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 Goals
Nanomaterials are highly diverse not only in chemical composition, but also in other materials
 characteristics such as size, shape, specific surface area, and surface state. While it has been
 pointed out that such features may affect their toxicity, it may not be realistic to undertake
 detailed assessment for all nanomaterials with diversity, and thus, a hazard assessment
 framework enabling risk management in the real-world is needed.

Consequently, to ensure the safety of diverse nanomaterials, the goals of the project are to
 develop rational and efficient methods for hazard assessment.

Specifically, as Figure below illustrates, a tiered approach to hazard assessment has been adopted
 which creates two tiers preceding inhalation toxicity testing, the gold standard for assessing
 hazard arising from respiratory exposure.

Determination of whether the subject nanomaterials are deemed substantially equivalent to
 existing nanomaterials previously subject to hazard assessment (Tier 0).

If not deemed substantially equivalent to the existing nanomaterials, implementation of
 intratracheal administration testing as toxicity screening (Tier 1).

 Figure    Framework for efficient hazard assessment of nanomaterials



Achievement of the goals requires development of low-cost, simple hazard assessment methods
 to acquire basic hazard information and the development and standardization of methods needed
 in toxicity testing and assessment. To this end, the following tasks were set in the research and
 development agenda.

Development of methods for evaluating equivalence of nanomaterials

Development of low-cost, simple hazard assessment methods to acquire basic hazard
 information; and

Development of supporting methods for toxicity testing and assessment of nanomaterials

The project focuses on exposure through inhalation, which is the exposure route of greatest
 present concern, and designates “pulmonary inflammation and fibrosis” as its primary
 assessment endpoint.

All animal studies for this project were approved by each organization, and performed in
 accordance with the 3R Principles (Replacement, Reduction and Refinement).

Table below shows how each research and development item contributes to these tasks.

Table    Research and development items relating to research and development tasks 
(shown with implementing organizations) 
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 Research and development item: ①
 “Development of methods for evaluating
 equivalence of nanomaterials”
As for conventional chemical substances, it is considered possible to share hazard testing results
 among substances having the same chemical formula even when their producers or production
 methods are different. As for nanomaterials, on the other hand, it may be considered that the
 hazard of materials having the same chemical formula depends on their physical chemical
 properties such as sizes and shapes. There is concern that unrealistic requirements, under this
 premise, such as hazard testing for each production lot of materials would impede the
 development and application of nanomaterials.

To ensure the safety of nanomaterials effectively and efficiently, it is needed not to perform
 hazard tests for every materials having the same chemical formula produced by different
 producers or methods but to perform systematic hazard assessment focusing on the similarity of
 their physical chemical properties such as sizes and shapes. For this, the development of
 equivalence criteria is considered effective. Here, the equivalence criteria are variation ranges of
 physical chemical properties of a material, within which the hazard of the material is thought not
 to be changed. While it is considered difficult to develop equivalence criteria only through the
 analysis of existing hazard testing data, performing a large number of inhalation toxicity tests to
 study the dependency of toxicity on physical chemical properties is not realistic due to the cost
 and technical difficulties involved.

Accordingly, we are developing equivalence criteria by illuminating the dependency of

 toxicokinetics and biological responses on physical chemical properties of nanomaterials through
 systematic intratracheal administration testing on nanomaterials with different physical chemical
 properties.



 Research and development item: ①(a)
 Development of equivalence criteria based
 on comparison of nanomaterials by
 intratracheal administration testing results
Implemented by the Chemicals Evaluation and Research Institute

Final objective: Nanomaterials composed of the same elements in the same ratios can still exhibit
 different physicochemical properties such as size (i.e., particle size) and shape, and the hazard
 posed by such materials may differ because of such differences in their physicochemical
 properties. Therefore, hazard assessment is necessary for individual nanomaterials; however, it
 involves considerable expense and labor. In this study, to clarify the different pulmonary toxicities
 of multiple nanomaterials with different physicochemical properties of nanomaterials, we
 performed intratracheal administration testing using rats and obtained hazard data
 (bronchoalveolar lavage fluid (BALF) testing and histopathological testing of the lung). By
 elucidating the differences in pulmonary toxicity due to difference in physicochemical properties
 of nanomaterials, we compile and release equivalence criteria that outline the conditions under
 which different physicochemical properties of nanomaterials do not affect pulmonary toxicity and
 under which nanomaterials can be considered to be equivalent.

Main results:
 We used F344 rats (male, 12 weeks old) to perform intratracheal administration testing of
 nanomaterials with different physicochemical properties such as particle size, shape, and surface
 coating. As nanomaterials, we used seven TiO2, seven SiO2, and four NiO samples. We obtained

 hazard data using lung inflammation as an endpoint 3 and 28 days and 13 weeks after single
 intratracheal administration of each nanomaterial.

With respect to TiO2, differences in shape and crystal structure (rutile or anatase) had little
 impact. In the case of differences in particle size, 3 days after administration, materials with a
 small particle size in the administered liquid exhibited strong pulmonary toxicity, suggesting that
 a difference in particle size contributed to a difference in pulmonary toxicity. Materials with an
 Al(OH)3 surface coating continued to exhibit pulmonary toxicity 28 days after administration,
 suggesting that surface coating may contribute to a difference in long-term pulmonary toxicity
 (Table ①(a)-1). Materials without a surface coating disappeared pulmonary toxicity 28 days after
 administration.



Table①(a)-1 Provisional equivalence criteria of TiO2

Physicochemical
 property

Effects on pulmonary toxicity

Particle size
May contribute to the difference in the pulmonary toxicity of acute
 phase
 (Especially secondary particle size)

Shape May not have effect

Surface coatings
May contribute to the differences in the acute or subacute pulmonary
 toxicity

Crystallinity May not have effect

With respect to differences in the particle size of SiO2, materials with a small particle size in the
 administered liquid exhibited strong pulmonary toxicity 3 days after administration, suggesting
 that a difference in particle size contributed to a difference in pulmonary toxicity. Regarding the
 effect of different surface coatings, materials with COOH modification exhibited weaker
 pulmonary toxicity than materials without modification 3 days after administration. This result
 suggested that a difference in surface coating contributed to differences in pulmonary toxicity in
 the initial stage after administration. With respect to differences in crystallinity, amorphous
 materials exhibited pulmonary toxicity 3 days after administration but showed some recovery 28
 days after administration. In contrast, crystalline materials exhibited strong pulmonary toxicity 3
 days after administration and continued to show pulmonary toxicity 28 days after administration,
 which suggested that differences in crystallinity may contribute to differences in pulmonary
 toxicity in the initial stage after administration and in long-term pulmonary toxicity (Table

①(a)-2).

Table①(a)-2 Provisional equivalence criteria of SiO2

Physicochemical
 property

Effects on pulmonary toxicity

Particle size
May contribute to the difference in the pulmonary toxicity of acute
 phase
 (Especially secondary particle size)

Surface coatings May contribute to the differences in the acute pulmonary toxicity

Crystallinity
May contribute to the differences in the acute or subacute pulmonary
 toxicity



With respect to differences in the particle size of NiO, materials with a small particle size in the
 administered fluid exhibited strong pulmonary toxicity 3 days after administration and continued
 to exhibit pulmonary toxicity 28 days after administration, which suggested that differences in
 particle size may contribute to differences in pulmonary toxicity in the initial stage after
 administration and in longer-term pulmonary toxicity. With respect to differences in shape,
 fibrous materials exhibited strong pulmonary toxicity 3 days after administration but showed
 recovery 28 days after administration. In contrast, spherical materials exhibited strong
 pulmonary toxicity 3 days after administration and continued to show pulmonary toxicity 28 days
 after administration, which suggested that differences in shape may contribute to differences in
 pulmonary toxicity in the initial stage after administration and in longer-term pulmonary toxicity
 (Table ①(a)-3).

