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Abstract 
Nanoparticles have different properties than that of their bulk counterpart making 

them useful and ever more prevalent in a wide spectrum of areas. The Studies being 

carried out on the toxicological/immunological effects of nanoparticles (NPs) are 

increasing each year, however due to lack of studies to date and lack of regulatory 

guidelines regarding exposure to NPs, the immunotoxological effects of NP have not 

been fully identified. As the medical applications and consumer applications of 

nanomaterials are ever increasing the benefits and risks must be scrutinised in order to 

maximise the potentials. Potential risks must be identified to eliminate any uncertainty 

about their ability to cause adverse effects in the body. 

 

This report maps out the current knowledge base of immunotoxicological mechanisms 

of NPs; furthermore it investigates how NPs interact with particular parts of the 

immune system including epithelial cells, dendritic cells and macrophages.  

 

The main findings of this literature survey are that NPs are likely to cause different 

impacts depending on the type (engineered or natural) of NP and their properties such 

as size, shape, and chemical composition. To date there have been some studies 

completed that shows evidence for altered behaviour and toxicity in the nano-range. 

NPs do have immunotoxicological significance, as immune cells in the bloodstream 

and tissues do act to eliminate or interact with NPs. 

 

Although research has shown they do stimulate the immune system, and interact with 

immune cells, there is still a lack of coherent government regulations regarding this 

issue and standardised methods of toxicity testing must be established to avoid any 

ambiguity as to how they should be tested. Regulations allowing for the innovation of 

nanotechnology to continue, while at the same time ensuring public health, will 

benefit everyone. Considering this it is fair to say that more research is needed to 

investigate possible effects of NP in the immune system, to determine its underlying 

mechanisms and ultimately research needs to determine whether NP are a treat to 

human and environmental health. 
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Aims  
 
To gain a further understanding of the potential toxological risks of NPs and to 

provide a basic understanding of the influence  of nanoparticles on the immune 

system this thesis will attempt to answer the following questions. 

 

- What is the current knowledge base of the immunotoxicological mechanisms 

of NP to immune system? 

 

- How do NP interact with the immune system? 

 

- What is the future of nanotechnology with regards to regulatory matters and 

what precautionary measures are being taken or need to be considered? 

 

The main findings are structured into the following format as to answer the research 

questions 

 

Chapter One:  In order to ascertain what the current knowledge base is in relation to 

the immunotoxicological mechanisms of nanoparticles a literature review was carried 

out. This chapter will include a basic introduction and definitions and literature 

reviews on the use of NP. 

 

Chapter Two: This chapter will expand on chapter one with more details of 

nanotoxicity, the mechanism of toxicity and an introduction to the interaction of NP 

with biological systems. 

 

Chapter Three: Will include a basic introduction to immune system and show how NP 

interact with immune system, in particular interactions with epithelial, macrophage 

and dendritic cells.  

 

Chapter Four:  Will discuss some precautionary measures and guidelines from 

regulatory agencies that are in place or are being discussed with some comments and 

a conclusion.
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Chapter One 
 

1.1 Nanoparticles  

The term ‘nano’ originates from the Greek word for dwarf, and it means 10-9 (or 

=0.000000001). A nanometre is 1 x 10-9 m. To put that into context a human hair is 

10,000 to 50,000 nm, a single red blood cell is 5000 nm in diameter, viruses are a 

maximum of 10 to 100 nm and a DNA molecule is 2 – 12 nm in diameter. (Ostiguy, 

Lapointe et al. 2006). Nanoparticles (NPs) are defined as particles that range in size 

from 1-100nm and contain 20-15,000 atoms. Particles in this size category are in a 

category between individual atoms, and the related bulk material, and their properties 

such as electrical, thermodynamic properties are greatly modified at this nanoscale 

(Hochella 2002). NPs therefore exist in both quantum and on Newtonian scales (Liu 

2006).  They can also exist in many forms; spherical, tubular or irregularly shaped and 

can be in aggregated or agglomerated forms. Fig 1.1 illustrates how the NP fit into 

other size-dependent categories.  

