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Abstract: The purpose of this review is to survey the characters of nanoparticles that 
contribute to toxicity in biological systems. To highlight likely correlations between 
particle structure and toxicity. Experimental data on the various biological effects of 
particle size, surface structure and charge, and other characteristics were reviewed to make 
general conclusions. Surface area and charge are the two most prominent structural features 
that have impact on toxicity. Nanoparticles have unique toxicities due to their surface 
properties. Exploration of the relationships among the biological effects and surface 
properties will help in making the human application of nanoparticles safer. 
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Introduction 
 

Today’s heath care systems are facing significant challenges all around the 
world. The revolutionary new diagnostic and therapeutic procedures have 
enormous benefits, however these technologies represent a significant cost increase 
to the funding system. 

Against conventional medicine, the individualized, personalized medicine and 
targeting at cellular level is gaining more and more space, of which is perhaps the 
most dynamically developing branch is nanomedicine. 

While the conventional medicine is responding to symptomatic appearance of 
the tissue-level events, the nanomedicine proactively try to diagnose and treat the 
pathological events on molecular level, preferably before the processes become 
irreversible. The nanomedicine is more preventive and against the ’traditional’ 
intervention is much more cost effective. 

Nanomedicine means the application of achievement of nanotechnology in 
diagnoses, treatment, prevention of diseases as well as in the theoretical and 
practical medical researches. All these tasks can be achieved by nanoscaled devices 
or drugs. 

The main targets of nanomedicinal research are cancer, cardiovascular, 
metabolic, and microbial, some musculosceletal and mental illnesses. Nowadays 
several nanodiagnostic tools, targeting drug delivery systems are available, which 
allows the rapid and accurate diagnosis and targeted therapy. 
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However to apply these possibilities open several new, previously unknown 
ethical, social and other issues. 

In addition to medical application of nanomaterials we can meet materials 
developed by nanotechnology in almost every area of our life. From the raw 
materials of tennis rockets, UV resistant paints to cosmetic products these new 
materials with special structure and property are around us everywhere. These new 
properties provide a great opportunity for material scientists (heat resistance, UV 
filtering, light weight etc.). Therefore, the amount of developed nanomaterials is 
growing exponentially in the whole world. In 2004 some estimated quantity of 
world production of carbon nanotubes (CNT) was 100 tons, and this grew to 294 
tons in 2005 [1], then in 2010 it reached 2400 tons [2]. 

However our knowledge of biological effects of nano-sized particles is infancy. 
The manufacture, the human application and the effect to the human systems are 
not consonant with each other. It is known for some years that the occurrence of 
the mesothelioma is significantly higher among people producing CNTs. So in the 
recent years the importance of the toxicological characterization of nanomaterials 
has been in focus. The European Commission and the European Council only in 
the last few years began to outline the toxicological characterization and regulation 
of application of the nanotechnological processes and materials. 

A nanospecific risk of a nanomaterial: 
– Large interface (specific surface area). 
– Possibility of quantum effects (new material properties, volume specific 

effects of small sizes). 
– Non-traditional mobility [3]. 
 

Nanotoxicology at a glance 
 

For the first time, in 2004, Donaldson and co-workers clearly indicated, that the 
behavior of nanomaterials is fundamentally different from the behavior of 
traditional materials, so a new approach is needed to examine their toxicological 
effects [4]. This date represents the beginning of nanotoxicology. This area of 
science needs very wide range of physico-chemical and biological analysis, which 
has to answer new, specific questions. The toxicological characterization of 
nanomaterials is far more complex process than in the case of conventional 
materials. The properties of nanoparticulate systems during the transport, storage 
and human use can change. Therefore multi-stage studies are needed, involving 
strict characterization and monitoring of finished product (as-produced), the 
material to be used (as-administered), as during the transport and storage basic 
changes can take place in physico-chemical characteristics (e.g. aggregation), and 
biological properties of the material. 