Table①(a)-3 Provisional equivalence criteria of NiO

Physicochemical
 property

Effects on pulmonary toxicity

Particle size
May contribute to the differences in the acute or subacute pulmonary
 toxicity
 (Especially secondary particle size)

Shape
May contribute to the differences in the acute or subacute pulmonary
 toxicity

Publications



 Research and development item: ①(b)
 Sample preparation methods and
 characterization for equivalence
 evaluation
Implemented by the National Institute of Advanced Industrial Science and Technology

Final objective: We provide nanomaterial suspensions for hazard testing and characterize the
 samples. We compile and release a technical instruction manual about methods and points of
 sample preparation and characterization for intratracheal administration testing.

Main result:
 As a sample to be used for animal testing in order to establish sample preparation techniques for
 equivalence evaluation , we selected TiO2 from the following viewpoint and established
 preparation procedure for a standard suspension, which is the base for preparing other
 nanomaterial for testing:

TiO2 is a widely used all-purpose material.

TiO2 nanoparticles of various shapes and sizes are readily available as commercial products.

Since we observed that TiO2 particles easily agglomerate when the pH of their suspension is
 approximately 7 (neutral), instead of pure water, we used a solvent containing disodium
 phosphate (DSP), a dispersing agent that has been considered to be less hazardous to a living
 body. In addition, it was possible to prepare test materials other than TiO2 using pure water

 without DSP. We prepared a TiO2 suspension for hazard testing, using materials of various 
sizes,  shapes and surface conditions, such as particles of 6–1,000 nm diameters, particle 
shapes  ranging from spherical (aspect ratio 1) to needle-shaped (aspect ratio 13), and 
particle surfaces  modified and unmodified with Al(OH)3.

As a more hazardous material relative to TiO2, which is a relatively low-hazard material, we
 selected NiO. We provide NiO suspensions prepared by using spherical particles with diameters
 ranging from 18 to 300 nm and fibrous particles with an aspect ratio of 1,000.

In the case of SiO2, whose hazard was expected to vary drastically depending on its crystallinity,
 we prepared samples of amorphous and crystalline materials (a quartz). For the amorphous SiO2,
 samples with different diameters (10–70 nm) and those with their surfaces modified with Al(OH)3
 or a carboxylic acid were purchased as commercial items. In the case of crystalline materials,
 however, we prepared them by ball milling and centrifugation because the particle size of the
 commercially available items was limited. When crystalline SiO2 is milled, part of its crystalline
 structure becomes amorphous due to the mechanical damage; therefore, we decreased the
 amount of the amorphous component using an alkali solution and performed a quantitative
 evaluation of the amorphous component by X-ray diffraction analysis.



We also prepared suspension of CeO2 whose hazard is reported in several publications, while it is
 considered to be a substance of low solubility within a body of test animals.

Table ①(b) shows the materials used for preparation of the samples provided for animal testing.

We characterize physicochemical properties of nanoparticles in consideration of the standard
 characterization requirements recommended by the ISO, OECD, and others. Thus, the
 characterization includes evaluation of the shape and primary particle size of nanoparticles using
 a transmission and a scanning electron microscopes (TEM, SEM), measurement of the specific
 surface area of nanoparticles and calculation of their particle size from the results, evaluation of
 the zeta potential and isoelectric point of nanoparticles, their crystal structure by X-ray diffraction
 and measurement of the particle size (secondary particle size) in suspension using the dynamic
 light scattering method. We move forward with the characterizations of the whole provided
 samples.

Table①(b) List of materials used for preparation of samples provided for animal testing

Material Crystal Structure Particle Shape Diameter (catalog value, nm)

anatase sphere 6

rutile / anatase sphere 21

titanium
 dioxide

rutile spindle long-D. 29, short-D. 8

rutile spindle long-D. 50-100, short-D. 10-20

rutile
spindle
 (Al(OH)3coat）

long-D. 50-100, short-D. 10-20

rutile sphere 1,000

rutile needle long-D. 1,700, short-D. 130

nickel
 oxide

NaCl box 18

NaCl irregular <50

NaCl box 300

NaCl wire long-D. 20,000, short-D. 20



silicon
 dioxide

amorphous sphere 10

amorphous sphere 70

amorphous
sphere
 (Al(OH)3coat）

70

amorphous
sphere
 (COOH coat)

70

α-quartz / amorphous irregular 80, milled + NaOH dissolution

α-quartz / amorphous irregular 200, milled

α-quartz irregular 300, (classification from 800 nm)

α-quartz irregular 300, (classification from 1,400 nm)

α-quartz irregular 1,400

cerium
 dioxide

fluorite box 10
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 Research and development item ②
 “Development of low-cost, simple hazard
 assessment methods to acquire basic
 hazard information”
As for nanomaterials, the exposure route of greatest concern for humans is the inhalation route,
 and many of the toxicity tests using test animals reported up to the present have assumed such
 inhalation route of exposure. There are examples of application of regulations, such as requiring
 90-day inhalation toxicity testing for a nanomaterial of each company under the Toxic Substances
 Control Act (TSCA) in the United States.

Inhalation toxicity testing is the gold standard for hazard assessment for the inhalation route.
 However, when performing inhalation toxicity tests on nanomaterials, a) technical difficulties
 arise, as it is necessary to generate an aerosol and install an inhalation exposure chamber, and b)
 the tests require remarkable time and expense. Thus, it may not be realistic to employ the
 inhalation toxicity testing as a standard assessment method to acquire basic hazard information
 on a wide range of nanomaterials. Intratracheal administration testing is a method in which the
 tested nanomaterial is introduced into the lungs by dripping a dispersion of the material onto the
 trachea, rather than by inhalation of the aerosol. To date, this method has been used only for
 qualitative hazard assessment, and has not been established as a standard assessment method
 that can be used for administrative purposes, as seen in the fact that it has not been accepted as
 OECD Test Guidelines.

Accordingly, we are developing hazard assessment methods to acquire basic hazard information
 on nanomaterials for administrative purposes, by illuminating the relationship between
 intratracheal administration testing and inhalation toxicity testing and by studying standardization
 of the intratracheal administration testing. For wider uses of the intratracheal administration
 testing, we are also developing a method of sample preparation by capturing aerosols in liquids
 — aerosols of nanomaterials at the workplace or generated by methods of simulating the
 workplace.



 Research and development item: ②(a)
 Comparative study of inhalation toxicity
 testing and intratracheal administration
 testing
Implemented by the University of Occupational and Environmental Health

Final objective: To obtain basic hazard information through comparison of response between
 inhalation toxicity and intratracheal administration tests, we compile and release a technical
 instruction manual detailing points of data interpretation using intratracheal administration test.

Main results:
 For comparison of inhalation toxicity testing and intratracheal administration test, we used
 nanoparticles with high and low lung toxicities to conduct inhalation toxicity and intratracheal
 administration tests. We studied the reactivity of lung inflammation as an endpoint in both tests.
 We used NiO and TiO2 as nanoparticles that exhibit high and low lung toxicities among
 nanoparticles, respectively. In inhalation toxicity test, we performed inhalation exposure for four
 weeks, with a maximum concentration of approximately 2 mg/m3; analyzed the cells in
 bronchoalveolar lavage fluid (BALF); measured the concentration of cytokine; and performed a
 pathological study at 3 days, 1 month, and 3 months after exposure. In intratracheal
 administration testing, we injected 0.2 and 1 mg of nanoparticles as low and high doses,
 respectively, into the trachea of rats (distilled water was injected into negative controls); and
 evaluated the same endpoint as that used in inhalation toxicity test at 3 days, 1 week, 1 month,
 3, and 6 months later.