 

 
Figure 1-1: Size Distributions of Various Particles.  (Lead et al , 2006) 
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1.2  Nanoparticle History  

The ‘nano-revolution’ that began with the famous Feynman Lecture in 1959 

(Feynman, 1992) entitled ‘Plenty of room at the bottom’ has expanded dramatically in 

the last 50 years. Continuing research in the exploitation of nanotechnology/ 

nanomaterials has resulted in a proliferation of these technologies into many areas of 

life. Today engineered nanomaterials are finding applications in areas as diverse as 

structural engineering, electronics, optics, consumer products, alternative energy, soil 

and water remediation, medical uses and numerous other commercial and industrial 

applications (Oberdorster, Stone et al. 2007). They can be found in many everyday 

items such as toothpaste, cosmetics, paint, stain resistant clothes, oils, lubricants, 

sporting goods, coatings and pigments, detergents and food products. Considering 

consumer products alone, there are over 600 products containing nanomaterials 

available on the market.  Figure 1.2 illustrates how the number of products available 

continues to increase steadily over the years, tripling in number from 2006- 2008 

(Scholars 2008). 
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Figure 1.2: The *umber of Consumer Products on Market Incorporating *Ps from 2006 - 2008. 

(Source http;//www.nanotechproject.org/investories/consumer). 
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1.3 The Future of Nanoparticles 

Globally, the annual funding into nanotechnology research and development from 

both government and industry is estimated to exceed  $(US)10 billion (Service 2005) 

and to have a current market value of $(US)45.5 billion (Hodge 2005). Organisations 

such as The National Science Foundation and The Nano Business Alliance predict the 

value of nanotechnology markets will rise to more than $1 trillion by 2010. One 

estimate for the production of engineered nanomaterials shows production increasing 

from 2000 tons in 2004 to 58,000 tons in 2011-2020 (Nowack and Bucheli 2007). 

These figures and projections show that the nanomaterials industry has significant 

socioeconomic, health and environmental benefits. However the increasing mass 

production and use of NP will eventually lead to their appearance in the environment, 

air, water, soil and organisms. Compounding this is the lack of regulatory guidelines 

in dealing with NP. This raises concern regarding potential human and environmental 

exposure, which needs to be examined further. However as NPs are being used in a 

diverse range of industries and have applications in so many areas a literature review 

is not only time consuming but also very challenging.  For example, it can be 

challenging due to the fact that there is an ever increasing amount of studies on NPs 

being published.  Figure 1.3 shows the returns on Omega (Omega gives access to the 

electronic collection of Utrecht University and contains 16 million articles published 

by Elsevier, Ebsco, JStor and Springer and others) using the keywords nanotoxicity, 

nanotoxicology and NPs. A dramatic rise in published articles can be seen from 2003 

onwards. 
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Figure 1.3: Amount of Articles on *anotechnology Published from 1970 to Present Day. (Graph 

created June 2008) 

 

 

1.4  Nanotoxicity 

The major unprecedented health and environmental problems arising from asbestos, 

polychlorinated biphenyls (PCB), chlorofluorocarbons (CFC) and persistent organic 

pollutants (POP) have made researchers and the public aware of risks that could be 

associated with new technologies and novel materials and it has been recognised that 

research is required in this area, thus studies and research into NPs is an example of so 

called ‘future proofing’ to maximise potential of NP and make it sustainable. To 

ensure that we receive the maximum benefits from nanotechnology we must 

guarantee there is minimal risk to health and environmental impacts. An 

understanding of how NPs are taken up in the body, how they are distributed,  if they 

incite an immune response and how they are cleared from the body is thus important. 

The benefits of this early knowledge coupled with public confidence will be in the 

safe application and use of these nanomaterials.  
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Chapter Two 
 

2.1 Nanotoxicity 

Study of the toxicity of nanomaterials or ‘nanotoxicity’ has evolved from the 

knowledge gained in air pollution studies, in the studies of ultrafine particles (UFP) 

from particulate toxicity studies and from colloids in aquatic/terrestrial systems 

(Oberdorster, Oberdorster et al. 2005). These studies have shown that it is the smallest 

fractions the PM 2.5 and UFP (100 nm) that are the most toxic on a per mass basis. 