In the case of nanomaterials several toxicological concepts, relationships must 
be – understood again. While substances with low molecular weight have clearly 



 Structure-toxicity relationships in the nano world:…   

 

 

67 

defined doses, and the concentration of substances can be stable among wide 
limits, a large number of physico-chemical parameters of nanodrugs must be 
determined for ensuring reproducibility of the product in different laboratories [3].  

The chemical interactions of molecules with biological media can be described 
through degradation and metabolism and described through a molar dose metric. 
For soluble nanoparticles, a mass based dose metric is proposed as primary 
parameter due to the resulting mass-related toxicological effects. Stable particles 
interact predominantly with their surface: hence their toxicological effects should 
be primarily described using a surface dose metric [5].  

The characterization procedures are complex methods, which apply both in 
vitro both in vivo technologies. Previously used in vitro cell culture studies are 
nowadays increasingly replaced by in vivo analysis, regarding to the fact that it 
allows complex examination of nanomaterials. It is important to take into 
consideration that in many cases the in vivo responses strongly reflect species 
specificity so modeling the human events is often difficult. 

Design strategies for in vitro experiments (key steps): 
• Keep particle uptake constant and compare two types of particles 
• Change particle uptake, use only one material and study dose effects (to 

investigate dose related questions and cellular uptake of nanoparticles 
necessary to measure the intracellular particle concentration). 

• Nanoparticle characterization „as received”. 
• Important point is the preparation of nanoparticle dispersions. 
• Exposure of dispersions to cell cultures. 
• Control experiments [3]. 
During the nanotoxicological characterization the following algorithm is 

generally accepted: 
 
Physico-chemical characterization:  
 Size. 
 Zeta-potential. 
 Shape. 
 Surface chemistry. 
 Chemical composition. 
 Aggregation tendency. 
 
In vitro biological characterization: 
 Serological tests: 
  Complement activation (MAC, C5a, C4b, C3a etc.). 
  Hemostasis (APTT, TT, PT). 
  Plasma protein – nanomaterial interaction. 
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 Cell-based assays: 
  Platelet activation. 

Oxidative burst. 
  Chemotaxis, phagocytosis. 
  Apoptosis/necrosis. 
  Cytotoxicity. 
In vivo characterization: 
 Biodistribution. 
 Elimination. 
 Metabolism [6.]. 
 
However the nanotoxicological studies are much wider in scope. It is essential 

during in vivo characterization to know the routes of exposure that depend on the 
characteristics of the nanomaterial. The biodistribution is informative about the 
distribution in organs, but the molecular scale events still remain unexplored. 
Testing genotoxicity is essential for long-term risk assessment. All these complex 
results provide basis for decisions by government, industry and users [7]. 

 
Physico-chemical properties 

 
The size 
 

An important and often studied parameter of nanomaterials is size. The size of 
nanoparticles is in 1–100 nm range. The biological effects of nanoparticles, 
resulting in toxicity, are much grater than even micro-scale materials’. Primarily in 
the respiratory track it means that even particles less than 2.5 micrometers in 
diameter (PM2,5) are mainly eliminated by the barrier layers and clearance 
mechanisms of the lung, the nanoparticles settle less and tend to behave as gas. As 
a result, these particles spread diffusely in the alveolar space. The random 
Brownian movement allows them to interact with any part of the alveolar 
epithelium. In addition, their size is easy to use for surface receptors. Nanoparticles 
are easily internalized, mainly by clathrin and caveolin dependent endocytic 
mechanisms, and after passing the endothelium they reach directly the systemic 
circulation. Despite lower alveolar recruitment, these materials persist longer in the 
tissues, so their prolonged inflammatory and cytopathic effects are significantly 
stronger than those of micromaterials. 

Sonovane and colleges have shown that 1–50 nm scale gold particles were able 
to penetrate via the blood brain barrier, and 40–50 nm scale gold particles 
effectively activated the membrane receptors on SK-BR cells [7, 8]. 

