ability to modulate

downstream stem cellular response, without exogenous
growth factors, coatings, or complex ligand incorporation,
and have the potential to greatly facilitate the development
of tissue engineering and cellular therapies [7–9].

Biocompatibility and toxicity of nanobiomaterials are
tested at three levels. First, tests are performed in vitro in
cell or tissue cultures. If these tests are shown promising,
further testing is performed in vivo in animal models
before clinical studies are performed on humans. Existing
regulatory frameworks in principle cover all important
aspects; however, different behavior of nanobiomaterials
from the corresponding bulk material suggests the need
for specific nanopolicies or adaptation of existing frames.
Unfortunately, there is still lack of validated analytical and
biological methods as well as certified reference standards
for exposure and hazard assessment for establishing safe
doses of nanobiomaterials. Well-characterized and defined
nanobiomaterials to be used as certified reference standards
need to be developed as quality controls additional to
standardized test protocols. Furthermore, the underlying
mechanisms, for example, oxidative stress, immunotoxicity,
and genotoxicity, need to be investigated and possible adverse
effects should be considered.

To date, many trials have been performed to esti-
mate in vitro and in vivo biocompatibility and toxicity of
nanobiomaterials. Based on such preclinical evaluation of
biocompatibility and toxicity, current research trends are
focused on whether the nanobiomaterials induce toxic effects
in human body. For example, some nanomaterials may be
uptaken by phagocytic cells of the RES (reticuloendothelial
system), to induce the production of reactive oxygen species
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and cause oxidative stress or preinflammatory cytotoxic
activity in the lungs, liver, heart, brain, and so forth.

In this special issue, a dozen of articles are devoted to
interaction between nanobiomaterials and cell/tissue, effect
of size, shape, and surface of nanobiomaterials on their
biocompatibility and toxicity, immunogenicity of nanobio-
materials, design of novel biocompatible and biodegradable
nanobiomaterials, instrumentation and technology to ana-
lyze toxicity of nanobiomaterials, and challenges to overcome
the toxicity of nanobiomaterials. The readers can find in this
special issue not only accurate data and updated reviews
on the above-mentioned aspects but also the possibility to
understand accurately how nanobiomaterials interact with
organs, tissues, and cells, and what is their bioavailability
and biopersistence, and self-assembly mechanism of natural
tissues in order to better biomimetically prepare tissue repair
nanobiomaterials, to find out how the biocompatibility and
toxicity of nanobiomaterials depend on their properties
such as dimensions, size, shape, chemical composition,
surface chemistry, and coatings, and to realize the necessity
to chemically functionalize nanobiomaterials or introduce
various molecules, growth factors, antigens, and specific
DNA sequences, which can subsequently have positive effect
on the desired cellular functions or therapeutic efficacy and
to develop standard toxicological tests for nanobiomaterials
so that one set of experiments can be compared with another.
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