(Kappos et al, 2004). Although it was not until the 20th century that it was realised that 

very small particles can be associated with distinct biological effects (Dockery et al, 

1993) and while toxicity studies relating to air particulate matter are now 

commonplace,  there  is still a lack of data on the toxicity of engineered NPs as they 

offer more challenging problems due to their structure and properties.   

 
The study of the toxicity of nanomaterials is essential in understanding the 

interactions of NPs with biological systems. In particular it is important to ascertain if 

there is any relationship between the physico-chemical properties of NP and the 

induction of any toxic responses in biological systems.  

 

2.2 Factors that influence nanotoxicity  

The ability of NP to interact with a biological system will vary depending on their 

individual physicochemical properties. The properties of NPs differ considerably from 

those of the bulk materials of the same composition. The physicochemical properties 

in question are: small particle size, size distribution, specific surface-area, surface 

structure, molecular and crystal structure and chemical structure (including surface 

coating) physical form, particle density, solubility, colloidal stability, bulk density, 

agglomeration state, porosity and surface charge (Terry Medley et al. 2007) 

(Oberdorster, Maynard et al. 2005). NPs can possible affect biological systems in 

many ways, for example Fisher and Chan (2007) point out that the breakdown of NP 

could lead to a unique toxic effect that is difficult to predict; that NP surfaces are 

involved in many catalytic and oxidative reactions and that some NP contain metals, 

compounds or contaminants with known that could educe a toxic response.  Size and 

the related surface area of NPs are one of the most novel features of NPs. It is a 
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characteristic that has been given much attention and has been researched to a large 

extent, thus the next section will focus more in-depth on this aspect of NP 

nanotoxicity. 

 

Size and surface area 

The small size of NPs gives it increased opportunity for uptake into biological 

systems, allowing entry for example into tissues, cell organelles and functional 

bimolecular structures. This assumption arises from the fact that the size of the NPs 

are similar to many biological molecules, thus allowing NPs to enter biological 

systems.  

 

As the size decreases, the surface area per unit mass increases and so forces such as 

gravity become insignificant compared with those of surface forces like van der 

Waals, electrostatic forces and chemical bonding, so as the size of the particle 

decreases and the surface area increases more of its atoms or molecules are exposed to 

the surface rather than the interior of the material. It is these surface atoms or 

molecules which play a main role in determining properties. Therefore it can be said 

that the small size of these particles has toxological implications. For example data 

from a pulmonary toxicity study in rats shows that exposures to NPs result in 

enhanced toxicity responses when compared with micro-sized particles with a 

comparable chemical composition (Donaldson, Stone et al. 2001; Oberdörster 2000), 

suggesting that the NPs may have a greater biological activity than larger molecules. 

The positive effects of this phenomenon is in creating novel ways of enabling drug 

delivery, but it may also have possible negative toxic effects, as the interaction of NP 

with subcellular structures may be different from that of the bulk material ( i.e. 

uniform particles of similar/same chemical make up but of a larger size). It is 

therefore important when considering dose and effect that these properties such as 

size are considered (Oberdorster, Stone et al. 2007).  

 

The size of NPs is one of the physicochemical properties which make them promising 

in some medical applications. For example, the use of NPs in areas such as HIV 

treatment, imaging, as platforms for drug delivery and NPs as use in biosensors are all 

applications being researched. A lot of these applications require NPs to be produced 
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with coating or attached to functional molecules; this is another factor that needs to be 

considered as studies have established that functional molecules or coatings added to 

NPs may also account for toxicity (Fischer, 2007). Engineering NPs in this way may 

also mean the final metabolic fate or behaviour will be even more illusive to 

determine.  So the size of the NP is important but also the way the particle is created 

and how it is treated can have an effect on the overall toxicity in biological systems. 

