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ABSTRACT 
 

Nanoparticles (NPs), owing to their small size, possess special activities and 

biodistribution and have recently been shown to impart various types of biological 

responses in the body. Thus, there is a need to manage their associated risks. The issue is 

not only with atmospheric ultrafine particles but also engineered nanomaterials, which 

are encountered through occupational and environmental exposure. Recent studies have 

suggested that NPs can directly affect the body. It has also been shown that exposure to 

NPs during pregnancy can affect the developing fetus and future offspring. Nano-sized 

particles (<200 nm in diameter) are transferred from the pregnant body to the fetus and 

remain in the offspring body even after its growth. Exposure of pregnant animals during 

gestation to various types of NPs (approximately total of >200 g/kg [body weight] has 

been reported to affect the brain, liver, kidney, and male reproductive system of 

offspring. Recently, the authors found that brain perivascular macrophages and 

surrounding astrocytes are some of the most sensitive cells to NP exposure during the 

prenatal period. The alteration of their phenotype induced by NP exposure is similar to 

that observed in animals of advanced age. Future investigations are required to elucidate 

the mechanism underlying the developmental toxicity of NPs and to establish strategies 

to reduce the risks associated with exposure. 
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THE ORIGINS OF CONCERNS ABOUT THE HEALTH EFFECTS  

OF NANOPARTICLES 
 

In recent years, a number of different industries have considered the advantages of 

nanosizing materials for technological development. Nanosizing pertains to the act of scaling 

down a material to a nanometer scale (1 nm is equal to one billionth of a meter). When 

materials such as titanium dioxide (TiO2) become extremely small in size, they gain a large 

specific surface area (surface area to unit mass), and thus become highly active, with the 

potential for industrial use (Oberdörster et al. 2005). Nanoparticles (NPs) not only include 

highly active materials, but also materials such as carbon nanotubes, which offer unique 

electrical properties and outstanding textile-material properties. 

Despite technological advancements in reducing the size of materials, some concerns 

have been raised with regard to the production and use of NPs. Since 2000, it has been 

asserted that physical contact with NPs may affect biological systems in ways that were, at 

that time, unknown. The health effects of micro-sized (fine) particles had been earlier 

identified in studies on targeted atmospheric suspended particulate matter (SPM). In terms of 

the health effects of SPM, a positive correlation was identified, through epidemiological 

research, between atmospheric SPM concentration and the incidence rate of respiratory 

diseases and the number of people dying from cardiovascular diseases (Schwartz and Marcus 

1990). Furthermore, the United States Environmental Protection agency showed evidence 

indicating that SPM with a fraction of less than 2.5 µm (PM2.5) could impart major adverse 

health effects (United States Environmental Protection Agency 2009). Thus, these tiny 

particles of small mass are highly active and may pose health problems. The above findings 

have therefore fueled research efforts to elucidate the adverse effects of NPs. 

 

 

FINDINGS REGARDING THE HAZARD ASSESSMENT  

OF NANOPARTICLES 
 

The adverse effects of NPs have been reported in studies using cell cultures since 2000 

(Schöler et al. 2000; Shvedova et al. 2003). Cell culture-based studies show that the 

introduction of NPs resulted in an increased level of oxidative stress and that exposure to 

significantly larger volumes of NPs could potentially induce cell death (Nel et al. 2006). 

Physicochemical reactions, including the catalyzing of reactive oxygen species, absorption, 

and the denaturation or degradation of proteins on the particle surface, appear to be important 

(Nel et al. 2006) because the biological response to fine and ultrafine (nano-sized) particles is 

well-correlated to the surface area of insoluble particles (Oberdörster et al. 2005). 

At the same time, studies also showed that the administration of high doses of NPs 

(fullerene) to animals (firstly fish) resulted in acute tissue injuries (Oberdörster 2004) and that 

NPs are capable of denaturing biomolecules (i.e., proteins and fats) by assisting the nucleation 

of proteins by particle surfaces (Linse et al. 2007). 
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The use of NPs, also called engineered nanomaterials, has raised concerns regarding their 

safety and adverse effects because their improved functionality and reactivity may also affect 

the body. For example, studies have shown that when carbon black nanomaterials were 

administered to mice, smaller particles induced a greater inflammatory response in the brain 

(Tin-Tin-Win-Shwe et al. 2006). 

