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Materials in the nanometer size range may possess unique and beneficial properties, which are very useful for diﬀerent medical
applications including stomatology, pharmacy, and implantology tissue engineering. The application of nanotechnology to
medicine, known as nanomedicine, concerns the use of precisely engineered materials at this length scale to develop novel
therapeutic and diagnostic modalities. Nanomaterials have unique physicochemical properties, such as small size, large surface
area to mass ratio, and high reactivity, which are diﬀerent from bulk materials of the same composition. Polymeric and
ceramic nanoparticles have been extensively studied as particulate carriers in the pharmaceutical and medical fields, because
they show promise as drug delivery systems as a result of their controlled- and sustained-release properties, subcellular size, and
biocompatibility with tissue and cells. These properties can be used to overcome some of the limitations found in traditional
therapeutic and diagnostic agents. Nanotechnology is showing promising developments in many areas and may benefit our health
and welfare. However, a wide range of ethical issues has been raised by this innovative science. Many authorities believe that these
advancements could lead to irreversible disasters if not limited by ethical guidelines.

1. Introduction

2. Nanoparticles Assessments

Recently, nanoparticles have been widely used in biomedical
applications due to their specific physical and chemical properties which alter the normal biological activity, as compared
to bulk materials [1]. The rise in the use of nanoparticles
in this field therefore raises concern over the impact on
human health such particles may have. This then requires the
establishment of new regulations or adaptation of previous
ones, based on a new definition of what needs to be regulated
[2]. Such a science-based definition must be developed by
several national and international standardization bodies,
as well as organizations and authorities in order to have a
definition that is broadly applicable to regulatory legislations.

2.1. A Working Definition of Nanoparticles. Based on this,
European and other International Committees have defined
a nanoparticle as a discrete entity which has three dimensions
in the order of 100 nm or less. Nevertheless it is important to
remember that the nanoscale (1–100 nm) used to describe
nanoparticles should not be considered as strictly due to the
variations that may exist during the nanoparticle measurement as well as the appearance of nanoscale properties in
particles slightly above or below the nanoscale limits. This
can include other important properties to take into account
such as shape, surface area to mass ratio, and composition
[2].
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2.2. Size and Morphology Implications. Like everything else,
the use of nanoparticles in biological systems has several
aspects, both positive and contradictory. Undoubtedly, the
size and how these nanoparticles are synthesized significantly
influences the ease with which they come into biological
systems and interact with tissues or cells. There are many
studies which show the close relationship between these
two variables, size and shape, and analyze the ease with
which such nanoparticles circulate or accumulate within a
living, special sites of sedimentation, and the time it takes
for nanoparticles to saturate the system and promote cell
functional failures. Nanoparticles move freely within a cell
and can therefore interact with proteins, lipids, and other
components [3].
For pharmaceutical purposes the nanoparticles should
have a size range between 2 nm to 1 µm, allowing them to
enter the body in a considerably fast manner. The most
common routes, oral and other mucous membranes, face
nanoparticles with the immune system, which triggers different reactions depending on the host organism. Although
these nanoparticles are ideal vehicles for drug delivery into
the body, they often accumulate in sites other than those
therapeutically intended. Studies show comparisons between
size, morphology, and surface of nanoparticles and the
interactions and host responses. Many times nanoparticles
are encapsulated to ensure a greater dose at the site of
release, but this does not tackle the fact that the nanoparticles
also disperse throughout the body and can cause various
functional damages. Designing a nanoparticle can therefore
be a challenge since the nanoparticle must be safe, easy to
administer, and yet, nontoxic. In addition, little is known
about the eﬀects of size and shape of nanoparticles on
the immune system. In vitro experiments have shown that
nanoparticles of large sizes (200 nm) can easily penetrate
human mucus barriers, altering their structure. It is thus
important to study the complex eﬀects of the diﬀerent
physicochemical and biological properties of nanoparticles
on the modulation of the immune response [4].