In inhalation toxicity test, results for NiO nanoparticles showed infiltration of neutrophils and
 increase in cytokine-induced neutrophil chemoattractant (CINC)-1 and CINC-2, chemokine of
 neutrophils, and heme oxygenase (HO)-1, a marker of oxidative stress. In contrast, the results
 for TiO2 nanoparticles did not show lung inflammation or an increase in chemokine, such as
 increased levels of (CINC)-1, CINC-2, and HO-1. In intratracheal administration test, results for
 NiO nanoparticles showed infiltration of neutrophils and a continuous increase in (CINC)-1, CINC-
2, and HO-1 concentrations, whereas results for TiO2 nanoparticles showed no increase in these
 endpoints or only a transient increase in the acute phase. In summary, in inhalation toxicity test,
 particles with high lung toxicity induced inflammation, whereas those with low lung toxicity did
 not; in intratracheal administration test on rats, particles with high lung toxicity induced
 continuous lung inflammation, whereas those of low lung toxicity induced only a transient lung
 inflammation.

Hence, inhalation toxicity testing and intratracheal administration testing showed similar results
 with respect to ranking particles of different lung toxicity, although the degree of inflammation
 varied. The results suggested that intratracheal administration test is a useful screening for
 hazard assessment of manufactured nanomaterials (Table ②(a)-1).



To evaluate the chronic effect of TiO2 nanoparticles, we administered TiO2 nanoparticles into the
 trachea of rats and observed the pathology in the lung for a maximum observation period of two
 years, which generally is the lifespan of a rat. The TiO2 nanoparticles used in this testing were
 P90, and their crystal structures were rutile and anatase. We administered 0.2 and 1 mg of
 nanoparticles as low and high doses, respectively, intratracheally to rats and injected distilled
 water into the trachea of negative controls. We analyzed data at 3 days, one week, 1 month, 3,
 6, 12, and 24 months after intratracheal administration. As the endpoint, from 3 days to 6
 months after administration (the acute phase), an endpoint centered on inflammation was used,
 and from 12 to 24 months (the chronic phase), the degree of fibrosis and the incidence rate of
 tumor were used. In the acute phase, the 1-mg administration group exhibited a temporary
 increase in the total cell count and neutrophil count in BALF and macrophage count 3 days after
 intratracheal administration; however, these counts decreased over time to the same level as
 those of the negative control group. The 0.2-mg administration group showed no difference
 compared with the negative control group. The cytokine concentration in BALF also showed a
 similar tendency. In histopathological features, an increase in transient infiltration of macrophage
 was observed from 3 days after administration to one week after administration, but it decreased
 with time to the level of the negative control group. In the chronic phase, fibrosis and tumors
 were not observed throughout the observation period. In intratracheal administration test of TiO2

 nanoparticles in rats, transient inflammation and an associated change in cytokine were
 observed, but continuous inflammation, fibrosis, and tumor formation were not observed. These
 results suggested that the TiO2 nanoparticles used in this test had low effect on the lung (Table
②(a)-2).

To study the biological effects of CeO2 nanoparticles, we performed inhalation toxicity and
 intratracheal administration tests using lung inflammation as an endpoint. In inhalation toxicity
 test, we performed inhalation exposure to F344 rats at a low exposure concentration of 2.1
 mg/m3 and a high concentration of 10.2 mg/m3 for four weeks (6 h per day, five days per
 week). The primary particle size was approximately 8 nm. We analyzed the cells in BALF at 3
 days, 1 month, and 3 months after exposure. In intratracheal administration testing, we used the
 same CeO2 suspension as that in inhalation toxicity testing to conduct intratracheal
 administration to rats with doses of 0.2 and 1 mg/rat. We analyzed the cells in BALF similar to
 inhalation toxicity test at 3 days, one week, 1 month, 3 months, and 6 months after
 administration. In inhalation toxicity test, CeO2 at both high and low concentrations induced an
 increase in neutrophil count in BALF. In intratracheal administration test, a continuous increase in
 neutrophil count was observed (Table ②(a)-3).

In addition, we are conducting inhalation toxicity and intratracheal administration tests of new
 manufactured nanomaterials. To obtain basic hazard information, we will study similarities and
 differences between the results of inhalation toxicity and intratracheal administration tests to
 compile points on data interpretation using intratracheal administration test.



Table②(a)-1 Summary of results of intratracheal administration testing and inhalation toxicity
 testing of NiO and TiO2 nanoparticles

 Inhalation study  Intratracheal administration study

NiO TiO2  NiO TiO2

Total cell count in BALF ↑ → ↑ ↑→

 Neutrophil count in BALF ↑→ → ↑ ↑→

 LDH in BALF ↑→ → ↑ ↑→

 CINC-1 in BALF ↑→ → ↑ ↑→

 HO-1 in BALF ↑→ → ↑ ↑→

Table②(a)-2 Intratracheal administration testing of TiO2 nanoparticles (P90)

Intratracheal administration study

Acute phase Chronic phase

Neutrophil count in BALF ↑ (-)

CINC-1 in BALF ↑ (-)

Pathological change
 Inflammation

↑ (-)

Pathological change
 Fibrosis

(-) (-)

Pathological change
 Respiratory tumor

(-) (-)

Table②(a)-3 Summary of results of intratracheal administration testing and inhalation toxicity
 testing of CeO2 nanoparticles

Inhalation study Intratracheal administration study

Total cell count in BALF ↑ ↑

Neutrophil count in BALF ↑ ↑

LDH in BALF ↑ ↑

CINC-1 in BALF ↑ ↑

HO-1 in BALF ↑ ↑
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 Research and development item: ②(b-1)
 Study on standardization of intratracheal
 administration testing: Study on
 standardization of the skill
Implemented by the Chemicals Evaluation and Research Institute

Final objective: We compile and release a draft standard procedure manual for intratracheal
 administration testing, including a method for verifying the skills of intratracheal administration
 testing engineers.

Main results:
 Establishment of the standard intratracheal administration testing procedure

To establish the standard intratracheal administration testing procedure, we conducted
 intratracheal administration testing of nanomaterials under various testing conditions to study the
 effect of differences in testing conditions on the test results centered on pulmonary toxicity
 (inflammatory reaction). In this research and development item, we used BALF results as an
 endpoint to quantitatively compare the degree of pulmonary toxicity.

Prior to the study, to minimize fluctuation among BALF samples collected by different operators,
 we standardized a BALF collection method. First, to lavage the inside of the alveoli, we inserted
 and ligated a catheter into the trachea, and then injected 7 mL of lavage fluid (sterilized saline)
 through the catheter. At this time, to maintain a constant injection pressure, we fixed the height

 of the saline level at the start of injection to 30 cm above the catheter and then allowed the
 saline drops to fall free (the injection pressure of the lavage fluid was 30 cm H2O). We recovered
 the injected lavage fluid by free fall from the catheter. We repeated the lavage and recovery
 twice. This BALF collection method enabled us to minimize fluctuation among lavage samples and
 steadily recover approximately 90% of the injected lavage fluid irrespective of the operator.

In this study, we used the aforementioned BALF collection method and changed the
 administration instruments, quantity of the administered fluid, and anesthesia at dissection to
 conduct intratracheal administration testing and establish a range of testing conditions and an
 anesthesia method that do not affect the BALF testing results.



Method of verifying skills of intratracheal administration testing engineers
 Intratracheal administration operation includes several noteworthy steps such as insertion of an
 administration instrument into the trachea and control of the insertion depth; poor skill or
 technique on the part of the administrator may result in improper assessment of pulmonary
 toxicity. Therefore, a method of verifying the administrator’s skill is needed. Focusing on incorrect
 administration factors in intratracheal administration operation, we developed a method (draft) of
 verifying the skills of intratracheal administration testing engineers (Table ②(b-1)). The skill
 verification method consists of an initial stage that does not require dissection of animals taking
 animal protection into consideration; this stage is intended to improve the level of skill associated
 with the insertion operation of an administration instrument into the trachea. In the second
 stage, dye solution and nanomaterials of known toxicity are administered into the trachea, and
 the samples are dissected to determine the result of administration visually or using inflammatory
 reaction as an endpoint.

 Table②(b-1) Method of verifying skills of intratracheal administration testing engineers

Skill item Skill verification point

1st stage

Improve the level of skill
 associated with
 laryngoscope operation.