Osaki and co-workers observed that 50 nm size quantum dot (QD) is very 
efficient in receptor-mediated endocytosis [7]. 
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Monores and his group provided evidence that 1–10 nm size silver particles can 
penetrate into bacteria [7, 9]. 

In vitro analysis of size is much more difficult, because during storage, 
nanomaterials tend to aggregate, so improperly executed analysis of size do not 
determine the particle size, but the size of aggregates, which does not reflect the 
actual properties of the nanomaterial. It complicates the definition of size that we 
can measure the ‘hydrodynamic’ particle size or diameter, which is not capable, in 
case of particles having different shapes or forming aggregate, to determine the 
actual size of them. The specific requirements of particle size analysis are specified 
in detail in standards ISO 9276 1–6 and ISO 13317-1 [3].  

For definition of size and analysis of the distribution of particles in solution, the 
best-known method worldwide is the photon correlation spectroscopy, also known 
as dynamic light scattering (DLS). It is also essential in the analysis of size to use 
different electron microscopy methods (Transmission Electron Microscopy (TEM), 
Scanning Electron Microscopy (SEM), High-resolution transmission electron 
microscopy (HRTEM)) as well as atomic force microscopy (AFM). 

 
The surface and surface area/volume ratio 
 

The decrease in particle size raises dramatically the specific surface area of the 
particle. While the surface area of 1 mg of 10 µm in diameter, spherical carbon 
particle is approximately 270 m2, surface area of a particle with the same weight 
and 10 nm in diameter is approximately 270.000 m2 [10]. On growing surfaces 
more atomic groups may become accessible, which increases the reactivity of the 
particle. The increased surface area has larger absorption capacity, which also 
enhances the biological effect. Many studies support the view that mass-dose 
relationship, used in conventional toxicology, cannot be applied in nanotoxicology. 
From nano- or micromaterials having the same chemical structure and weight, the 
nanomaterial is more toxic due to its increased surface area, whereas if the dose 
was normalized for the surface area, there was no observed difference in toxicity 
between them. Owing to increasing absorption capacity a nanoscale drug delivery 
system can absorb up to 100.000 fold more substance than the amount of free 
agents [11]. 

Several authors observed that the prolonged inflammatory response arising 
from increased surface area/volume ratio of nanoparticles, witch correlates with 
increased pulmonary toxicity [7]. 

In the background of the increased tendency to aggregation there is the higher 
surface area/volume ratio, which enhances the higher incidence of physical 
interactions (van der Waals, dispersion, electrostatic) among particles. Artificially 
synthetized nanoparticles are often conjugated with different organic compounds in 
order to inhibit aggregation, improve solubility and biocompatibility of the 
particles. By means of conjugated moieties, nanoparticles can be easily targeted 
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into the appropriate organ or tissue in the human body. Cell culture studies 
revealed that CNT toxicity is influenced by conjugated molecules [12, 13]. The 
importance of the toxicological feature of surface is supported, for instance, by the 
fact that the native form of C60 (Buckminster) fullerene can induce superoxide 
anions, but when the surface of this nanoparticle is functionalized it does not show 
toxic effects in human fibroblasts [12]. Other studies suggest that C60 

(Buckminster) fullerene can have antioxidant effect [14–16]. Polymer/surfactant 
and nanoparticle-mediated complement activation is a complex process and 
regulated by inter-related physicochemical factors.  

Today it became clear that dextran coated super-paramagnetic iron oxide 
(SPIO) particles interact with serum IgM, inducing strong complement activation. 
This effect of complement activation can be observed in connection with the size 
and shape of the particle [17]. 

Uncoated nanoparticles are mainly taken up by macrophages. Labeling of 
nanoparticles with, for instance immunoglobulin (IgG), allows for enhanced uptake 
by immunocompetent cells via Fc receptor. Coating of particles with poly-
ethylene-glycol (PEG) results a prolonged circulation time due to the avoidance of 
macrophage internalization of the particles [18]. 