The therapy eﬃciency of drug delivery via nanoparticles is reduced by the fact that the administration of
medicine reaches the target site in a limited manner. For
example, polyethyleneimine nanoparticles were used in a
study to determine the destination and penetration of
such nanoparticles when transiting through the blood brain
barrier, and it was shown that a fixed size of nanoparticles
(50 nm) promoted penetration of brain endothelial cells.
Nanoparticles with diﬀerent surface modifications interact
in diﬀerent ways with the surface of the brain epithelial cells,
and many respond to metabolic inhibitors and endocytosis
pathways (diﬀerent surfaces have diﬀerent forms of internalization). Consequently, many tests required size and surface
morphology for eﬃcient transport of nanoparticles [5].
Generalizing, each group of nanoparticles with diﬀerent
sizes, shapes, surfaces, chemical composition, and biopersistence (time a nanoparticle remains within the body)
will have diﬀerent eﬀects on the health of the living.
Toxicological studies show that closely similar substances
induce substantially diﬀerent responses. Some groups will be
safe, whilst a group with an apparent slight variation may

Journal of Nanotechnology
present significant toxic eﬀects. Some ordinary raw materials
are poisonous or harmful. However, when these were used
to obtain nanoparticles, was the solutions to many medical
complications, with minimal adverse eﬀects. In conclusion, it
is important to regulate manufacturing, consumption, routes
of administration, and so forth especially in light of new
developments and gained knowledge [6, 7].

3. Choice of Nanoparticles in Biomedicine
3.1. Polymeric Nanoparticles. Polymers are macromolecules
composed of a large number of repeating units organized in
a chain-like molecular architecture exhibiting a multiplicity
of compositions, structures, and properties. It is because of
this variety of compositions, structures, and properties that
polymers are being used in nanoparticle systems to generate
nanoparticles suited for each specific biomedical application.
The main use of polymeric nanoparticles is in drug delivery,
although they are also used in bioimaging and biosensing
assays [8].
The use of nanoparticles in drug delivery has received a
lot of attention due to the emerging importance of targeted
delivery in medicine, meaning that large amounts of research
studies focused on generating polymeric nanoparticles that
are eﬃcient, tissue specific, and most importantly, nontoxic.
For the preparation of nanoparticles for drug delivery,
there are a variety of methods depending on how the
drug will be loaded onto the nanoparticle. The resulting
nanoparticle-drug compounds may have the structure of
capsules, (polymeric nanoparticles or polymeric nanoconjugates), amphiphilic core/shell (polymeric micelles), or
hyperbranched macromolecules of nanometer dimensions
(dendrimers) [9].
3.2. Natural and Synthetic Polymeric Nanoparticles. Natural
polymers such as chitosan, albumin, and heparin have been
used for the delivery of oligonucleotides, DNA, and protein,
as well as drugs. An albumin-paclitaxel nanoconjugate
has been studied in the treatment of metastatic breast
cancer during phase III clinical trials [10]. Furthermore,
natural polymers and synthetic polymers for nanoparticles
such as N-(2-hydroxypropyl)-methacrylamide, copolymer
(HPMA), poly(ethylene glycol) (PEG), poly(lactic acidglycolic acid) (PLGA), and poly(lactic acid) PLA are used.
Diﬀerent in vitro and in vivo research studies have focused
on the use of conjugated polymeric nanoparticles with
chemotherapeutic drugs to reduce the damaging eﬀects
of the free drug administration [9]. Figure 1 shows film
formation of PLGA.
For both natural and synthetic polymers, polymeric
nanoparticle drug delivery systems allow the particle to be
more target specific since the coating of the nanoparticles
with polymers increases the amount of drug-loaded as well
as tissue/cell-specific recognition proteins, which generates
a more targeted and eﬃcient nanoparticle. Examples of
such nanoparticle systems in cancer treatment are ternary
structures composed of a ligand or an antibody (targeting moiety), a polymer which acts as the carrier, and
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Figure 1: Infrarred spectra of PLGA 50/50 and PLGA 75/25 crystals, when dissolved in chloroform.

an active chemotherapeutic drug [9]. Table 1 presents
diﬀerent polymer nanoparticles acting as nanocarriers in
biomedical fields.