Understand the anatomical structure of the
 larynx and use a laryngoscope to visualize an
 instrument insertion point (epiglottis).

Perform sequential
 operations up to smoothly
 inserting the instrument.

Before the animal comes out from the
 anesthetic, retention, a visual verification of
 the epiglottis, and instrument insertion are
 completed.

Correctly insert an

Insert an instrument without disturbing the
 surrounding mucous membranes at insertion.

 (dissection
 unnecessary)

 administration instrument
 into the trachea.

Confirm that the administration instrument is
 inserted into the trachea by touching the
 tracheal cartilages with the instrument.

Insert an administration
 instrument into an
 appropriate position and
 perform administration.

Confirm that the administration instrument is
 inserted into the appropriate position.

Administer medium and listen to moist rale for
 a given length of time immediately after
 administration.

Check that blood does not attach to the
 administration instrument after administration.



2nd stage
 (dissection
 necessary)

Administer fluid so that the
 fluid is not localized in the
 lung.

Administer a dye solution and visually verify
 that backflow does not occur immediately after
 administration.

Dissect the animal after administration of the
 dye solution to check distribution to the right
 and left lungs.

Administer medium into
 the trachea without
 inducing a biological
 response change.

By BALF testing or another procedure, confirm
 that the results are similar to existing research
 information or testing results conducted under
 the same conditions.

Confirm reproducibility of
 results in intratracheal
 administration testing.

Administer materials of known toxicity and
 confirm that results similar to existing research
 information are obtained.

Publications



 Research and development item: ②(b-2)
 Study on standardization of intratracheal
 administration testing: Comparison of
 single and multiple administrations
Implemented by the Japan Bioassay Research Center

Final objective: We decide the appropriate number of administration as a standard technique of
 intratracheal administration testing, include them in the draft of standard procedure manual
 developed in the course of the research and development item (2)(b-1), and release it.

Main results:
 Establishing intratracheal administration testing methods for nanomaterials requires an
 investigation of whether the number of times of administration (single or multiple) affects the
 lung toxicity of the nanomaterial. Therefore, we used three types of nanomaterials with different
 characteristics and shapes (TiO2, NiO, and multi-walled carbon nanotubes (MWCNTs)) to conduct
 single administration and multiple administrations (one-half the dose of single administration for
 two times administration, one-third the dose for three times administration, or one-fourth the
 dose for four times administration, the same total dose) and examined the effects on the lung
 mainly. We set the interval of multiple administrations to every other day and set the total dose
 to 10 mg/kg, 2 mg/kg, and 320 μg/kg for TiO2, NiO, and MWCNTs, respectively. F344 rats (12-
week-old) were kept up to three months after administration, and conducted for bronchoalveolar
 lavage fluid (BALF) analysis (3 days after the end of administration, 28 days after first
 administration, and 28 days after the end of administration). We also examined

 histopathologically respiratory systems at 28 days after first administration, 28 days after the end
 of administration, and three months after the end of administration.

All three materials, TiO2, NiO, and MWCNTs, showed evidence of inflammation in BALF analysis.
 The NiO group continued to show marked inflammation up to 28 days post exposure; however,
 the TiO2 and MWCNT groups showed moderate and mild inflammation, respectively. The NiO
 group continued to exhibit an increase in total protein, albumin, and LDH concentration in BALF
 up to 28 days post exposure, but the TiO2 and MWCNT groups exhibited either the same level of
 increase as the vehicle control group or a slight increase. The NiO group exhibited increased lung
 weight 3 months after exposure, whereas the TiO2 and MWCNT groups exhibited almost the
 same lung weight as that of the control group 3 months post exposure. In histopathological
 examination, the appearance in the alveolar space of macrophages that engulfed nanoparticles
 and the deposition of nanoparticles on the alveolar space and alveolar wall or in the bronchus-

associated lymphoid tissue and lung-related lymph nodes were observed on 28 days and 3
 months post exposure. In addition, the TiO2 and NiO groups exhibited hyperplasia of type II
 pneumocytes; the NiO group also exhibited fibrosis and proteinosis in the alveolar space.



All three materials caused qualitatively similar changes in single administration and multiple
 administrations, although the degree of the changes differed slightly. Differences resulted from
 the number of the administrations were observed in BALF analysis at 3 days after the end of the
 administration. In TiO2 and MWCNTs groups, the degree of responses in multiple administrations
 was lower than that in single administration in many items, while the degree of responses caused
 by NiO in multiple administrations was higher than that in single administration. Lung weight
 measurements and histopathological changes at 28 days and 3 months post exposure were also
 of approximately the same degree.

In conclusion; the degree of responses differed in the administrations depending on the material;
 however, all three materials were the same with respect to qualitative change of responses. We
 therefore understand that it is possible to obtain the effect of administration at any number of
 times of administration. On the basis of the aforementioned results, in consideration of the load
 to an animal and the additional complexity of experimental design owing to multiple
 administrations, single administration is sufficient for intratracheal administration screening
 testing. When only a suspension of low concentration can be prepared owing to limited
 dispersibility of the sample in the dosing vehicle because of the properties of the nanomaterials,
 multiple administrations may be necessary.

Publications



 Research and development item: ②(c)
 Development of a method for stable
 aerosol generation
Implemented by Hiroshima University

Final objective: To facilitate comparisons of the results obtained from inhalation toxicity test and
 intratracheal administration test, we improve techniques for aerosol generation that can control
 the concentration, size, shape, and stability of the aerosol fed during inhalation toxicity test.
 Finally, we compile and release a guide for the technique of producing aerosol particles for
 inhalation toxicity test.

Main results:
 We developed techniques of preparing aerosol samples suitable for inhalation toxicity test and
 conducting inhalation toxicity test using the resulting aerosol samples. To this end, we used a
 spray-drying technique because of its various advantages with respect to aerosolization of the
 existing nanomaterials. This spray-drying technique is used to produce solid-particle aerosols by
 spraying a suspension containing nanomaterials into droplets containing the nanomaterials,
 followed by evaporation of water from the droplets.

Figure ②(c)-1 shows the experimental system used for aerosol generation and characterization of
 the aerosols. We fed a nanomaterial suspension through a two-fluid nozzle and sprayed the
 suspension with pressurized air to produce microdroplets. The microdroplets were passed
 airborne into a heating tube. Using various analyzers, we analyzed the generated aerosols thus
 produced.

 Figure②(c)-1 Experimental system (aerosol production apparatus, exposure chamber for
 inhalation test, and various analyzers)



We conducted experiments on aerosol generation using NiO, TiO2, and CeO2 nanoparticle
 suspensions. We evaluated the effects of the properties of nanomaterial suspensions and
 aerosolization conditions on the size, shape, concentration, and other properties of aerosol
 particles. As an improvement to the spray-drying technique, we demonstrated that droplet
 breakup by a unipolar charge and rapid evaporation of the droplets were particularly effective for
 producing aerosol particles with a small particle size and high mass concentration.

We produced a smaller droplet particle from nanomaterial suspension using a phenomenon called
 Coulomb explosion of charged droplets. When the electrostatic repulsion of multivalent charged
 droplets formed by mixing with airborne ions of high concentration exceeds their surface tension,
 the droplet is broken up into numerous progeny droplets; therefore, the production of smaller
 aerosol particles was possible. We heated the droplets immediately after the spraying process to
 reduce inertial impaction along the flow path due to accelerated shrinkage of the droplet, which
 increased the mass concentration of the aerosol particles.