The surface properties and aggregate formation can also be studied by different 
electron microscopy methods (TEM, SEM, HRTEM) as well as Atomic Force 
Microscopy. For the examination of specific surface area and the porosity 
Brunauer-Emmett-Teller method (BET) can be applied. In this method the 
absorption of an inert gas (e.g. N2) to a solid surface is measured. The method is 
not suitable for testing liquid suspensions. 

 
The surface charge and the aggregation state 

 
During production of nanoparticles or their dispersion in liquid medium, they 

acquire different surface charge. This property depends on, among other things, the 
chemical structure of the particle and the nature of the surrounding medium. The 
surface charge affects the biological behavior of the particle, such as phagocytic 
activity [19] so determines the mechanisms of internalization [20]. These processes 
have main role in cytotoxicity. 

High surface charge can activate the complement system, while a lack of 
surface charge (i.e., value of surface charge near zero) lends a tendency for 
nanoparticles to aggregate. Anionic nanoparticles can be highly toxic even in small 
concentration. Lockmann and co-workers observed toxic symptoms in the blood 
brain barrier applying anionic nanoparticles in rat model [21]. To characterize the 
surface charge, the zeta-potential is used. This parameter can be measured by the 
earlier mentioned DLS system, equipped with a special unit for determining zeta-
potential.  
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The shape 
 

Nanoparticles can have several different shapes, from spherical liposomes to 
rod like CNTs. The shape affects the accumulation as well as adsorption, 
distribution, metabolism and elimination (ADME) of the particle in the human 
body [22, 23]. According to in vitro toxicological studies the rod shaped CNTs can 
activate platelets, while spherical fullerenes cannot [24]. 

Other studies focus on the advantage of the rod like shape in drug delivery, 
because the macrophages are less able to phagocyte long shape than spherical one 
[25, 26]. 

Not only the shape but also the structure is important. In the case of CNTs the 
toxicity results shows that single-walled carbon nanotubes (SWCNT) are more 
toxic for the lung than the multi-walled carbon nanotubes (MWCNT) [27]. 

Park and his team observed that the open-ended SWCNTs effectively block ion 
channels in Chinese Hamster Ovary (CHO) cells. In the opposite the capped 
SWCNTs are less reactive [23]. 

Chitrani and co-workers demonstrated that spherical gold nanoparticles have 
higher uptake by HeLa cells [28].  

According to observations of Geng et al. the filamentous micelles are more 
effective drug carriers than the spherical ones [29]. 

The shape of the nanoparticles can be studied by different electron microscopy 
methods as well as AFM. 

 
Chemical composition 

 
Nanomaterials can be different in their chemical composition. From inorganic 

materials as metals, metal oxides, through organic materials as CNTs to hybrids as 
quantum dots (QD) many various compositions can exist. The chemical 
composition also can affect the toxicity of the nanomaterial. In the case of QDs the 
core metal plays the main role in the toxicity of the particle: e.g. the cadmium 
containing core more toxic than other metals. Silver or aluminum containing QDs 
are less toxic. These metals may accumulate in the body, so their effect is 
persistent, which means higher level of toxicity in the end [30]. 

Several artificial nanomaterial can be toxic because of contaminants left in the 
structure during manufacturing. 

Metal traces associated with the commercial carbon nanotubes cause a dose- 
and time-dependent increase of intracellular reactive oxygen species (ROS) and a 
decrease of the mitochondrial membrane potential in rat macrophages (NR8383) 
and human A549 lung cells [31]. 

Incorporation of 1% (w/w) manganese doping into titanium particles increases 
in UVA absorption and reduction in free radicals [32]. 
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Ag, MoO3, Fe3O4, Al, MnO2 and W: Ag was highly toxic whereas MoO3 
moderately toxic and Fe3O4, Al, MnO2 and W (Tungsten) displayed less or no 
toxicity at the doses tested in in vitro rat liver derived cell line (BRL 3A) [30]. 