3.3. Polymeric Micelles. Micelles are biocompatible nanoparticles varying in size from 50 to 200 nm in which poorly
soluble drugs can be encapsulated. Polymers are used in
core-shell nanoparticles because they oﬀer a wide range of
applications from drug delivery to bioimaging. A polymeric
core-shell nanostructure comprises a polymeric core and/or
a polymeric shell and can be dispersed in a matrix of any
material class whose property is to be modified or enhanced.
In drug delivery, polymeric-based micellar systems which
contain a hydrophobic core surrounded by hydrophilic
polymers are used as carriers for hydrophobic drugs. These
systems oﬀer various advantages including easy preparation,
eﬃcient drug loading, and controlled release kinetics. Various cancer-related drugs such as paclitaxel, doxorubicin, 5fluoracil, 9-nitrocamptothecin, cisplatin, triptorelin, dexamethasone, and xanthone, have been successfully encapsulated
on PLGA, PLA and PCL nanoparticles [11]. Growing
evidence is taken in account for nano/microparticle-based
delivery system for macromolecular therapeutics. Biodegradable nano/microparticles of poly(D,L-Lactate-co-glycolide)
(PGLA) and PLGA-based polymers are explorer as carriers
for controlled delivery macromolecules such as proteins,
peptides, vaccines, genes, antigens, and growth factors. A
major diﬃcult to this technology is about drug encapsulation
[12]. More research is in progress to address such challenging problems. On the other hand, multifunctional coreshell nanospheres made of amphiphilic co-polymer micelles
whith core bio-functionalized Au or CdSe nanoparticles
(hydrophobic block) are protected with a PEG coating
(hydrophilic block) which provides nanoscopic sensing and
slow-targeted drug release [13].
Another great advantage of polymeric micelles is the
synthesis of pH-sensitive drug delivery systems which can
be engineered to release their contents or change their

physicochemical properties in response to variations in
the acidity or surroundings. Other authors prepared and
characterized polymeric micelles composed of amphiphilic
pH-responsive poly(N-isopropylacrylamide) (PNIPAM) or
poly(alkyl(meth)acrylate) derivatives [14]. Acidification of
the PNIPAM copolymers induces a coil-to-globule transition that can be exploited to destabilize the intracellular
vesicle membranes. Furthermore, poly(alkyl(meth)acrylate)
copolymers can be designed to interact with either
hydrophobic drugs or polyions and release their cargo upon
an increase in pH. Recently, 20–45 nm polymeric-based
micelles has been investigated, which comprise a hydrophobic PLLA core and a hydrophilic PEG shell conjugated to
TAT, a highly pH-sensitive and cell penetrating polymer.
It has been shown that TAT micelles seem attractive for
targeting acidic solid tumours [15].
As drug carriers and releasers, polymeric micelles may
be used to deliver a drug passively or actively although it
may also be attached to a surface, to create a controlled,
drug releasing surface with various applications in tissue
engineering and body implants. Growth and diﬀerentiation polypeptides such as epidermal growth factor, basic
fibroblast growth factor, and members of the transforming
growth factor beta family have been covalently immobilized
to surfaces of polymeric materials, particles and structures
for tissue engineering, and regenerative medicine applications. In a NZW rabbit model of long bone distraction
osteogenesis, it was shown that a single injection of rhBMP7-loaded polymeric core shell nanoparticles accelerated new
bone regeneration and consolidation [13].
Finally, polymeric micelles are also obtaining attention in
the field of biosensing, since enzymes may also be adsorbed
onto the surfaces of polymeric nanoparticles, generating
more precise biosensing systems. Moreover, functionalized
PEGylated gold nanoparticles have been developed that
can be reversibly associated through the addition of lectin,
producing an accompanying color change [16]. Due to
the high stability and nonfouling characteristics of these
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nanoparticles, they may be useful for diagnostics in bloodserum-containing samples. Another interesting application
of polymeric nanoparticles for biosensing systems involves
immobilized enzymes on core-shell polymeric nanoparticles
or catalysts encapsulated suitably into nanoparticles, to
elevate their activity [17].