 

Some studies have suggested that the toxicity of NPs cannot only be explained by 

their larger surface area alone and so other properties such as surface characteristics, 

size and shape must also be considered ( Yang, L. & Watts, D. J.  2005). This is one 

reason why it is essential in toxicological studies to characterise the test NP to its full 

extent in order to understand the characteristics that may elicit a toxic response and 

elucidate the mechanism of this toxic action.   

 

2.3 Evidence of nanotoxicity in humans 

To date there have been some studies completed that shows evidence for altered 

behaviour and toxicity in the nano-range. Recent studies have found associations 

between NPs and respiratory/cardiovascular effects resulting in morbidity and 

mortality. Seaton and MacNee (1995) hypothesized that inhaled NPs cause 

inflammation and increased risk of heart attack in people who where made vulnerable 

by coronary artery disease (Seaton et al., 1995). NPs may translocate from the lungs 

to the blood, where they might interact with endothelium to cause adverse effects 

(Nemmar et al. 2004). Some of the cardiovascular effects of particulate pollution 

suggest an autonomic reflex (Liao et al. 1999) which suggest NP may stimulate or 

even penetrate nerves. This is a theory supported by Oberdorster et al (2004) who 

showed that in rats, NPs pass via the olfactory nerve to the brain (Oberdorster, Sharp 

et al. 2004). In addition studies found the ability of NP to produce ROS and can 

induce lung injury (Oberdorster, Maynard et al. 2005) and (Donaldson, Stone et al. 

2004). In vitro studies showed proinflammatory and oxidative stress changes to gene 

expression and cell signalling pathways. There has furthermore been studies that 

demonstrates nanosilver toxicity to mammalian liver cells (Hussain, Hess et al. 2005) 

and nanotoxicity to stem cells (Braydich-Stolle, et al. 2005) and brain cells (Hussain, 

Javorina et al. 2006). 
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It is exactly these qualities, which give them a potential toxic nature in biological 

systems (Nel, Xia et al. 2006). This is an important issue, as, if the toxicity of 

nanomaterials cannot be inferred from the risks associated with its bulk counterpart, 

then each nanomaterial must receive dedicated safety/toxicity testing as a minimum 

insurance of safety until more generalised models are available.  

 

2.4 Immunotoxicity  

As NPs are being increasing used not just in consumer products but in medical 

applications (e.g. - detection of biomolecules, nanocatalysts, drug delivery and 

imaging) there has been an increase in interest in the immunotoxicological properties 

of NPs. When considering any immune response it is also important to consider how 

NPs actually enter the body.   

There is a well documented research regarding inhalation of NPs, where it has been 

shown that ultrafine particles can cause a higher inflammatory reaction in the lung 

tissue of rats than larger particles made from the same material (Donaldson et al., 

2002; G. Oberdorster, 2001), but also of interest is how NPs may absorb through skin 

and entry via the gastro-intestine tract and the fate of these NPs once in the body.  

Normally foreign substances that enter the bloodstream can indicate an immune 

response. However particles smaller than about 200 nm may pose problems for the 

immune system. (Hett et al., 2004) This results in NPs travelling freely in the blood 

through the body.   
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 Chapter Three 
 

3.1 Background information on immune system 

The immune system is a network of cells and tissues and organs that work as the 

bodies defence system. It is a collection of responses designed to defend the body 

from foreign invaders or antigens. It does this by identifying and killing the antigens 

with a set of layered defences of escalating specificity. The first line of defence the 

body has in identifying and eliminating antigens is the skin. It acts as a physical 

barrier to invading antigens. Once past the skin antigens are presented with a 

physiological barrier, such as pH and temperature etc. Next antigens having entered 

the body are dealt with by the innate immune system and by adaptive immune system 

(Mayer, 2006). 