Most widely known methods for examining chemical composition are mass 
spectrometry, atom adsorption spectrophotometry and different liquid 
chromatography methods (e.g. High Performance Liquid Chromatography). 

 
Lattice structure 
 

The lattice structure also has effect on the toxicity of the nanomaterials. 
Although having the same chemical composition, variation in lattice structure of 
the same material shows different properties. One of the most investigated example 
is titanium dioxide, which have more lattice structure. The rutile and anatase are 
the two forms of crystalline structure. The photochemical behavior of these forms 
is different. In nanoscale range rutile is photocatalytic and more stable than 
anatase, while the latter may have photocatalytic activity in aqueous media, and 
may generate reactive oxygen species. These processes can cause intradermal 
inflammation and higher risk of development of carcinoma. 

This material is used in many consumer products including paints, cosmetics, 
and sunscreens. So it is essential which crystalline form is used e.g. in sunscreens 
as a physical blocker [33–35]. 

 
Routes of exposure 

 
Skin 
 

The skin as primary barrier in many cases has contact with toxic agents, e.g. 
nanomaterials. 

According to a study, nanocrystalline magnesium oxide and titanium dioxide, 
applied to different human skin dermatomes as dry powder, water suspension, and 
water/surfactant suspension for 8 hours, did not show dermal absorption through 
human skin with intact functional stratum corneum. In another study, Gontier et al 
[36] tested the penetration of topically applied titanium dioxide (TiO2) 
nanoparticles (size range 20–100 nm) in porcine-, healthy human- and human 
grafted-skin samples. It was seen that penetration of TiO2 nanoparticles was 
restricted to the uppermost 3–5 corneocyte layers of the stratum corneum. In 
contrast to this finding, there are many reports that show deeper penetration of 
nanoparticles. Lademann et al. [37] showed that TiO2 particles could get through 
the human stratum corneum and reach epidermis and even dermis. Flexing 
movement of normal skin was shown to facilitate the penetration of micrometer 
size fluorescent beads into the dermis [38, 39], demonstrated penetration of a  
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variety of nanoparticles in the dermis and translocation to the systemic vasculature 
via lymphatic system and regional lymph [7]. 

 
Respiratory tract 

 
Particularly important issue for the occupational and public health the impact of 

inhaled nanomaterials. According to several recent studies nanoscale particles in 
the air can have more serious health effects than those in the micrometer size range 
(e.g. PM10, PM2,5). The nanometer-sized particles are derived mainly from diesel 
combustion engines. These particles are called combustion-derived nanoparticles 
(CDMP), and their source in big cities is mainly from diesel engines of cars (diesel 
exhaust particles, DEP). The inhalation of these particles can affect directly the 
lung epithelium, can generate ROS and enhance gene expression of several 
inflammatory mediators, e.g. IL 8, as well as the level of the C reactive protein 
(CRP) [40, 41]. These processes induce an inflammatory response, which can lead 
to cardiovascular risks [42–44]. 

 
The effect of CDMP is significantly dependent on the exposure of time, the 

concentration, and the person’s health status. Those who already have undergone a 
cardiovascular illness earlier, systemic inflammation can cause higher cardiac risk 
as the CRP level is increased in this case [45]. The effects of the artificial 
nanomaterials (e.g. CNTs) on the respiratory and cardiovascular systems are 
studied carefully as well. Recently, the pathogenic effects and pathology of inhaled 
manufactured nanoparticles have received attention [7, 46–49]. 

 
Gastrointestinal tract (GIT) 
 

Nanomaterials can reach the GIT after mucociliary clearance from the 
respiratory tract through the nasal region, or can be ingested directly in food, water, 
cosmetics, drugs, and drug delivery devices [7, 48–50]. 

However, the number of nanomaterials is very sensitive to the physicochemical 
circumstances of the GIT, as the biodegradability in this environment is 
substantially higher. Due to this fact, only few experimental data are available 
about the toxicological importance of nanomaterials in the GIT. 