3.4. Biodegradable Polymers. Some other main group is
the biodegradable polymeric nanoparticles because of the
important contribution as drug delivery systems. Currently,
there are only a small number of commercially available
products that utilize this technology. Biodegradable NPs
have been used for the control release of several drugs like
vaccines, prepared by the spontaneous emulsification/solvent
human growth hormone, insulin, antitumor agents, and also
contraceptives. Long circulation of rate and the impact of
drug/polymer ratio on the size drugs in the body is the key in
the successful drug of NPs [18].
It has been discussed about biodegradable polymeric
NPs with appropriated surface modification that can deliver
drugs to diagnostic and therapeutic applications in neurological disorders such as Alzheimer’s disease (AD). Polymeric
NPs are the promising candidates to deliver drugs in central
nervous system. However, the challenges ahead to resolve the
question of binding of the drugs (loaded onto nanoparticles)
to amyloid plaques that are used as target for developing
the biological markers [19]. The therapeutics advancement
of neurodegenerative disorders such as AD is diﬃcult due to
restrictive mechanism to cross the blood brain barrier (BBB).
Nowadays, NPs radiolabeled and tissue specific [(125 IClioquinol) (CQ, 5-cloro-7-iodo-8-hydroxyquinoleine-NP)]
based on polymeric devices are developed to diagnosis of
AD as the promising delivery vehicle for in vivo detection
of amyloid plaques. In fact, it has been proposed that these
could cross the BBB [20].
3.5. Dendrimers. Dendrimers are synthetic polymeric
macromolecules of nanometer dimensions that composed
of multiple highly branched monomers that emerge
radially from the central core. Their structure oﬀers various
advantages such as monodisperse and controllable size,
modifiable surface, functionality, multivalency, water
solubility, and an available internal cavity for drug delivery
[9]. The resultant spherical macromolecular structure has
a size similar to albumin and hemoglobin, although it is
smaller than multimers like the IgM antibody complex
[21]. The characteristic arquitecture of dendrimers and the
flexibility in the modification of their structure has allowed
a greater progress in the application of biocompatible
dendrimers for targeted drug delivery. Regarding this, there
are studies on the use of biocompatible dendrimers for
cancer treatment to deliver chemotherapeutic drugs such as
cisplatin and doxorubicin [22].
3.6. Nanoparticle-Cell Interaction. Polymeric nanocarriers
are easy to biofunctionalize with proteins, oligonucleotides,
polysaccharides, or even DNA, allowing the nanoparticles
to interact with the surrounding cells in the tissue they
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are targeted towards. Polymer coating of nanoparticles not
only allows for biofunctionalization of the particles but
also diminishes the clearing rate of such particles. Many
nanoparticles have hydrophobic surfaces and are therefore
rapidly opsonized and cleared by the bodily reticuloendothelial and mononuclear phagocytic systems becoming useless
for targeted therapeutics which requires the persistence of the
nanoparticulate systems throughout the systemic circulation.
The coating and modification of surfaces with hydrophilic
polymers therefore promote nanoparticle-cell interactions as
well as internalization. Furthermore, the polymeric coatings
(nanoshells) create a cloud of chains at the nanoparticle
surface which repels plasma proteins. Examples of polymeric
coatings include PEG (polyethylene glycol), PVO (poly-vinyl
octanal acetal), or chitosan derivatives [11].
Substantial studies have been directed towards developing safe and eﬃcient chitosan-based particles for drugs
delivery systems. Chemically modified chitosan or its derivatives have been analyzed since past decade to evaluate the
usefulness in delivering a variety of bioactive molecules [23].