 Figure②(c)-2 SEM images of aerosolized NiO nanoparticles:
 (a) before and (b) after improvement through the combined use of droplet breakup and rapid

 evaporation

We used the improved aerosol production system in conjunction with the exposure chamber and
 fed aerosols for 6 h per day for 20 days to conduct inhalation toxicity test. We demonstrated that
 aerosol could be supplied steadily during the test period. The mean particle size of the aerosol
 particles in the exposure chamber was approximately 100 nm, and the mass concentration in air
 was approximately 2 or 10 mg/m3.
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 Research and development item: ②(d)
 Development of a method of capturing
 aerosol particles in liquids
Implemented by the National Institute of Advanced Industrial Science and Technology

Final objective: As a method to make nanomaterial suspension for intratracheal administration-
testing applicable to any aerosol sample, we establish a technique for preparing nanomaterial
 suspensions by directly collecting dry-dispersed nanomaterial powder into liquid. Our objective is
 to minimize physico-chemical dispersion processes during the preparation of nanomaterial liquid
 suspension. We compile and release a draft which explains standard procedures of this method.

Intratracheal administration-testing uses liquid suspension, and nanomaterial are often physico-
chemically dispersed in liquid. On the other hand, inhalation-testing, which is considered as the
 golden standard method, uses dry-dispersed aerosol sample. Properties related to the hazard
 posed by nanomaterial powder may differ between these two samples. By directly collecting the
 dry-dispersed nanomaterial powder into liquid, the nanomaterial suspensions are expected to
 have similar properties regarding its toxicity to the dry-dispersed nanomaterial for inhalation-
testing.

Figure②(d)-1 Standpoint of the aerosol-to-liquid collection method in the hazard assessment of
 nanomaterials

Main results:
 We developed a technique for directly collecting dry-dispersed nanomaterials into liquid. Two 
 essential elements of this aerosol-to-liquid-collection-method are (1) dry-dispersion technique to 



aerosolize nanomaterial with high temporal stability and (2) a technique to efficiently collect 
aerosolized nanomaterial-aggregates in liquid.

With respect to (1), we improved a vibrating membrane aerosol generator of NIOSH-type USA
 and demonstrated that P25 TiO2 could be aerosolized steadily for extended periods at mass
 concentration of ≥10 mg/m3 (Figures ②(d)-2(a) and ②(d)-3(a)).

With respect to (2), we uses a condensation particle trap (CPT). Inside the CPT super-saturated
 water vapor nucleate and condense to aerosolized nanomaterial aggregates, growing them into
 droplets whose diameter are approximately 3 μm. At the exit of CPT, grown droplets were
 accelerated through nozzles and deposited by inertia onto a liquid surface. (Figure 2(b)). We
 demonstrated that P25 TiO2 suspension was successfully prepared by this method. By carrying
 out 5 to 6 hours of aerosol-to-liquid-collection method, it is possible to prepare a liquid
 suspension of the TiO2 with concentration of 1 mg/mL and the volume of 5-10 mL (Figure 3(b)).

Figure②(d)-2 Overview of (a) the nanomaterial powder dry aerosolization system and (b) the
 condensation particle trap

Figure②(d)-3 (a) Aerosol mass concentration of dry-dispersed P25 TiO2, and (b) a photograph
 showing a liquid suspension of P25 TiO2 prepared using the aerosol-to-liquid collection method.
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 Research and development item ③
 “Development of supporting methods for
 toxicity testing and assessment of
 nanomaterials”
For implementing the research and development items ① “Development of methods for
 evaluating equivalence of nanomaterials” and ② “Development of low-cost, simple hazard
 assessment methods to acquire basic hazard information”, we are developing the supporting
 methods including quantification methods for distributions of nanomaterials and biological
 responses, and mathematical modeling of toxicokinetics and biological responses of
 nanomaterials.



 Research and development item: ③(a-1)
 Development of quantification methods
 for distributions of nanomaterials and
 biological responses
Implemented by the National Institute of Advanced Industrial Science and Technology

Final objective: With animals used as subjects in intratracheal administration testing and
 inhalation toxicity testing, we combine high-resolution observations of cells of lung tissue sections
 in the order of nanometer, with wide-field observations of the lung tissue in the order of
 millimeter, to establish a method of quantifying the distribution of nanomaterials and biological
 responses in the lung tissue. We compile and release the developed method as a technical
 instruction manual.

Main results:
 When the biological activity is stopped by dissection, the fine structure of the biological tissue
 changes because of washout of proteins and lipids. For observation using transmission electron
 microscopy, which is capable of making observations on the order of nanometer, samples that
 retain the fine structure of the tissue must be prepared. However, for wide-field optical
 microscopy observations, the whole lung, a soft bag-like organ, must be sectioned. Because
 immunostaining is used to visualize biological response distribution, a method of preparing
 samples that does not deactivate antigen–antibody reaction is required. We developed an
 observation sample preparation protocol that satisfied the aforementioned requirements. We also
 developed a technique for observing the biodistribution of nanomaterials at the millimeter scale

 using optical microscopy and fluorescence X-ray microscopy and a technique for high-resolution
 analysis and observation of nanomaterials in cells at the nanometer scale using transmission
 electron microscopy. With regard to quantifying the distribution of biological responses owing to
 intake of nanomaterials, we also developed a millimeter-order, wide-field immunohistological
 analytical technique using a laser confocal microscope and a nanometer-order immunohistological
 analytical technique using a TEM.

(1) Quantification of biodistribution of nanomaterial in a body

Figure ③(a-1)-1(a) shows an optical microscope image of the lung tissue 3 days after

intratracheal administration of TiO2 nanoparticles with rats, and Figure ③(a-1)-1(b) shows  
mapping the fluorescence X-ray intensity of Ti, where the fluorescence intensity was generated  
by irradiation of X-rays converged to 10 μm. The results in Figure ③(a-1)-1 show that TiO2  
nanoparticles do not remain in the respiratory tract but invade the surrounding alveoli, and a  
large amount of TiO2 nanoparticles are present locally in the lung. Local observation and  
quantitative elemental mapping of nanomaterials in cellular structures with nanometer resolution 
using a TEM is now possible.



Figure ③(a-1)-2(a) shows a TEM image of the alveolar macrophage of a rat to which NiO  
nanoparticles were intratracheally administered. The figure shows that the fine cell structure is  
clearly maintained and black particles are present in the phagosome. Figure ③(a-1)-2(b) shows a 
Ni mapping image via electron-beam energy loss spectroscopy. Because the black particles  
coincide with the mapping image of Ni, the black particles in the alveolar macrophage are  
determined to be NiO.

Figure③(a-1)-1 Optical microscope image of the lung tissue 3 days after intratracheal
 administration of TiO2 nanoparticles with rats (a)
 and mapping the fluorescence X-ray intensity of Ti (b)

Figure③(a-1)-2 TEM image of the alveolar macrophage of a rat to which NiO
 nanoparticles were intratracheally administered (a)
 and Ni mapping image via electron-beam energy loss spectroscopy (b)



(2) Quantification of the biological response distribution of nanomaterials

With respect to the biological response distribution of nanomaterials, we established
 immunohistological analytical techniques with submillimeter resolution using a laser confocal
 microscope and nanometer resolution using a TEM. From prior research related to correlation of
 the production of Toll-like receptor 4 (TLR4), one of the surface receptors of inflammatory M1
 macrophage, with nanoparticle dose, we focused on TLR4 production as an indicator of the
 biological responses to nanomaterials.

Figures ③(a-1)-3(a) and ③(a-1)- (b) show phase contrast and fluorescence observation images,
 respectively, of the left lung of a rat at one month after inhalation exposure to NiO nanoparticles.
 Agreement of the alveolar macrophage in Figures 3(a) with the fluorescence emission points in
 Figures ③(a-1)-3(b) indicates that the alveolar macrophage produces TLR4 and emits
 fluorescence with fluorescein isothiocyanate markers.

Figure ③(a-1)-4(a) shows a TEM image of the alveolar macrophage of the left lung of a rat at 1
 month after inhalation exposure of NiO nanoparticles. Figure ③(a-1)-4(b) shows an enlarged
 image of the area near the black agglomerated particles, and Figure 4(c) shows an enlarged
 image of the end of the alveolar macrophage. As indicated with an arrow in Figure ③(a-1)-4(b),
 phagocytosis of black NiO nanoparticles by the macrophage is observed. As indicated by the
  arrow in Figure ③(a-1)-4(c), gold colloid markers of a secondary antibody are observed at the
 end of the alveolar macrophage, which indicates TLR4 production. By counting the number of
 gold marker particles, we can evaluate the relative quantity of TLR4 produced.