 
Biodistribution 
 

Numerous studies have examined the biodistribution, clearance and 
metabolisms of nanomaterials. These experiments analyze physical clearance 
processes (mucociliary movement, epithelial endocytosis, interstitial translocation, 
lymphatic drainage, blood circulation translocation and sensory neuron 
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translocation) and chemical clearance processes such as dissolution, leaching and 
protein binding [7, 38]. 

The physico-chemical properties significantly affect the biological response. 
There are several routes of exposure where nanoparticles can penetrate into human 
body. Each route of exposure we have to consider that nanoparticle size range 
allows translocation via biological barriers. Through the respiratory tract neuronal 
uptake can occur via bulbus olphactorius [38]. Some authors observed 
translocation via eye as well [51, 52]. Nanoparticles after translocation via lung 
endothelium may reach circulatory system [53]. With the bloodstream the 
nanoparticles can reach different organs and accumulate in them [51–53]. The liver 
and spleen filter the most nanoparticles from the blood. Particles which are bigger 
approximately 250 nm in diameter are filtered by spleen, and smaller ones are 
filtered by liver [53]. Clearance and opsonization of nanoparticles depends on size 
and surface characteristics [54, 55]. PEG coating reduces the connection with 
plasma proteins and results prolonged circulation time, which decreases the 
immediate accumulation [56]. These effects are essential in application of 
nanosized drug delivery systems. An experiment shows that PEGylated 
polystyrene particles with 60–100 nm size can reach the bone marrow in rabbits 
[57]. Intravenously administered QDs accumulated in the liver and spleen, while 
PEGylated particles can avoid the reticuloendothelial system cells and have longer 
circulation time [58]. According to other results PEGylated nanomaterials can 
cross the blood brain barrier and can reach the brain, where they may accumulate 
[59]. Oberdörster and colleges [60] using 13C showed that inhaled carbon 
nanoparticles can be detected in the lung, bulbus olphactorius, cerebellum and 
cerebrum of rats. The superparamegnetic iron oxide nanoparticles (SPIO) [61] or 
CNTs [52] can accumulate in the lymph nodes as well. Biodegradable 
nanoparticles, e.g., liposomes, micelles, SPIO, can be eliminated by metabolic 
pathways, while non-biodegradable particles, e.g. CNT, can be eliminated mainly 
by kidney [51]. 

Owing to characteristic internalization and systemic distribution of inorganic 
and polymeric nanoparticles, there is growing interest in exploring their uses for 
imaging, systemic delivery of drugs, target specific killing of cancerous cells etc. 
Understanding the relationship between the physico-chemical properties (size, 
surface charge, hydrophilicity etc.) of nanoparticles and their ADME 
characteristics is critical to achieve desired biological effect [62, 63]. Kunzmann et 
al. [18] have extensively reviewed the commonly studied nanomaterials iron oxide 
nanoparticles, dendrimers, mesoporous silica particles, gold nanoparticles, and 
carbon nanotubes with reference to their toxicity, biocompatibility, biodistribution 
and biodegradation. The authors re-emphasize the importance of physico-chemical 
characteristics of nanoparticles. Zhi Yong et al [64] recommend the use of 
radiotracer techniques for determining ADME characteristics. 
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Outcome of characterization and regulatory issues 
 

The essentially “new” features of nanomaterials do not only determine the 
biological behavior but in many cases can make more difficult the evaluation of in 
vitro analysis, so it can be easily misinterpreted. These problems can occur in size 
determination as well. Different techniques are nowadays commonly used to 
measure the size and size distribution of nanoparticles. However, due to the lack of 
validated methods and appropriate reference materials, accurate interpretation of 
these results is very challenging [65]. The Institute for Reference Materials and 
Measurements (IRMM) of the Joint Research Centre (JRC) of the European 
Commission has released its first nanoparticle reference material IRMM-304 in 
2008, which facilitates the inter-laboratory validation and comparison of results.  