The small size of NPs facilitates effective biodistribution in the body, which is currently 

considered to be a major health concern. Nano-sized particles, especially those with a particle 

size of <100 nm, can easily reach the deeper regions of the lungs (alveoli) when inhaled 

(Oberdörster et al. 2005), and thus may reach the extrapulmonary organs through the 

circulatory system (Kreyling et al. 2002; Oberdörster et al. 2002). Oral intake of NPs may 

result in their transport to the liver by intestinal absorption via the portal vein. On the other 

hand, experimental and simulation research has suggested that intravenously injected 

quantum dot, a nanomaterial of 13 nm in diameter, was distributed to the kidneys rather than 

the liver during a long period (6 months) (Yang et al. 2007; Lin et al. 2008). 

Furthermore, studies have suggested that NPs with a diameter of <6 nm can be cleared 

efficiently by the kidneys (Choi et al. 2010). The finer details on NPs of relatively small 

particle size remain unclear; however, these findings suggest that a fraction of NPs, of 10-100 

nm in hydrodynamic diameter, may be effectively uptaken by cells and biological organs and 

escape the clearance system with relative ease. 

The transdermal permeability of nanomaterials has been a major area of investigation, 

because some materials (i.e., TiO2, zinc oxide and silica) are commonly used in cosmetics and 

sunscreens. Previous studies have shown the skin penetration of nano-sized quantum dot 

(Mortensen et al. 2008; Ryman-Rasmussen et al. 2008). Well-dispersed amorphous nanosilica 

(particle size: 70 nm) may penetrate the skin barrier and has caused systemic exposure in the 

mouse (Nabeshi et al. 2011). On the other hand, a number of reports have concluded that 

nanomaterials cannot penetrate healthy skin (Cross et al. 2007; Zhang and Monteiro-Riviere 

2008; Zvyagin et al. 2008; Kiss B et al. 2008; Gopee et al. 2009). 

Care must be exercised, given that it is currently difficult to analyze NPs quantitatively 

with a high degree of sensitivity. The physicochemical properties and dispersing conditions of 

NPs should also be considered in evaluating their skin penetration capabilities. 

Current research efforts have focused on assessing the effects of NPs on human health 

based on the actual quantities of nanomaterial exposure. From this perspective, it is essential 

to examine the chronic effects caused by exposure to low doses of nanomaterials. Chronic 

effects are well-studied in regard to inhalation exposure: the inhalation (6 hr/day for 13 

weeks) of silver NPs exerted toxicity on the lung and liver tissues at dose of >100 µg/m
3
 

(Sung et al. 2009). 

It was also shown that, in mice, the intratracheal instillation of TiO2 NPs increased T-

helper type 2 cytokine (interleukin [IL]-4, IL-5 and IL-10) levels in the blood and 

bronchoalveolar fluid and B cell distributions both in the spleen and in blood; thus possibly 

causing chronic inflammatory diseases through the Th2-mediated pathway in mice at 14 days 

post-instillation (Park et al. 2009). Since the genotoxicity and carcinogenicity of 

nanomaterials, such as TiO2 (Trouiller et al. 2009) and carbon nanotubes (Takagi et al. 2008; 

Poland et al. 2008), have been also reported, further investigations are required to clarify the 

mechanism of occurrence and methods to prevent the adverse effects of these particles on 

human health (Tsuda et al. 2009; Singh et al. 2009). 
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DEVELOPMENTAL EFFECT OF ENVIRONMENTAL FACTORS − 

DEVELOPMENTAL ORIGINS OF HEALTH AND DISEASE 
 

The effects of environmental factors on the developing fetus are a major issue in human 

health. Since the 1960s, such problems have prompted society to confront these issues; for 

example, in the field of medicine, congenital Minamata disease (Harada 1978), and in 

pharmacology, the outbreak of the thalidomide disaster (Lenz and Knapp 1962; Woollam 