If an antigen enters the body and activates the innate immune system there can be a 

range of results inflammation can occur or the so called ‘complement system’ can be 

activated, which is an enzyme cascade that attacks the surfaces of foreign cells using 

antibodies. Another action of the innate immune system is the production of   

leukocytes (or white blood cells). Leukocytes develop from stem cells that mature into 

one of the five major types of white blood cells phagocytes (macrophages, 

neutrophilis and dendritic cells), mast cells eosinophils, basophilis and natural killer 

cells.  

 

The adaptive immune response is antigen-specific and requires the recognition of 

specific antigens. Antigen specificity allows for responses that are tailored to specific 

pathogens. Thus the innate immune system has an immediate but non-specific 

response; however it can activate the adaptive response. Both systems consist of many 

immune cells that interact with each other to defend the body against the antigen in 

question. These immune cells begin as stem cells (from bone marrow). Immune cells 

are covered with receptors which enable them to either physically bind pathogens or 

bind to other immune system cells or molecules to enable an immune response. 

(Janeway, 2005) 
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3.2 Interaction with the Immune system 

NPs have the ability to stimulate or suppress the immune system. Most interaction is 

by NP binding to proteins in the blood. NP-protein binding occurs almost 

instantaneously once the particle enters biological medium (Dobrovolskaia, 2007). 

This binding or uptake by the immune cells is influenced by many factors. Different 

NPs have been shown to act on different pathways and also it can be dependant on the 

structure and chemistry of the particular NP (Dobrovolskaia, 2007). Fig 1.4 illustrates 

a graphical depiction of how NP’s depending on size charge etc can generate different 

immune responses.  

 

 
Figure 1.4: *P properties determine their interaction with the immune system. (Dobrovolskaia, 

2007) 
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The ability of NPs to cause an immune response also depends on which immune cell 

the NP stimulates or interacts with. Thus it is essential to understand the different 

types of immune cells that make up the immune system and how NP can interact 

separately with these individual immune cells.  

 

Epithelial cells. 

Epithelial cells (ECs) are closely packed cells that can be in many forms (for example  

elongated or ciliated) and can make up several layers to form tissues. This epithelial 

tissue forms the covering or coating of all internal and external body surfaces and acts 

as a physical barrier against NP entry. It can further be helped by being ciliated, as 

ciliated epithelium can assist in removing NPs and particles which may have entered 

the air passages.   

 

The interaction of NP with epithelial cells will depend on their route of entry. 

Inhalation of NPs is the mechanism most widely researched, thus the interaction of 

NP with ECs in the lungs is of interest. Recent studies have found that inhaled NPs 

can enter cells. Many NPs can deposit in the respiratory tract where they have been 

associated with oxidative stress related inflammatory reactions (Borm PJA, 2006). A 

recent study investigated the level of intracellular oxidations after exposure to various 

metals containing silica NPs. It was found that the particles could enter cells and 

provoked a much higher rate of oxidative stress when compared to reference cultures 

exposed to aqueous solutions of the same metals (Ludwig et al., 2007). Of particular 

interest in this region are insoluble NPs of which only a small fraction will interact 

with alveolar macrophages (immune cells that clear inhaled particles). The remaining 

NPs may be taken up by the cells of epithelium. Translocation from lung to blood 

must therefore be considered.  

 

But other studies have revealed that many other important routes of entry. There have 

been reports of NP uptake via the olfactory epithelium into the brain (Borm et al., 

2006). They may enter the body via the intestinal tract and then translocation from 

these sites to other parts of the body. Absorption through the skin is of major 

importance as many NPs are incorporated into many cosmetic topical products (Hoet 
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et al, 2004). Some studies on absorption via skin have been conducted however these 

studies are not based on living human skin and thus are of limited significance (Hett et 

al., 2004). Saenz (2008) shows evidence that ECs at mucosal surfaces may not only 

act as a barrier in preventing NP toxicity but may also initiate the innate and adaptive 

immune response.  

 

Innate Immune response 

It was in 1900’s that the first report of immune effects of engineered NP’s were 

reported. When it was shown that functionalised fullerenes could induce antibodies 

and the resulting IgG response was directed at these fullerenes (Erlanger et al. 2005). 