Figures③(a-1)-3 Phase contrast (a) and fluorescence observation(b) images of the left
 lung of a rat at one month after inhalation exposure to NiO nanoparticles



Figure③(a-1)-4 TEM image of the alveolar macrophage of the left lung of a rat at 1
 month after inhalation exposure of NiO nanoparticles (a) and an enlarged image of the

 area near the black agglomerated particles (b), and an enlarged image of the end of the
 alveolar macrophage (c)

Publications



 Research and development item: ③(a-2)
 Development of measurement methods
 for toxicokinetics of PEAPOD
Implemented by Shinshu University

Final objective: To evaluate the toxicokinetics of CNTs, we establish a technique for creating
 PEAPOD with specific atoms or its compound encapsulated in the hollow parts of CNTs to
 measure toxicokinetics. We compile and release a technical instruction manual on the creation,
 evaluation, and application of PEAPOD for toxicokinetics testing of CNTs.

Main results:
 Non-destructive analysis of the toxicokinetics of fibrous CNTs is difficult with existing
 measurement techniques. Therefore, to measure toxicokinetics, we developed PEAPOD that
 encapsulates imaging materials (metallic salts) in hollow parts utilizing the shape of CNTs. Thus
 far, we succeeded in encapsulating iodine and metals such as gadolinium chloride, platinum
 chloride, and gold chloride in the hollow parts of CNTs.

When we imaged CNTs with gadolinium chloride encapsulated (Gd-peapods) by magnetic
 resonance imaging (MRI), a significant increase in signal strength was observed compared with
 that observed before modification, which suggests that the PEAPOD could be evaluated by MRI.
 In addition, we used MRI to evaluate the lung of a rat to which Gd-peapods had been
 administered via the tail vein. Consequently, the lung in which the CNTs had accumulated
 exhibited an enhanced signal compared with the lung to which CNTs were not administered and

the lung to which pristine CNTs were administered. This indicated that peapod-CNTs 
accumulated in biological tissues and organs could also be evaluated by MRI (Figure ③(a-2)).

Figure③(a-2) Evaluation of Gd-peapods
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 Research and development item: ③(b)
 Development of mathematical models of
 toxicokinetics and biological responses of
 nanomaterials
Implemented by the National Institute of Advanced Industrial Science and Technology

Final objective: We describe the results of inhalation toxicity testing and intratracheal
 administration testing conducted within the scope of the project using mathematical models, and
 establish them as general physiological mathematical models that describe the relationship
 between toxicokinetics and biological responses of the nanomaterials.

Main results:
 (1) Pulmonary clearance of nanomaterials and translocation to other organs after intratracheal
 administration

To understand the hazard posed by exposure to nanomaterials through the respiratory route,
 information related to the toxicokinetics of nanomaterials, i.e., retention in the lung and
 translocation to other organs, is important. Therefore, we administered nanomaterials
 intratracheally to rats; collected samples of the lung, BALF (bronchoalveolar lavage fluid), lung-
related lymph nodes, and other main organs temporally; measured the nanomaterials in each
 organ using analytical methods such as ICP-MS (inductively coupled plasma mass spectrometry);
 and analyzed the results using mathematical models.

To clarify the difference in the toxicokinetics of various nanomaterials, we evaluated the results of
 intratracheal administration testing of several types of TiO2 nanomaterials, NiO nanomaterials,
 and SiO2 nanomaterials (research and development item ①).

Figure ③(b)-1 shows a comparison of the pulmonary clearance rate after intratracheal
 administration of seven types of TiO2 nanomaterials with different physicochemical properties to
 rats. Differences in size and shape did not significantly affect pulmonary clearance, except in the
 case of the material with Al(OH)3 surface coating (“TTO-S-3 with coating” in the figure), which
 exhibited a low clearance rate. Irrespective of the material, the pulmonary clearance rate tended
 to decrease at larger doses (Shinohara et al. in print).



Figure③(b)-1 Pulmonary clearance rate of TiO2 nanomaterials with different physicochemical
 properties (* in the case of P25, the dose was 0.75, 1.5, and 6.0 mg/kg-body weight)

(2) Distribution to main organs in  intravenous administration testing

In general, only small amounts of nanomaterials that reach the lung through the respiratory route
 translocate from the lung to other organs; quantitative analysis of the quantity of migrated
 material is difficult.

To study the toxicokinetics of nanomaterials after they enter the body and the blood flow, we
 conducted intravenous administration testing to evaluate their distribution to the main organs
 and the concentration decay in the organs. Thus far, we tested several types of TiO2 and NiO
 nanomaterials.

Figure ③(b)-2 shows results of testing in which single administration of TiO2 nanomaterials was
 performed to the tail vein of a rat at a dose of 1 mg/kg-body weight. Observations were made up
 to one month after the administration. The organs to which the nanomaterials were distributed
 after administration were primarily the liver and the spleen. The concentration decay in these
 organs was slow (Shinohara et al. 2014b).

 Figure③(b)-2 Results of intravenous administration testing of TiO2 nanomaterials: distribution to
 main organs and concentration decay



(3)  Local pulmonary distribution of nanomaterials after intratracheal administration

Research and development item ② compares results of inhalation toxicity testing and intratracheal
 administration testing. One issue concerning intratracheal administration testing is that the local
 distribution of nanomaterials in the lung may be different from that in the case of inhalation
 exposure.

To quantitatively examine the local distribution of nanomaterials in the lung of an exposed rat, we
 observed lung tissue sections using a fluorescence X-ray microscope (Zhang et al. 2015 ).

 Figure③(b)-3 Titanium distribution in the lung (right caudal lobe) of a rat to which TiO2

 nanomaterials were administered intratracheally (dose of 3.3 mg/kg × three times (total 10
 mg/kg))

Figure ③(b)-3 shows an observation image, with 100-µm mesh resolution, of a tissue section of
 right caudal lobe of the lung of a rat to which TiO2 nanomaterials were administered
 intratracheally at 10 mg/kg-body weight. It shows areas of high titanium concentration and areas
 of titanium concentration similar to those of the background.

We used this technique to compare intratracheal administration with inhalation exposure as well
 as to compare single intratracheal administration with multiple intratracheal administrations.
 Moreover, we used an immunostained tissue section to study the relationship between the
 localization of nanomaterials and the accumulation of macrophages in the lung.
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 Research and development item: ③(c)
 Development of cell culture models of
 lung alveoli as evaluation systems for
 mathematical modeling
Implemented by the University of Tokyo

Final objective: We develop an in vitro alveolar model evaluation system using human cell lines
 and a primary rat culture system, establish a method to obtain various physicochemical and
 biological parameters for a mathematical model from its results, and propose an appropriate
 methodology.

In order to refine a mathematical model to describe and predict the intake, behavior, and impact
 of nanoparticles, we aim to establish an experimental model consisting of cultured cells for the
 alveoli, an intake route to the individual, and describe lesions and permeability with a simple
 mathematical model.

Main results:
 With respect to the alveoli model using human cell line, on a commercially available semi-
permeable membrane incubator (culture insert), we established a co-culture system of A549 cells
 with THP-1 cells derived macrophage-like cells. On a single A549 cell monolayer as an alveolar
 epithelial layer, THP-1 cells derived macrophage-like cells, as alveolar macrophage, were
 attached. We first confirmed that upon exposure to nanoparticles in the co-culture system,
 macrophage engulfed nanoparticles, resulting in less number of particles that are directly

exposed on the epithelium, and lesions decreased. Regarding the permeability of nanoparticles,  
we conducted an experiment on the migration of nanoparticles, exposed to the inside of the  
alveoli (upper side of the co-cultured epithelium) over time. A temporal change in the quantity of  
nanoparticles in three compartments, i.e., inside the alveoli, inside the cell layer, and at the blood  
side (lower side of the co-cultured layer) in this experiment system, could be roughly explained  
with a mathematical model with dynamic equilibrium assumed among the three compartments.  
The permeability of the nanoparticles after 24 h was several percent or less; the permeability  
decreased significantly because of the presence of THP-1 cells derived macrophage-like cells.