1962). That the developing embryo could be highly vulnerable to certain environmental 

agents, even those that have negligible or non-toxic effects on adult individuals has evoked a 

great deal of attention from the scientific community and the public. The effects of drinking 

alcohol (Ulleland 1972) and cigarette smoking (Haglund and Cnattingius 1990) during 

pregnancy are also major issues in hygiene science. With regard to alcohol, ethanol in liquid-

form crosses the placental barrier and can stunt fetal growth and weight, damage neurons and 

brain structures, and cause other physical, mental or behavioral problems. 

Previous studies have suggested the fetal and early developmental origins of adult disease 

to be influenced by the thrifty phenotype hypothesis (Hales and Barker 1992), having also 

been published as a theory (Barker 1995). Since nutritional intake during pregnancy was first 

identified as a factor affecting fetal development (Barker et al. 1993), it has been shown that 

the environment which the fetus senses indirectly through the mother is closely associated 

with reproductive and child health outcomes (Wigle et al. 2004). This has led to the proposal 

of a hypothesis on the ―early developmental origins of adult disease‖ (Ozanne et al. 2003). 

By the late 1990s, attention was focused on the exposure of pregnant mothers to 

atmospheric environmental factors, including particulate matter (Dejmek et al. 1999). 

Nanomaterials can likewise be considered an environmental factor which affects the offspring 

through prenatal exposure and should, therefore, be treated carefully. 

What are the effects of nanomaterial exposure on an unborn child? The exposure of a 

developing fetus to NPs may result in a more pathognomonic effect known as developmental 

toxicity. 

The potential for a pregnant mother‘s nanomaterial exposure to affect the next generation 

is thus an issue that demands a great deal of attention (Ema et al. 2010). Recently, research 

studies involving animals that were exposed to NPs during pregnancy have shown that these 

small particles impart an effect on the offspring. 

 

 

DEVELOPMENTAL TOXICITY OF NANOPARTICLES − THE EFFECTS OF 

NANOPARTICLES ON THE NEXT GENERATION 
 

Inhaled atmospheric particulate matter affects not only the airway as shown in 

epidemiological (Gamble et al. 1987) and experimental animal model studies (Takano et al. 

1997), but also the circulatory system (Gordon et al. 2000; Vincent et al. 2001; Harder et al. 

2005; Upadhyay et al. 2008), reproductive system (Yoshida et al. 1999; Watanabe and 

Oonuki 1999), placenta (Fujimoto et al. 2005) and the development of fetus in utero. In fact, 

several recent studies in murine models have shown that inhalation exposure of pregnant 

animals to diesel exhaust containing ultrafine particles, which are composed of elemental 

carbon core and multiple chemical compounds, resulted in decreased reproductive function in 
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male offspring (Xu et al. 2009; Ema et al. 2013). Impaired Sertoli cell ultrastructure and 

mitochondrial damage were also shown in mouse prenatally and postnatally exposed to diesel 

exhaust (171 mg/m
3
, 8 hr/day) (Kubo-Irie et al. 2011). Although further investigations are 

required to determine the extent to which NPs may contribute to the risk of infertility in 

humans, these findings have emphasized that NP exposure can result in a long-term decrease 

in the reproductive capacity of male offspring. In female offspring, prenatal and postnatal 

exposure to diesel exhaust has been shown to enhance the development of endometriosis in a 

rat model induced by the autotransplantation of endometrium. In the endometriosis model, 

diesel exhaust exposure enhanced the persistence of allergic reactions, including the 

infiltration of mast cells (Umezawa et al. 2011) and development of interstitial stromal 

proliferation in lesions (Umezawa et al. 2008). The biological effects of engineered 

nanomaterials on individual organisms of the next generation were first reported by Fedulov 

et al. (2008). This study was based on data that showed that the exposure of pregnant mice to 