The discovery of synthetic small interfering RNA (siRNA)
technology for gene therapy has led to a surge of interest for
developing siRNA-loaded nanocomplexes of chitosan and its
derivatives for silencing genes. Eﬃcient intracellular uptake
requires suitable carriers due to that siRNA do not freely
cross the cell membrane. In this sense, nonviral vectors
such as chitosan or its derivatives are attractive, taking in
to account these polymers are biodegradable, biocompatible,
with low toxicity and high cationic potential [24]. It has been
accepted that siRNA can be a powerful therapeutic drug, but
its delivery remains a major challenge. Cyclodextrins (CDs),
which are natural cyclic oligosaccharides, have been applied
as delivery vehicles for siRNA, particularly, for the treatment
of solids tumors; recently it has been demonstrated as clinical
success [25]. Another example to useful polymeric devices
such as cyclodextrins is related to oral insulin delivery which
was developed to increase the residence time of insulin near
the intestinal absorptive cells [26].
The use of polymers in the fabrication of nanoparticles
has received a lot of attention due to the large variety of
structures that may be obtained from a combination of properties of individual materials. So far, the majority of commercial polymeric-incorporated nanoparticle applications
in medicine are focused towards bioactive, cost-eﬀective,
and controllable therapeutic agent delivery. However, as
mentioned on some examples before, there are still many
potential applications for polymeric nanoparticles such as
bioimaging, biosensing, and antitumor therapies.
As with all nanoparticles, cytotoxicity and degradation
by-products remain a major problem which needs to be
further investigated in order to improve the biocompatibility
of polymeric nanoparticles. Regarding this, many polymeric
core-shell nanoparticles are being explored in various clinical
phase trials, meaning that they have so far surpassed the
cellular and animal toxicity requirements.
3.7. Ceramic Nanoparticles. Currently, the development of
new ceramic materials for biomedical application grows
hastily. Nanoscale ceramics such as hydroxyapatite (HA),
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zirconia (ZrO2 ), silica (SiO2 ), titanium oxide (TiO2 ), and
alumina (Al2 O3 ) were made from new synthetic methods
to improve their physical-chemical properties seeking to
reduce their cytotoxicity in biological systems. Nevertheless,
the use of new ceramic materials found adverse responses
by the host (in a variety of tissues, including immune
system). The controlled release of drugs is one of the most
exploited areas in terms of ceramic nanoparticle application
in biomedicine. In this field, the dose and size are important.
Also, some features that make nanoparticles a potential
tool in controling drug delivery are high stability, high
load capacity, easily incorporation into hydrophobic and
hydrophilic systems, and diﬀerent routes of administration
(oral, inhalation, etc.). In addition, a variety of organic
groups which may be functionalized on its surfaces allow for
a directed eﬀect [30].
3.8. Titanium Oxide Nanoparticles. The diﬀerent crystalline
structures of titanium dioxide make it a photocatalytic
material, with broad dielectric and optical characteristics.
The titanium dioxide nanoparticles have a variety of uses
being the anatase stable at nanoscale, but also the most
cytotoxic in a range of 3–10 nm, which is more than
100 times in the same scale in a Rutile phase. These
nanoparticles are widely used in pharmacology as drug
eluting vehicles or excipient formulations. In fact, nowadays
they are used in photodynamic therapy, taking advantage of
their eﬃcient photooxidation. In addition, cytotoxic aspects
of nanoparticles are reduced when they are associated with
other materials (e.g., hydroxyapatite) [30].
Current therapies for cancer include surgery, radio, and
chemotherapy which bring undesirable eﬀects on the human
health due to unspecific target cell. Evidence indicates that
therapy based on nanoparticles has potential use. With
respect to this, TiO2 (titanium oxide) nanoparticles have
been used in in vitro studies successfully. In fact, the TiO2
powder has been proposed as a new therapeutic agent for
cancer, particularly colon cancer. Cells from human colon
carcinoma were destroyed when were exposed to photoexcited nanoparticles of TiO2 ; also these nanoparticles have
been improved with gold and platinum, thus significantly
reducing the rate of survival of cancer cells. TiO2 nanoparticles are one of many eﬀorts to improve the treatment of this
disease, where the photocatalytic eﬀect is essentially linked to
the concentration of these nanoparticles. The photocatalytic
activation is carried out by controlled light exposure at the
tumor sites that have been treated with TiO2 . The studies
showed that exposure of cells from human colon carcinoma
has a significant reduction in survival rate when exposed with
Au-or-Pt doped TiO2 nanoparticles in comparison with the
simple exposure to TiO2 . These data suggests that doping of
the TiO2 with Au and Pt essentially contributes to the killing
of the cancer cells as compared to undoped TiO2 [31].