As an in vitro evaluation system that functions in parallel with animal individual testing, we have
 been working on the construct and use of a primary rat culture in vitro alveolar model (Figure

(c)). In the case of a primary rat culture, by seeding the epithelial type II cells, which could be
 purified, at an appropriate density on the culture insert, we successfully created an extremely
 thin continuous monolayer of the epithelium of type I cells that is similar to the actual inside of
 the alveoli. This monolayer exhibited a temporal change in its transepithelial electrical resistance
 value and the final cell shape. In the case of A549 cell line (II type), the area of individual cells
 was small, forming a dense monolayer; however, the electrical resistance value remained very
 low. However, primary culture alveolar epithelial cells changed approximately one week later to a
 shape specific to type I having a very large area. These cells created thin continuous monolayers
 similar to the alveoli; however, unlike the A549 type II-like cells, the electrical resistance value
 was very high, approximately ten times that of A549, and remained high for approximately one
 week. Thus, we created a very thin culture alveolar epithelium with a high barrier function similar
 to the actual in vivo alveolar epithelium. When we seeded alveolar macrophage collected
 separately on this epithelium, it attached firmly and remained stable, which demonstrates that
 we successfully established a primary co-culture the in vitro alveolar model. We are currently
 conducting experiments related to lesions and permeability of various nanoparticles and are
 proceeding with research to describe and evaluate the results using the mathematical model.

 Figure③(c) Construction of primary rat culture in vitro alveolar model
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④ Monitoring international activities
Implemented by the National Institute of Advanced Industrial Science and Technology, and Keio
 University

Final goal: To keep our project members informed with standardization activities of international
 organizations such as the OECD WPMN (Working Party on Manufactured Nanomaterials) and the
 ISO TC229 (Nanotechnologies) and with regulatory actions taken by the United States, the
 European Union and others, and to contribute our project results to the above international
 standardization activities timely and effectively.

Main results:

 Contribution of our project results to OECD activities

(1) Contribution to amending OECD Test Guidelines (TGs) on inhalation toxicity

Since May 2013, our project members had participated in drafting an SPSF (a working proposal)
 for amending inhalation TGs led by the US EPA under the OECD WPMN to contribute to the
 discussions on, among others, making bronchoalveolar lavage (BAL) analyses mandatory. The
 SPSF was submitted by the WPMN to the WNT (Working Group of the National Coordinators for
 the Test Guidelines Program) in November 2013, and adopted at the 26th meeting of the WNT in
 April 2014.

Our project members participate in the expert group on inhalation TG amendments for
 nanomaterials, established in the WNT in May 2015 and chaired by the US EPA. The expert group
 firstly focuses on drafting amended TG 412 (Subacute Inhalation Toxicity: 28-Day Study) and TG

 413 (Subchronic Inhalation Toxicity: 90-Day Study) together with studying the feasibility of
 inclusion of lung burden measurement. The expert group will then start drafting Guidance
 Document (GD) 39 on Acute Inhalation Toxicity Testing, to which inclusion of a discussion on
 instillation and insufflation studies is proposed.

[External Link: download site for OECD-TGs of Section 4: Health Effects ]

[External Link: download site for OECD-GDs] ]

http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
http://www.oecd.org/chemicalsafety/testing/seriesontestingandassessmentpublicationsbynumber.htm
http://www.oecd.org/chemicalsafety/testing/seriesontestingandassessmentpublicationsbynumber.htm


(2) Presentations of our project results at WPMN Expert Meetings

Under the WPMN SGTA (Steering Group on Testing and Assessment), a series of horizontal
 workshops (Expert Meetings) have been held to examine applicability of OECD-TGs — which were
 developed for general chemicals — to nanomaterials, based on the experience gained through the
 Sponsorship Program for Safety Testing of Representative Manufactured Nanomaterials. A project
 member presented our project results at the Expert Meeting on Toxicokinetics of Nanomaterials
 held in Seoul, Korea in February 2014 and the Expert Meeting on Categorization of Nanomaterials
 held in Washington DC, US in September 2014:

– Masashi GAMO “Intratracheal Administration Study for Initial Characterization of Toxicokinetics
 of Nanomaterials”; and

– Masashi GAMO “Development of Equivalence Criteria for Nanomaterials by Intratracheal
 Administration Study”.

Reports on both Experts Meetings are expected to be published in 2016.

Furthermore, a project member presented results of the preceding project with the following title
 at the Expert Meeting on Inhalation Toxicity Testing for Nanomaterials held in The Hague, the
 Netherlands in October 2011, the early days of the present project, where he stated that “The
 combination of inhalation and instillation is effective in dealing with the diversity of nanomaterials
 with limited budget and time.”: Takuya IGARASHI “Japan’s approach to inhalation toxicity testing
 of CNTs in the NEDO Project (P06041)”. The report of this Expert Meeting was published in June
 2012 under the OECD Series on the Safety of Manufactured Nanomaterials. [External Link: report

PDF 498 KB]

In addition, at the WPMN meeting in February 2015, holding an information sharing seminar on in
 vivo inhalation toxicity screening methods was proposed by project members and then approved.
 The seminar will present state-of-art research results on intratracheal administration testing, as
 well as short-term inhalation testing developed by BASF and others, and is hosted by the US EPA
 together with a meeting of the expert group on inhalation TG amendments for nanomaterials
 mentioned in 1) above that is held in Washington DC, USA on September 21 – 22, 2015.

 Fig.④ At a break during a WPMN meeting in the OECD HQs, Paris in 2014

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2012)14&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2012)14&doclanguage=en


 project member participates in developing Technical Report ISO/TR 18637 “General framework

(3) Leading a survey on use and development of concepts of grouping, equivalence and read-
across

Under the WPMN SGAP (Steering Group on Risk Assessment and Regulatory Programs), a project
 member proposed conducting a “survey on approaches to develop or use concepts of grouping, 
 equivalence and read-across based on physical-chemical properties of nanomaterials for their 
 human health and ecosystem hazard assessment in regulatory regimes” and plays the role of the 
 project leader. The questionnaire survey for OECD WPMN members was conducted in October- 
 December 2013. He made a keynote lecture on the outline of the survey results at the above  
mentioned Expert Meeting on Categorization of Nanomaterials in 2014. 

The report of the survey is still in the state of a draft, which will be submitted to the WPMN
 meeting in November 2015, and expected to be published in 2016. This survey provides good
 opportunities to show our research results since it took equivalence as a key concept as grouping
 and read-across while OECD-GD 194 on Grouping of Chemicals does not show the concept of
 equivalence.  [External Link: OECD-GD on Grouping of Chemicals  PDF 1853 KB]

(4) Under the WPMN’s Sponsorship Program for Safety Testing of Manufactured Nanomaterials,
 our project’s toxicokinetic data on intravenously administered titanium dioxide nanoparticles in
 rats was, at Germany’s request, contributed to dossiers on titanium dioxide co-sponsored by
 Germany and France, at the end of March 2013. The dossiers on titanium dioxide were published
 on July xx, 2015 with a delay from dossiers on other eight nanomaterials published from the
 OECD’s website on June 9. [External Link: OECDdownload site for OECD dossiers ]