TiO2 NPs accentuated airway hyper-reactivity in the neonatal offspring mice. The authors 

stated that TiO2 was used as a negative control to ascertain the toxicity of diesel exhaust 

particulates and that TiO2 NPs caused this effect was thus unexpected. TiO2 has frequently 

been used as a white pigment for a wide range of products including paints, inks, plastics, and 

food. In a 2005 review of the literature, Dr. Gunter Oberdörster and colleagues warned that, 

―The health impact of nanoparticles has been a focus of much research, because the small size 

of nanoparticles can bestow high reactivity and unique translocational properties (Oberdörster 

et al. 2005).‖ It was then verified that NPs can transfer from the pregnant mother to the 

offspring (Takeda et al. 2009). After subcutaneous injection of TiO2 NPs (25−70 nm in 

diameter) to pregnant mice for hazard characterization, the presence of TiO2 agglomerates 

(<200 nm in secondary diameter, observed under transmission electron microscopy) was 

confirmed in the offspring brain and reproductive system (testes) by element identification 

using field emission-type scanning electron microscopy/energy dispersive X-ray spectrometry 

(FE-SEM/EDX) (Takeda et al. 2009). The levels of distribution and accumulation of TiO2 

NPs in offspring were dependent on the doses (cumulatively 0.5−500 µg/mouse) administered 

to the pregnant mice (Kubo-Irie et al. 2014). 

Research using ex vivo human placental tissues has shown an inverse correlation between 

the permeability of spherical polystyrene particles through the placenta and particle size, with 

a significant amount of particles with a diameter of <240 nm passing through the placenta 

(Wick et al. 2010). These results suggest that the smaller the particle size of the nanomaterial, 

the easier it will be for the nanomaterial to pass through the placenta, where the material can 

directly affect the developing fetus. Of course, the capability of nanomaterials to cross the 

placenta appears to depend not only on particle size but also on its chemical composition or 

surface coating, because the transfer through the placenta of polyethylene glycol-coated gold 

particles (10−30 nm in diameter) was not detected (Myllynen et al. 2008). The rate of gold-

colloid NPs (5 and 30 nm in diameter) transferred to the fetus was very small: 0.018 and 

0.005%, respectively, of the administered dose per litter (24 hrs after injection into pregnant 

rats on late gestation (gestational day 19) (Takahashi and Matsuoka, 1981). The kinetics of 

NP biodistribution appears to depend on physicochemical characteristics and exposure route 

due to the difference in agglomeration states in the body. This evidence suggests that the 

capability for transplacental transfer mechanisms has to be assessed separately for each type 

of NP. Recent reports have described the developmental effects of nanoparticulate TiO2 and 

polystyrene, as well as other nanomaterials such as silica, carbon black, and carbon nanotubes. 
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TiO2 NPs administered to pregnant mice (cumulative dose: 400−500 µg/mouse) influenced 

gene expression related to brain development (Shimizu et al., 2009) and mainly affected the 

prefrontal region and midbrain dopaminergic neuronal systems (Takahashi et al.,  2010; 

Umezawa et al., 2012). Because the developmental toxicity of NPs has been an emerging 

issue, the determination of a chronological and comprehensive profile of the biological 

response was important. Analysis of the functional enrichment of genes dysregulated by NP 

exposure was informative for the extraction of the functional target of prenatal NP exposure. 

The genes related to cerebral higher function, i.e., transmitters, affects and emotion, were 

differentially expressed in the brain during the postnatal period even though the TiO2 NPs 

were administered to mice during the prenatal/gestational period (Shimizu et al., 2009) 

(Figure 1). The effect of maternal exposure to zinc oxide NPs (500 µg/mouse) on the 

offspring mouse brain has also been reported (Okada et al. 2013). TiO2 and silica NPs (800 

µg/mouse) also appeared to pass to the fetal organs (brain and liver) from pregnant mice and 

caused a decrease in uterine and fetal weight (Yamashita et al., 2011), while maternal 

exposure to TiO2 NPs (500 µg/mouse) decreased sperm production (Takeda et al., 2009) in 

offspring. 