Sonodynamic therapy is expected to be a novel therapeutic strategy for malignant gliomas. The TiO2 nanoparticle,
a photosensitizer, can be activated by ultrasound. In fact,
a potential application of TiO2 /PEG (polyethylene glycol)
to sonodynamic therapy has been shown as a new treatment of malignant gliomas. The eﬃciency of sonodynamic
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therapy was shown using water-dispersed TiO2 nanoparticles
constructed by the adsorption of chemically modified PEG
on the TiO2 surface TiO2 /PEG. The results showed that
compounds of 50 nm of diameter do not cross the normal
blood-brain membrane, but they concentrated successfully
in malignant gliomas when ultrasound methods were used
[32].
On the other hand, there is clinical evidence that
the exposition to diﬀerent concentrations of nanoparticles
including titanium oxide is phytotoxic for various animal
species. Referring to humans, the introduction of nanoparticles in a wide range of industrial products promoted
pregnancy complications, including spontaneous abortions.
Only in the United States, it is estimated that between 1 and
3% of pregnant women had a spontaneous abortion due to
concentration and distribution of these nanoparticles, and
between 7 and 15% of pregnancies has been aﬀected by a
poor fetal growth that predisposes children to cardiovascular
disorders and kidney failure throughout their lives. It has
been shown that exposure of rats to TiO2 nanodots produce
inflammatory lesions 24 hours after exposure, particularly
with nanoparticles oscillating in a size between 2 and 5 nm.
It has been found that the surface area is the most important
factor associated with toxicity. Also, recent studies indicate
that TiO2 nanoparticles with diameters of 35 nm aﬀect the
pregnancy in mice, as well as, nanoparticles injected intravenously due to accumulation in both the liver and the fetal
brain. These studies were observed by bioimaging techniques
after intravenous injection of fluorescence nanoparticles;
images of TEM showed the presence of elements in placenta,
liver, and mouse brain [33].
3.9. Silica Nanoparticles. The automatic release of potential
drugs, their ease of dissolution, and ease of availability in
the organism are some of the most important characteristics
of the pharmaceutically active mesoporous silica molecules.
However, it is diﬃcult to determine methods to combine
biocompatibility and reduce the adverse eﬀects that these
nanoparticles might exhibit in living systems, due to any
slight variation in the synthesis conditions, which may result
in diﬀerent shapes, sizes, and subsequent physicochemical
properties [30].
Moreover, there are multimodal silica nanoparticles,
which are eﬀective as markers in cancer tests and have been
approved for human testing. Because of the poor selectivity
in tumor tissue by markers conventionally used and the
need for specificity in oncological diseases, multimodal
silica nanoparticles with a diameter of 7 nm have been
developed. Such nanoparticles are surface functionalized
with arginine-glycine-aspartic acid peptide ligands and
radioiodine, exhibiting a higher aﬃnity and residence in
tumors and peripheral blood fluids. Studies have shown
and improved selectivity of such nanoparticles as seen by
an increase in their accumulation in mouse melanoma
xenografts. Such nanoparticles were approved for a first-inhuman clinical trial and were optimized for renal clearance,
still showing specific tumor targeting. The silica nanoparticles were coated with a PEG layer and possess amino acid
and peptide radioactive labels. The studies were conducted

Journal of Nanotechnology
on various models of nodal metastasis in various mouse
tissues and nanoparticle doses, with the results being as
eﬃcient as to begin human testing models [34]. However,
these nanoparticles have shown adverse eﬀects during the
fetal development of mice, as seen for nanoparticles 70 nm
in diameter that cross the placental membrane and cause
nerve damage in the oﬀspring. In relation to this, studies
have shown embryos presenting high concentrations of silica
oxide nanoparticles (up to 0.8 mg per mouse) [33].