In the case of medical applications NP’s can be introduced directly and deliberately 

into the body and thus the immunotoxicological implications of these NPs must be 

fully ascertained. 

 

More recent studies include examples such as Pulskamp (2006) who exposed CNT’s 

to rat and human macrophages and looked at the effect on cell viability, induction of 

oxidative stress and release of inflammatory mediators (Pulskamp, 2007). They found 

that CNT’s had the ability to cross the cell membrane and showed by TEM that the 

CNTs accumulated in the cytoplasm or organelles of macrophages and epithelial cells 

and concluding that the particles may interact with the cell physiology and cellular 

mechanisms. However it was ultimately found that no toxicity on cell viability was 

observed.  Even after long-term incubation to CNTs with 100 ug/ml for up to 72 h the 

cell viability was still 70–80%. None of the CNTs induced the inflammatory 

mediators. They did see a dose- and time-dependent increase of intracellular reactive 

oxygen species (ROS) with commercial CNT’s as opposed to purified CNT’s. 

Concluding that their potential to induce oxidative stress is likely due to their content 

of impurities or trace metals associated with the commercial nanotubes.  

 

Other studies looked at the concept that PM exposure is known to induce airway 

inflammation. One study (C de Haar et al, 2006) investigated the role of particle size 

on induction of airway inflammation and allergic sensitisation using fine and ultrafine 

titanium dioxide and carbon black particles in mice. The induction of airway 

inflammation and the immune adjuvant activity was studied in the lungs and ‘lung-
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draining peribronchial lymph nodes (PBLN) (C de Harr et al., 2006). The results 

indicated that ultrafine particles are more potent than fine particles in inducing airway 

inflammation and stimulating immune responses when used at the same mass dose. 

This has serious implications for NP’s in medical devices. Understanding the 

mechanisms of action will allow us to exploit NP for benefit, and help avoid any 

toxicity issues that may arise.  

 

Dendritic Cells 

Dendritic cells (DCs) which originate in the bone marrow and usually reside in the 

tissues function as antigen presenting cells by helping T lymphocytes recognize 

foreign antigens by recognizing antigen material and present it on the surface to other 

cells of the immune system. DCs are the bodies’ main form of antigen-presenting 

cells having a unique ability to induce immune responses. The method by which 

dendritic cells interact with NP can be exploited resulting in interesting medical 

applications.  One example is the use of NPs as tools to induce immune responses 

allowing antigen – loaded NPs the potential to be used as vaccine delivery systems.  

As can be shown by a study that looked at the effects of Ag-biodegradable poly( -

glutamic acid) ( -PGA) NPs on the induction of immune responses in mice.  It was 

found that the NPs were efficiently taken up by DCs and localised in the lysosomal 

compartments. They induced immune responses such as cytokine production and 

increase of T cells (Uto et al., 2007).  These results suggest that Ag-carrying -PGA 

NPs are capable of inducing strong cellular and humoral immune responses and might 

be potentially useful as effective vaccine adjuvants for the treatment of infectious 

diseases (Uto et al., 2007). Another study looking at this effect studied whether gold 

NPs (6 nm) affect DCs, looking at morphology, viability, expression of cytokines and 

other immune responses. Experiments revealed that both morphology and viability 

were almost not affected by the gold NPs and concluded that gold NPs have the 

potential to be used as inert carriers in biomedical applications.  

An application of this is in cancer research. It has been demonstrated that magnetic 

iron oxide NPs injected into dendritic cells can be used to track the migration of these 

cells using magnetic resonance imaging (MRI). Immature dendritic cells (IDCs) can 

naturally take up iron oxide NPs in amounts that are sufficient to make these labelled 



Toxicology and Environmental Health 

 18 

cells visible in an MRI scan. The investigators concluded that MRI imaging done in 

conjunction with dendritic cell therapy could improve the success rate of the therapy 

by ensuring that the therapy is administered correctly. The researchers also questioned 

whether inadequate delivery of dendritic cells to lymph nodes in the first previous 

treatments account for the poor response rate to normal dendritic cell therapy 

(Magnani et al., 2006). 