The study of silica (Yamashita et al., 2011) showed that the modification of the surface of 

the NP with carboxyl or amine groups abrogated the effects on the fetus, suggesting that the 

surface characteristics play an important role in the mechanisms underlying the effects of NPs 

on the fetus and offspring. Neurobehavioral studies are important in the investigation of the 

effects of NP exposure on cerebral higher function. Inhalation exposure of pregnant mice to 

TiO2 NPs (peak-size 97 nm) caused neurobehavioral alterations in offspring (Hougaard et al. 

2010). Maternal exposure to carbon black NPs (approximately 100−200 µg/mouse) affected 

male reproductive organs (Yoshida et al., 2010), renal Col8a1 expression (Umezawa et al., 

2011), DNA strand breaks in the liver (Jackson et al. 2012a) and the hepatic gene expression 

profile (Jackson et al. 2012b) in offspring. Carbon black NP exposure of pregnant mice (268 

g/mouse) also affected neurobehavior and sexual development of female offspring (Jackson 

et al. 2011). 

 

 

Figure 1. Summary of the extracted categories of genes dysregulated in the brains of mice maternally 

exposed to TiO2 nanoparticles. 
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Carbon black NP exposure during gestation (95 mg/kg body weight, twice intranasal 

instillation to pregnant mouse) also altered the T cell population of neonatal offspring mice, 

with effects that appear to be dependent on exposure time (Shimizu et al. 2014; El-Sayed et al. 

2015). 

These observations are examples of critical period programming (Xu et al. 2009), which 

was explained by Dr. David Barker as ―a critical period when a system is plastic and sensitive 

to the environment, followed by loss of plasticity and a fixed functional capacity.‖ The idea 

has been applied to examining possible fetal and early origins of other diseases. Fetal 

morphological and skeletal abnormalities (teratogenicity) were also indicated by fetal 

exposure to higher doses of carbon nanotubes (especially >3 mg/kg body weight) (Philbrook 

et al. 2011; Fujitani et al. 2012; Campagnolo et al. 2013). 

Some limitations of the studies of developmental/transgenerational NP toxicity merit 

discussion. The critical factor for the effects on offspring remains an unresolved question. 

Since the amount of direct translocation of NPs from mother to fetus through the placenta is 

limited, biological responses to NP exposure, such as inflammation during gestation, in the 

pulmonary organs of dams may also lead to secondary effects in the fetus (Jackson et al. 

2012b). Enhanced oxidative stress, pulmonary and placental inflammation and blood 

coagulation, and dysregulation of endothelial function and hemodynamic responses may be 

the factors which can lead to adverse birth outcomes related to exposure to fine and ultrafine 

particles (Kannan et al. 2006). Pregnant mice showed an apparently different response to non-

pregnant mice to NP exposure through the airway (Fedulov et al. 2008; Lamoureux et al. 

2010). The unique response in the pregnant body may be also important for understanding the 

effect of maternal NP exposure on the development of the fetus and offspring. The data of 

induced responses in pregnant mothers and the means by which this in turn altered the 

phenotype of offspring is particularly limited. Moreover, the possible pathways that exist (in 

addition to inhalation) should be noted (Borm et al. 2006). It has also been noted that further 

investigations with standardized materials are needed to enable the comparison of 

experimental data for different forms of NPs and to establish the physicochemical properties 

that are responsible for the observed toxicity of NPs. 

 

 

BRAIN PERIVASCULAR CELLS − POTENTIALLY THE MOST SENSITIVE 

MARKERS FOR PREDICTING TOXICITY OF PRENATAL 

NANOPARTICLE EXPOSURE 
 

With regard to the safe use of nanomaterials, one of the most important focuses of current 

research is the potential effect of NP exposure on the development of the brain of the fetus 

and offspring. The first findings were of the transfer to the offspring brain (especially the 

regions surrounding blood vessels) of substances, which appeared to be diesel exhaust 

particles, a major environmental nano-sized particle after inhalation by pregnant mice 

(Sugamata et al. 2006a). Brain perivascular macrophages, also called granular perithelial cells 

and scavenger cells play an important role in the blood-brain barrier function. They were 

found to possess a nano-sized particle in their cytoplasmic granules. Degeneration of the 

granules and the signs of apoptosis were also observed by ultrastructural pathology under 

electron microscopy. The swelling of the endfoot-surrounding capillaries and degenerative 
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changes similar to myelin figures were also observed. That the observations were found in 

11-week-old adult offspring mouse, even though the particles were inhaled during prenatal 

period by pregnant mice, suggests that such exposure affects fetal brain development and 

increases the risk of cellular atrophy after the growth of the offspring (Sugamata et al. 2006a). 