Recent studies in animal models have shown that
inhalation of silicon dioxide nanoparticles causes pulmonary
and cardiovascular disorders such as, lung inflammation,
myocardial ischemia, atrial-ventricular block, and increased
fibrinogen and blood viscosity. Also, DNA damage has been
observed depending on the size and composition of nanoparticles which are involved on generation of free hydroxyl
radicals. Furthermore, it has been found that treatment with
nanoparticles of silicon dioxide, SiO2 , significantly reduces
cell viability by induction of apoptosis in a cell line HaCaT
(human skin cells). The smaller size of these nanoparticles,
the greater the rate of apoptosis (for nanoparticles 15 and
30 nm, at a concentration of 10 µg/mL and 24 h exposure);
Figure 2 presents silica nanoparticles between 10–30 nm in
diameter. In addition, HaCaT cells provided a good model
to investigate the employment of nanomaterials in cosmetic
industry for skin [35].
3.10. Nanostructured Hydroxyapatite. Hydroxyapatite (HA),
Ca10 (PO4 )6 (OH)2 , is one of the most stable forms of the
calcium phosphates and the major inorganic component of
bone and teeth in mammals. HA is extensively investigated,
from a better understanding of the formation mechanisms
in natural mineralization processes to the applicability as
a biomedical or industrial material. The biocompatibility,
bioactivity, bioresorbability, osteoconductivity, size dimension, morphology, and surface functionalization represent
the physical and chemical properties which should be
adapted in synthetic HA crystals to optimize their specific
biomedical applications.
The design and synthesis of HA focus on improving its
interaction with tissues. The implementation in bones and
teeth is a popular choice due to mimetic bone properties.
HA nanoscale crystals have demonstrated a better contact
with the bone, extending the nanocrystal applications in
orthopedic therapy. The nano-HA is the chosen material for
surgical implantation in bone defect, and nowadays bone
cements are based on calcium phosphates to initiate bone
repair after surgery. The bone cement reduces metaphyseal
fractures, periprosthetic, and improves the healing process of
osteotomies. In addition, it can be used as a release agent for
antibiotics [36].
In the dental field, nano-HA has shown excellent results
in the remineralization of teeth [30]. Whereas calcium
phosphate nanoparticles have shown excellent results as
repair agents of dental enamel. Studies have shown that the
natural tooth enamel is composed of units of HA spherical
nanoparticles with diameters between 20 and 40 nm. Experiments were carried out to determine the corrective eﬀect
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Figure 2: Transmission Electron Microscopy micrograph showing
irregular-shaped of SiO2 nanoparticles with article size between 10–
30 nm.

of this nanoscale hydroxyapatite in comparison with the
traditional HAP (crystals) and amorphous calcium phosphates. Samples with dental erosion of tooth enamel were
used (at the first phase of caries) and treated with nanoparticles PAH. The results of scanning electron microscopy, confocal laser scanning microscopy, quantitative measurement
of the adsorption, dissolution kinetics, and nanoindentation showed the strong aﬃnity, excellent biocompatibility,
mechanical improvement, and the enhancement of erosionfree by using 20 nm particles as the repairing agent. However,
these excellent in vitro repair eﬀects cannot be observed when
conventional HAP and ACP are applied. Clearly, nano-HAP
with a size of 20 nm shares similar characteristics to the
natural building blocks of enamel so that it may be used
as an eﬀective repair material and anticaries agent. Such
range of nanoparticles has therefore been suggested as an
eﬀective agent in prevention or reconstruction material in
dental lesions [37].
Other authors propose the use of HAP nanoparticles as
an inhibitor for human hepatoma. Hepatic carcinomas are
the number one cause of death related to liver; hydroxyapatite has been shown to inhibit the proliferation of tumors.
The eﬀects of HAP nanoparticles at diﬀerent doses were
evaluated on the cell line BEL-7402 in vitro. On one hand,
it was found that a dose of 29.30 mg/mL of nanoparticles
HAPs inhibited growth, and whilst on the other hand, the
cells treated with a dose between 30 and 200 mg/mL showed
antiproliferative and propoptotic eﬀect using diverse tests
[38].