Macrophages 

Macrophages have a crucial role in the immune response (Mayer, 2006).  

Macrophages originate from specific white blood cells. In the early stages they have 

several different functions.  They act in both non-specific defenses as to help initiate 

specific defense mechanisms. Their role is to engulf and then digest pathogens and to 

stimulate other immune cells such as T cells and B cells to respond to antigens.  

 

Once it is understood how macrophages interact with NPs there is hope that NPs can 

be designed to avoid macrophage destruction allowing new drug delivery systems to 

be designed. Various surface coatings and compositions have been hypothesized and 

tested against macrophage uptake. As an example NPs coated with the biocompatible 

polymer poly(ethylene glycol) had the lowest percentage of uptake by macrophages 

when compared to other NPs with either a negative or positive charge on their 

surfaces (Zahret al., 2006). Alveolar macrophages are a key cell in dealing with 

particles in the lungs and in determining the response to that particle exposure. One 

study investigated the responses of a type II epithelial cell line NP exposure in terms 

of secretion of chemotactic substances capable of inducing macrophage migration. It 

was found that exposure of type II cells to carbon black NPs resulted in significant 

release of macrophage chemoattractant compared to the negative control and to other 

dusts tested (fine carbon black and TiO2 and nanoparticle TiO2) (Barlow et al., 2005). 

Presumably to aid in the rapid accumulation of inflammatory cells to sites of particle 

deposition and the removal of the particles by as macrophages. The above reports on 

NP interaction with different aspects of the immune system response show that  NP 

do have a immunotoxicological significance, as immune cells in the bloodstream (eg 

dendritic cells) and tissues do act to eliminate or interact with  NPs.  
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NP protein binding occurs once the particle enters the body and the physical 

properties of the resulting particle protein complex are important in that they may 

contribute to different biological responses. The NP’s interaction with the blood and 

tissues may influence uptake and clearance and hence potentially affect distribution 

and delivery to the intended target sites. It is a complex system Oberdorster et al.  

(2007)  proposed this graphical mechanism of what might be occurring in the body.  

 

 

 

The diagram shows the potential effects of NP with emphasis on potential oxidative stress induced 
effects and their consequences. (A) Particle-associated characteristics induce lipid peroxidation, 
intracellular oxidative stress and increased cytosolic calcium ion concentration; (B) NP may be actively 
endocytosed via different mechanisms, including caveolae, clathrin coated pits, or receptor mediated 
mechanisms. In phagocytic cells phagocytosis triggers activation of NADPH oxidase and generation of 
ROS; (C) Particles and their associated metals, as well as oxidative stress, can activate the EGF 
receptor; (D) Oxidative stress, receptor activation and increased calcium ions activate transcription of 
pro-inflammatory genes via transcription factors such as NF-kB; (E) NP may enter the cell by passive 
diffusion and remain non-membrane bound from where they may enter mitochondria; (F) and disrupt 
normal electron transport leading to oxidative stress. (G) Free particles may also enter the nucleus via 
the nuclear pore complex and interact with the genetic material. (H) Lipid peroxide-derived products 
such as 4-hydroxy nonenal form DNA adducts that may lead to genotoxicity and mutagenesis. (Note 
that particle and cell structures are not to scale). 
 

Figure 1.5: Hypothetical cellular interactions of *P (Oberdorster et al., 2007) 

 

Thus the fate of NPs in the body (once in the body) and uptake by the immune cells is 

influenced as mentioned before by many factors. Different NPs have been shown to 

act on different pathways and various characteristics/properties also affect which 
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pathway. By studying and understanding these factors we can begin to exploit NP for 

our advantage in the body as mentioned previously another example is an 

experimental NP called CALAA-01 which naturally accumulates in tumours. It can be 

designed to go directly to the receptor commonly found on cancer cells, once in the 

cell a chemical sensor within the NP responds to the low PH and triggers the release 

of siRNA molecules that can block transcription pathways vital to the cancer cell 