Contribution of our project results to ISO TC229 activities

(5) Under the TC229 WG3 (Health, Safety and Environmental Aspects of Nanotechnologies), a

 for the development of occupational exposure limits (OEL) and bands (OEB) for nano-objects and
 their aggregates and agglomerates” led by the US NIOSH, where he has succeeded in reflecting
 so much of Japan’s research results on inhalation risk assessment including a thought on
 equivalence criteria. This Technical Report is expected to be published in 2016.
 [External Link: standards and projects under the ISO TC 229 ]
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http://www.oecd.org/chemicalsafety/nanosafety/dossiers-and-endpoints-testing-programme-manufactured-nanomaterials.htm
http://www.oecd.org/chemicalsafety/nanosafety/dossiers-and-endpoints-testing-programme-manufactured-nanomaterials.htm
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=381983
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 Publications

① Development of methods for evaluating
 equivalence of nanomaterials
①(a) Development of equivalence criteria based on comparison of nanomaterials by
 intratracheal administration testing results

Implemented by the Chemicals Evaluation and Research Institute

Tsubokura Y, Oshima Y, Kobayashi T, Kikuchi J, Hashizume N, Nakai M, Ajimi S, Imatanaka N,
 Furukawa F (2013). Pulmonary toxicity of several nano TiO2 by intratracheal administration in
 rats. 6th International Symposium on Nanotechnology, Occupational and Environmental Health.
 P-02-042. (Aichi, October 28-31, 2013)

①(b) Sample preparation methods and characterization for equivalence evaluation

Implemented by the National Institute of Advanced Industrial Science and Technology

② Comparative study of inhalation toxicity testing
 and intratracheal administration testing
②(a) Comparative study of inhalation toxicity testing and intratracheal administration
 testing

Implemented by the University of Occupational and Environmental Health

Yoshiura Y, Izumi H, Oyabu T, Hashiba M, Kambara T, Mizuguchi Y, Lee BW, Okada T, Tomonaga
 T, Myojo T, Yamamoto K, Kitajima S, Horie M, Kuroda E, Morimoto Y (2015). Pulmonary toxicity
 of well-dispersed titanium dioxide nanoparticles following intratracheal instillation. J Nanopart
 Res. 17(6), 241.

Morimoto Y, Izumi H, Kuroda E (2014). Significance of persistent inflammation in respiratory
 disorder induced by nanoparticles. J Immunol Res. 2014, ID 962871.

②(b-1) Study on standardization of intratracheal administration testing: Study on
 standardization of the skill

Implemented by the Chemicals Evaluation and Research Institute

Kobayashi T, Oshima Y, Kikuchi J, Tsubokura Y, Hashizume N, Nakai M, Ajimi S, Imatanaka N,
 Furukawa F (2013). Effect of study conditions on the toxicity by intratracheal administration of
 nano TiO2 in rats, 6th International Symposium on Nanotechnology, Occupational and
 Environmental Health. P-02-043. (Aichi, October 28-31, 2013).



②(b-2) Study on standardization of intratracheal administration testing: Comparison of
 single and multiple administrations

Implemented by the Japan Bioassay Research Center

②(c) Development of a method for stable aerosol generation

Implemented by Hiroshima University

Kubo M, Nakaoka A, Morimoto K, Shimada M, Horie M, Morimoto Y, Sasaki T (2014), Aerosol
Generation by a Spray-Drying Technique Under Coulomb Explosion and Rapid Evaporation for the  
Preparation of Aerosol Particles for Inhalation Tests. Aerosol Science and Technology. 48(7), 698-705.

Shimada M, Kubo M, Horie M, Morimoto Y, Sasaki T (2014). Preparation of Aerosol Particles for
 Inhalation Tests by Spray-drying Combined with Droplet Breakup. International Aerosol
 Conference. SS07-2. (Busan, Korea, August 28–September 2, 2014).

Shimada M, Kubo M, Horie M, Morimoto Y, Sasaki T. Spray-drying Technique with Droplet Breakup 
for Preparing Test Aerosol Particles for Inhalation Experiments. 8th Asian Aerosol Conference. 2C-
1. (Sydney, Australia, December 2-5, 2013).

Kubo M, Shimada M, Horie M, Morimoto Y, Sasaki T. Preparation of nano-sized aerosol particles by
a spray-drying technique with breaking up of droplets. 6th International Symposium on  
Nanotechnology, Occupational and Environmental Health. O-29-A-10. (Aichi, October 28-31, 2013).

(d) Development of a method of capturing aerosol particles in liquids

Implemented by the National Institute of Advanced Industrial Science and Technology

Iida K, Sakurai H, Ehara K (2013). Aerosol-to-Liquid Phase Collection: A Method for Making Liquid
 Suspension Containing Dry-Dispersed Nanomaterials. American Association for Aerosol Research
 33nd Annual Conference. 3AE.2. (Florida, USA, October 20-24, 2014).

Iida K, Sakurai H, Ehara K (2014). Aerosol-to-Liquid Phase Collection: A Method for Making Liquid
 Suspension Containing Dry-Dispersed Nanomaterials. International Aerosol Conference. SS07-4.
 (Busan, Korea, August 28-September 2, 2014).

Development of supporting methods for toxicity
 testing and assessment of nanomaterials

(a-1) Development of quantification methods for distributions of nanomaterials and
 biological responses

Implemented by the National Institute of Advanced Industrial Science and Technology

②

③

③



(a-2) Development of measurement methods for toxicokinetics of PEAPOD

Implemented by Shinshu University

Kobayashi S, Tsuruoka S, Usui Y, Haniu H, Aoki K, Takanashi S, Okamoto M, Nomura H, Tanaka
 M, Aiso S, Saito M, Kato H, Saito N (2015). An advanced in-situ imaging method using heavy
 metal doped hollow tubes to evaluate the biokinetics of carbon nanotubes in vivo, NPG Asia
 Materials 7, e203, 2015.

Tsuruoka S, Matsumoto H, Koyama K, Akiba E, Yanagisawa T, Flemming R. C, Saito N, Usui Y,
 Kobayashi S, Dale W. P, Vinsent C, Endo M (2015). Radical scavenging reaction kinetics with
 multiwalled carbon nanotubes. Carbon. 83, 232-239.

(b) Development of mathematical models of toxicokinetics and biological responses of
 nanomaterials

Implemented by the National Institute of Advanced Industrial Science and Technology

Shinohara N, Oshima Y, Kobayashi T, Imatanaka N, Nakai M, Ichinose T, Sasaki T, Kawaguchi K,
 Zhang G, Gamo M. (in print) Pulmonary clearance kinetics and extrapulmonary translocation of
 seven titanium dioxide nano and submicron materials following intratracheal administration in
 rats. Nanotoxicology. doi:10.3109/17435390.2015.1015644

Zhang G, Shinohara N, Kano H, Senoh H, Suzuki M, Sasaki T, Fukushima S, Gamo M (2015) .
 Quantitative evaluation of the pulmonary microdistribution of TiO2 nanoparticles using XRF

③

③

 microscopy after intratracheal administration with a microsprayer in rats. Journal of Applied
 Toxicology. 35(6), 623–630.

Shinohara N, Oshima Y, Kobayashi T, Imatanaka N, Nakai M, Ichinose T, Sasaki T, Zhang G, Fukui
 H, Gamo M (2014a). Dose-dependent clearance kinetics of intratracheally administered titanium
 dioxide nanoparticles in rat lung. Toxicology. 325(5), 1-11.

Shinohara N, Danno N, Ichinose T, Sasaki T, Fukui H, Honda K, Gamo M (2014b) Tissue
 distribution and clearance of intravenously administered titanium dioxide (TiO2) nanoparticles.
 Nanotoxicology. 8(2), 132-41.

③(c) Development of cell culture models of lung alveoli as evaluation systems for
 mathematical modeling

Implemented by the University of Tokyo

Iwasawa K, Tanaka G, Aoyama T, Chowdhury MM, Shinohara M, Komori K, Tanaka-Kagawa T,
 Jinno H, Sakai Y (2013). Prediction of phthalate permeation through pulmonary alveoli using a
cultured A549 cell-based in vitro alveolus model and a numerical simulation. AATEX. 18(1), 19- 31.

④ Monitoring international activities
Implemented by the National Institute of Advanced Industrial Science and Technology, and Keio
 University
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