4. Bioethical Issues of
Nanoparticle Applications
Nanomedicine is a relatively new area of biotechnology,
where the possibilities for new therapies to treat illness and
disease seem endless. Nanoparticles are already appearing in
commerce as novel tools for molecular imaging, diagnosis,
and drug delivery formulations. Of note, some nanoparticles
have intrinsic therapeutic properties themselves. Due to such
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many existing applications, many nanotechnology products
are being introduced onto the market, and yet there is still
a considerable lack of knowledge of the biological eﬀects
around human exposure to such nanomaterials. Actions have
already been taken to develop research strategies to evaluate
the specific risks associated with exposure to each particular
nanoparticle [39].
There is a significant current knowledge on the types
of nanoparticles, their synthesis, and applications, as well
as the associated health risks and the exposure assessment
challenges facing OHS specialists. The control and prevention aspects of occupational health and safety associated with
nanoparticles were also discussed in the last years [40]. In
fact, knowledge in the area of hygiene pertaining to health
risks is focused on integration of nanoparticle toxicity data
from the literature. Nanoparticles are produced intentionally
with the aim of developing new materials that exhibit certain
specific properties. These properties are related to at least one
of their dimensions, which must be less than 100 nanometers
(nm). Recent studies of the biological eﬀects of nanoparticles
show signs that some manufactured nanoparticles display
unexpected toxicity to living organisms. Some of these
particles can become potentially harmful and even cause
deleterious human health eﬀects [41].
The toxicological evaluation of the new chemical compounds is an area that in this century has been relevant.
There is almost no other scientific field in which the core
experimental protocols have remained nearly unchanged for
more than 40 years. Yet consumers continually increase their
expectations about the safety of products. One recent eﬀect
of this was the instigation of the largest safety assessment of
chemicals that has ever been carried out: the European Union
introduced the regulation known as Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) by
legislation in 2007. Whereas new chemicals have been
systematically evaluated in the European Union and the
United States for about a quarter of a century, the safety of
any chemicals produced before 1981 (which includes 97% of
the major chemicals in use and more than 99% of chemicals
produced by volume) has not necessarily been properly
addressed [42].
As chemical substances, nanoparticles may first come
under the regulations for chemical agents. Furthermore,
when the substances are integrated into a manufactured
product, they are likely to be subject to diverse regulations
concerning the marketing of products containing them.
They would then be covered, for example, by the various
directives on biocides, cosmetics products, dental materials,
and drugs for human and veterinary use. The manufactured
nanoparticle would then be assessed as part of the product
as used by a professional or consumer. Current law includes
no texts applicable to manufactured nanoparticles as such.
There have been three points proposed: (i) a complete series
of existing regulations certainly appear potentially applicable, (ii) because none targets them specifically; however,
their implementation is very uncertain, and (iii) accordingly
existing laws must be clarified and new measures adopted
swiftly.
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5. Concluding Remarks and
Future Considerations
The application of nanotechnology to drug delivery has
already had a significant impact on many areas of medicine.
Currently, more than 20 nanoparticle therapeutics are in
clinical use, validating the ability of nanoparticles to improve
the therapeutic index of drugs. In addition to the already
approved nanoparticles, numerous other nanoparticle platforms are currently under various stages of preclinical and
clinical development, including various liposomes, polymeric micelles, dendrimers, quantum dots, gold nanoparticles, and ceramic nanoparticles. More complex systems
such as multifunctional nanoparticles that are concurrently
capable of targeting, imaging, and therapy are subject of
future research.
However, we should be aware of possible unwanted sideeﬀects. Nanotechnology means new materials and components, which can be included in many diﬀerent existing
products, or enable new products. Despite potential benefits
of nanotechnology, there are potential ethical issues, which
need desirable solutions.
The currently approved nanoparticle systems have in
some cases improved the therapeutic index of drugs by
reducing drug toxicity or enhancing drug eﬃcacy. Future
research eﬀorts need to be directed towards finding new
methods for nanotoxicology, recognition of biological eﬀects
of nanoparticles in the environment, and creation of the
bases of nanobiomonitoring.
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