Pathological abnormalities similar to autism in humans were also found in the brains of mice 

prenatally exposed to NP-rich diesel exhaust (Sugamata et al. 2006b). Exposure to diesel 

exhaust particles (19 mg/m
3
, 1 hr/day) was associated with adverse pregnancy outcomes 

(Hougaard et al. 2008). Subsequent studies have shown that exposure to diesel exhaust, even 

at lower concentrations (171 g particles/m
3
, 8 hr/day) during gestation, alters the activity of 

the monoaminergic system and decreases spontaneous locomotor activity in offspring mice 

(Suzuki et al. 2010). Prenatal diesel exhaust exposure has also been shown to induce 

neuroinflammation and affect behavior in offspring mice (Bolton et al. 2012; Thirtamara 

Rajamani et al. 2013), and may increase the risk of childhood brain tumors (Peters et al. 

2013). Prenatal diesel exhaust exposure appears to cause genome-wide disruption of DNA 

methylation of the promoter of genes associated with neuron differentiation in the neonatal 

mouse brain (Tachibana et al. 2015). It is of interest that the developmental toxicity of diesel 

exhaust was, at least partially, reduced by environmental improvement (environmental 

enrichment) during the perinatal period (Yokota et al. 2013). 

Recently, the degeneration of the perivascular macrophage granule and an alteration of 

the phenotype of astrocytes surrounding the macrophages with degenerated granules was 

observed in the brains of mice maternally exposed to low doses of carbon black NPs (95 

g/kg [body weight], twice during pregnancy on gestational days 5 and 9) (Onoda et al. 2014). 

This observation was found in pubertal and adult mice (6 and 12 weeks of age). We consider 

that, within the various data on the developmental effects of NPs, the phenotype of 

perivascular macrophages and surrounding astrocytes in the brain may be the most sensitive 

marker for evaluating the effect of prenatal NP exposure on brain development. The marker 

can be investigated by double-staining with glial fibrillary acidic protein (GFAP) 

immunohistochemistry and periodic acid schiff (PAS) of paraffin-embedded or frozen 

sections of formaldehyde-fixed brain tissue. Detailed methods are described in the article of 

Onoda et al. (2014). 

The alteration of the intracellular morphology of brain perivascular macrophages, similar 

to the observation of Onoda et al. (2014), was found in offspring of mice that were exposed to 

carbon black NPs (approximately 5 mg/kg [body weight], twice during pregnancy on 

gestational days 7 and 14) (Figure 2A, B) and titanium dioxide NPs (8 mg/kg [body weight, 

twice during pregnancy on gestational days 5 and 9) (Figure 2D, E). The number of brain 

perivascular macrophages with PAS-positive granules was decreased in the prenatally 

exposed mice (Figure 2C). Expression of GFAP protein in astrocytes was also found to be 

increased in the gray matter of the brains of mice prenatally exposed to TiO2 NPs (Figure 2F, 

G). The observation of increased GFAP expression is similar to that observed in the brains of 

animals of advanced age (Figure 2I). Similar degeneration of perivascular macrophages has 

also been shown in the brain of aged individuals (Mato et al. 1996). These data suggest that, 

with the perspective of clinical pathology, prenatal exposure to NPs appears to enhance the 

risk of neurological disorders in offspring (Sugamata et al. 2012). In the brains of mice 

prenatally exposed to NPs, GFAP-positive astrocytes were found at blood vessels with 

perivascular macrophages with degenerated granules (Onoda et al. 2014). 
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Figure 2. Light micrographs of perivascular macrophages in the mouse brain. Micrographs show PAS 

and hematoxylin-stained images of perivascular macrophages surrounding cerebral blood vessels of (A, 