(Heath et al., 2009). 
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Chapter Four 
 

3.1 The Future of Nanotechnology. 

As has been discussed there have been some studies that show toxicity in the nano 

range and although there is great potential in the exploitation of NPs there is also 

concern regarding the risks to human health. In summary, NPs are likely to have 

different impact on the immune system depending on their size, shape and chemical 

composition. Thus it seems erroneous to simplify or generalise about the effect of NPs 

on the immune system because NPs have such different characteristics and thus will 

affect the immune system in different ways. Even so, it is true to say that the ability of 

NP’s to initiate an immune response and/or to bioaccumulate is the biggest risks and 

ultimately this is what needs to be assessed.   

 

Regarding the research that has been conducted to date it is fair to state that both 

industry and government are aware that there may be risks associated with NP 

exposure, but when it comes to regulations or guidelines, nanotechnology seems to be 

a low priority among regulatory bodies. This can be seen by a lack of any coordinated 

governmental (or intergovernmental) response. As NPs become of increased use in 

industry this situation may soon be reversed and the current method of waiting for 

more scientific research before taking any direct precautionary measures may not 

seem so attractive. There is a fundamental need for regulations. Some reports 

advocate the creation of a separate and specific regulation on nanomaterials, stating 

that only new legislation can be adapted to the unique properties of nanotechnology.  

New regulations in my opinion however may not necessarily be the best way forward. 

The time delay in creating new legislation may actually stifle the innovative process.  

 

The approach that has been adopted by the European Commission (EC) is an 

“incremental approach” which focuses on adapting existing laws to regulate 

nanotechnologies (Franco et al., 2007). This method adopts a life cycle approach 

looking at the ‘production, extraction and refining, manufacturing, use and disposal of 

nanoparticles in relation to human and environmental health’. The EC however has a 

duel role in not only protecting its citizens and the environment but also in promoting 

nanotechnology. Having said this however preliminary findings do indicate that this 
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EC incremental approach takes into consideration most routes of exposure (Franco et 

al., 2007).  However, it remains clear that there is still a large knowledge gap that 

needs to be filled before we can begin to work safely with nanoparticles. How they 

behave once they enter the body and how they work to stimulate the immune system 

is one of these gaps that is beginning to close but a lot yet remains to be discovered.  

 

There are many groups looking at how to reduce potential to cause harm and this may 

be the way ahead - so called future proofing of NPs. Once we know more about the 

specific interactions of NP with the immune system we can engineer NP’s to be safer 

allowing for increased use in the medical field. The future of Nanotechnology can be 

predicted to make stronger materials, make computers faster and hopefully they will 

be used in medicine to cure more diseases 

 

3.2 Conclusion 

 
The only way to best maximise the potential of NP is for regulatory authorities, 

industry and scientists to work together in determining what kind of precautionary 

measures are necessary. It has been shown that NPs can stimulate the immune system 

in some way. This is not surprising when considering that the body has been exposed 

to NP in some form for thousands of years, and so we may be inclined to think the 

body can deal with this threat. However the increase in production of engineered NP 

offers a new challenge. Now that NPs are being increasingly incorporated into so 

many products and used in medial products where they are deliberately being entered 

into the body, it is essential to understand the specific immunotoxicological 

mechanisms of NPs. Some in the past have called for a moratorium until more 

knowledge exists on NP. However to date it seems that the potential benefits 

outweighs the risks, especially in regard to the medical research involving NPs. Thus 

perhaps a more balanced approach is required.  One suggestion would be to treat each 

NP separately, looking separately at the effects and to then take a REACH approach 

and asking for data before approving NPs for use in products. The gain in this 

knowledge will allow ‘future proofing’ of NP allowing for reduced toxicity and thus 

maximising benefits. Tailor making NPs with reduced immunogenicity can also allow 

NPs to be used in medical applications and drug delivery systems. Consequently, 
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more research is needed because of the new unknown chemical and physical 

properties of NPs, which are not comparable to “regular” bulk material used in 

industry in the past.  
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