Beside the previously detailed biological effects, the increased absorption 
capacity caused by the higher specific area of nanomaterials can make difficult the 
evaluation of in vitro examinations. The lactate dehydrogenase (LDH) releasing 
tests and MTT reduction assays, used for routine cytotoxicity testing often give 
false results, as on the significantly increased surface of nanomaterials the applied 
substrates and enzymes can be bound, so the kinetics of the reaction  and the end 
products will show lower cytotoxicity strength [3, 66–70]. 

In an Annexin V/propidium iodide test, which is known as an 
apoptosis/necrosis marker, the nanoparticle-induced Ca depletion and dye 
absorption led to erroneous underestimation of apoptosis/necrosis [66, 71, 72, 73]. 
Likewise, fluoromertic marking due to Caspase 3 inhibition mistakenly 
undervalued apoptosis [66]. Examining ROS induction of CNTs, due to fluorescent 
quenching, a false decrease of oxidative stress was detected [74]. The absorption of 
cytokines can also cause false results in ELISA tests [66, 70, 75]. 

In conclusion, culture conditions can modify the outcome of an experiment and 
results reported in the literature can only be compared when methods are described 
in detail [76]. 

In addition in many cases literature data are confusing. Since no studies can 
concomitantly address all relevant aspects of nanosafety, an important tool to 
resolve outstanding questions will be to perform meta-analysis. Bearing this in 
mind, research papers should report on materials and methods as extensively as 
possible to make the data suitable for subsequent re-analysis. In this context, again 
it is absolutely critical to report “no effect” data in studies, since meta-analysis 
based on biased individual studies. To this end, two actions could be taken. First, 
we should raise awareness in the editors of scientific journals, and in the scientific 
community at large, on the absolute importance and practical need of publishing 
“no effect” data in studies. Second, if publication in the scientific literature of “no 
effects” studies cannot be ensured, creation and awareness of a (peer-reviewed) 
online repository should be facilitated, to provide a means to disseminate scientific 
findings of value to future meta-analysis studies [77]. 
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There are already a number of drug products in the nanometer size range that 
are approved by the Food and Drug Administration. Designing pharmacokinetic 
and biodistribution studies for complex nanoparticles may pose unique challenges, 
as compared with small molecules. There are many commonalities between small 
molecule drug development and nanotechnology driven drug products. Therefore, 
it is the consensus amongst various regulatory agencies that the current regulatory 
guidelines for drug development can also be applied to nanoparticles. However, 
there are also many issues that are specific to nanoparticles such as the need for 
physico-chemical characterization using instrumentation that is not commonly used 
for small molecules. Similarly, the need for comprehensive ADME studies with 
unique considerations for nanomaterial containing drugs should be a priority. In 
accordance with the FDA's Nanotechnology Task Force, CDER is considering the 
development of documents that can provide guidance on nanoparticle drug specific 
issues [2, 78]. 

 
Conclusions 
 

The human body comes in contact with nanoscale materials in all walks of life. 
Some of these materials are from natural source, while others arise from human 
engineering. Besides nanomaterials in our environment, there is a very dynamic 
area in this field focused on nanoscaled drug delivery systems and engineered 
nanodrugs. Despite the fact that we get in contact with significant amounts of 
nanomaterials, the effects of these particles on human body are still unclear. 
Nanomaterials differ from conventional materials, so their biological effects are 
also significantly different. The toxicological characterization of nanoparticles 
brought to life a new, independent discipline: nanotoxicology. Nanotoxicology 
involves the physico-chemical characterization, in vitro serological and cell based 
testing of nanoparticles. Studying nanomaterials ADME testing is also essential. 
Sometimes these methods do not represent proper answers, as the results of these 
measurements are influenced by new characteristics. According to this fact we 
have to be careful analyzing the data in literature. All these things can raise 
problems in the regulatory processes, which are basic for producing and human 
application of the nanomaterials. Nowadays, there is a strong demand on 
standardizing the methods of characterization, validation, comparability, which are 
ensured by legislative sets of rules. 
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