D) 6-week-old control mouse, (B) 6-week-old mouse prenatally exposed to carbon black nanoparticles 

(approximately 5 mg/kg [body weight]), and (E) 6-week-old mouse prenatally exposed to titanium 

dioxide nanoparticles (8 mg/kg [body weight]). Black and white arrows indicate normal and enlarged 

granules in the perivascular macrophage, repectively. The data on quantitative observation of 

perivascular macrophages with PAS-positive granules of 6-week-old control and carbon black-exposed 

offspring mice is shown in (C). Asterisks indicate statistical siginificance between the control and 

exposed group (*P<0.05, **P<0.01, ***P<0.001) determined by student‘s t test. The micrographs of 

GFAP-positive (stained brown) astrocytes (images treated with GFAP immunohistochemistry and PAS 

double-staining) of (F) 6-week-old control mouse and (G) 6-week-old mouse prenatally exposed to 

titanium dioxide nanoparticles (8 mg/kg [body weight]), and the GFAP immunohistochemistry images 

of (H) 6-week-old control mouse, (I) 6-week-old mouse prenatally exposed to carbon black 

nanoparticles (95 g/kg [body weight]), and (J) normal mice of advanced age (24-month-old) are also 

shown. Scale bars represent (A, B, D, E, H−J) 10 m (F, G) 100 m. Abbreviations: Cb, cerebellum; cc, 

corpus callosum; Cx, cerebral cortex; GFAP, glial fibrillary acidic protein; HIP, hippocampus; Hy, 

hypothalamus; MBr, midbrain; MO, medulla oblongata; Olf, olfactory bulb; PAS, periodic acid schiff; 

Po, pons; Str, striatum; Th, thalamus. The data were collected by Atsuto Onoda. 
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Astrocytes interact with endothelial cells and regulate the function of the blood-brain 

barrier and neuronal signaling (Abbott et al. 2006). The developmental effect of NPs on these 

cells may decrease the immunocompetence of surrounding blood vessels and blood-brain 

barrier function, and may permanently affect the function of the surrounding neuronal cells. A 

hazard categorization test method needs to be established for risk management of existing and 

novel NPs by in vitro cell culture or a cell-free system. 

 

 

CONCLUSION 
 

This article reviewed the findings on the hazardous effects of NPs, including engineered 

nanomaterials and environmental NPs, which are the ultrafine fraction of PM2.5. Their 

potential effect on the development of organisms and the next generation was also reviewed. 

Previous studies have shown that the entry of NPs into the circulatory system of a pregnant 

organism may also affect the developing fetus. The altered phenotype of the brain 

perivascular macrophages and surrounding astrocytes, sensitive to low-dose NP exposure 

during the prenatal period, is important from the perspective of toxicology and potential 

clinical impact. However, presently, no firm conclusions could be drawn on the extent to 

which this actually occurs in humans, because most of the mechanisms associated with this 

effect remain unclear. There is agreement on the need for further research to elucidate the 

toxicity of NPs in humans. Based on the preventive approach at present, efforts should be 

made to reduce the exposure of humans to nanomaterial powders because when the 

nanomaterial is in the form of a powder, exposure may occur from breathing at any stage in 

the mining of ores during the preparation of nanomaterial for use and through contact with 

intermediate products. Exposure to NPs during pregnancy has to be prevented, possibly 

through the implementation of appropriate laws, if their health effects on the developing fetus 

are eventually established. For example, an effective way to prevent exposure in the 

workplace environment would be to apply the article on ―Limitations on Dangerous and 

Injurious Work for Expectant and Nursing Mothers‖ to Japan‘s Labor Standards Act. Possible 

mechanisms underlying NP toxicity are reviewed in the previous and following chapters. The 

problems to be solved in order to achieve NP risk management are described in the final 

chapter of this book. 
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