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INTRODUCTION 

1. The WPMN information sharing seminar on in vivo inhalation toxicity screening methods for 

manufactured nanomaterial was held on 21 September 2015 at US EPA headquarters in Washington, D.C. 

United States. The meeting was chaired by Japan, who opened the meeting and welcomed the participants. 

Participants were from France, Germany, Japan, Korea, the Netherlands, United Kingdom, United States, 

European Chemicals Agency (ECHA), industry (BIAC), environment and animal welfare NGOs and the 

Secretariat to the WPMN. The list of participants is available in Annex II. 

RECENT DEVELOPMENT AND APPLICATION OF SHORT TERM INHALATION STUDY 

"Short-Term Inhalation Study (STIS) as a range finder and screening tool in a tiered grouping 

strategy" Lan Ma-Hock, Head of Inhalation Toxicology, BASF SE, Germany 

2. Short-term inhalation study employs a physiological way of administration. The study design 

presented covered the following key elements:  

1. Inflammation potency at the respiratory tract;  

2. Potential reversibility or progression of the effects; and 

3. Deposition and clearance kinetics. 

4.  

3. Based on a few case studies, the application of short-term inhalation study as screening tool and 

range finder was presented. In the general discussion, the rationale for choosing recovery period of 3 

weeks was questioned, mantioning the fact that the physiological clearance half-time is between 60 and 70 

days. The answer was: it is a pragmatic approach to collect information on effect reversibility and 

clearance rate. As the method is introduced as a screening tool for grouping approach or as a range finder 

for sub-chronic studies, it is justified not to have the complete clearance kinetic, nor is a full reversibility of 

the effects required.  

"Use of short-term inhalation study to obtain initial hazard data and to prepare subacute and 

subchronic inhalation studies"  

Il Je Yu, Institute of Nanoproduct Safety Research, Hoseo University, Korea 

 

4. A further thought to use the short-term inhalation study was introduced by Korea. He pointed out 

that an acute inhalation study according to OECD TG 403 did not provide valuable hazard information of 

nanomaterials. Instead of the acute inhalation study, a short-term inhalation study may be performed. This 
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type of study provides initial hazard information on nanomaterials and kinetics. Based on these data, 

concentration selection and study design may be established for the subsequent repeated dose inhalation 

studies. Interestingly, in the case studies presented, bronchoalveolar lavage was not as sensitive as 

histopathology. In the general discussion, the importance of histopathology was emphasized.  

"Comparing short-term pulmonary bioassay studies with longer-term inhalation studies: What are the 

Advantages and Disadvantages?" 

David Warheit, Chemours, USA 

 

5. The speaker compared the screening studies with the inhalation studies. The first talk compared 

short-term pulmonary toxicity assay with long-term (90-day) inhalation studies. The fundamental tenets of 

pulmonary toxicology were presented: 

1. Robust characterization of the test material; 

2. Implementation of a dose/response regimen; 

3. Time course characteristics; and 

4. Inclusion of benchmark (reference) test materials (positive or negative controls). 

 

6. Appropriately designed sub-chronic 90-day inhalation study covers most of these aspects. It is so 

labor and cost intensive that a benchmark control group or an additional examination time point often 

cannot be included. In comparison to the 90-day inhalation study, instillation study is more flexible with 

regards of simultaneous testing of several materials including benchmark controls. Testing of several post-

exposure time points are also very common. Still, sub-chronic 90-day study is the golden standard for 

setting occupational exposure levels for humans and is the more physiological way of administration. This 

talk emphasized a long post-exposure observation period of 90-days. The duration of the post-exposure 

period was the main issue of the discussion. It was also mentioned that use and the interpretation of 

pulmonary screening bioassays in regard to risk assessment i.e. at the workplace can be supported by 

“bridging” the results to previous performed subchronic inhalation studies.  

RECENT DEVELOPMENT AND APPLICATION OF INTRATRACHEAL ADMINISTRATION 

STUDY 

"Pulmonary inflammatory responses following intratracheal administration and inhalation exposure of 

nanoparticles" 

Yasuo Morimoto, Institute of Industrial Ecological Sciences, University of Occupational and 

Environmental Health (UOEH), Japan 

 

7. Comparing instillation studies with 4 week inhalation studies showed that the instillation studies 

were able to differentiate the pulmonary inflammation potency of NiO, CeO2 and TiO2. The following 

questions were discussed:  

1. Did you compare the results with in vitro studies?; 
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2. Dispersion of the materials; 

3. Distribution within the lung after inhalation and instillation; and  

4. Clearance rate after inhalation and instillation. 

 

8. The speaker answered that his group did not perform in vitro study and did not compare the in 

vivo data with in vitro data. For inhalation and instillation studies, the test materials were dispersed in 

medium. The suspension was sprayed to generate aerosol in inhalation studies. The particle morphology in 

the media and in the lung differed from each other. The instillation achieved distribution in all lung lobes 

although more in the center focal region. The distribution after inhalation was more homogenous among 

the peripheral region. The clearance was comparable with slower clearance (e.g. CeO2) after instillation 

than inhalation. Overall, instillation was considered being appropriate to be used as a screening tool to rank 

pulmonary toxicity of nanomaterials.  

 

"Lung lesions induced by intratracheal administration of nanomaterials in rats: Their differences in 

treatment frequencies and comparison with inhalation exposure" 

Shoji Fukushima, Director, Japan Bioassay Research Center, Japan Industrial Safety & Health 

Association, Japan 

 

9. This talk focused on the administration regime of the instillation. Effects after single application 

was compared with those of 2, 3 or 4 instillations achieving the same final dose. For TiO2 there were no 

differences between the treatment regimes. Based on bronchoalveolar lavage data, the toxicity of NiO 

increased with the frequency. However, histopathology did not reveal any differences in severity. Thus, 

single intratracheal administration was considered appropriate for hazard identification. Instillation of 

MWCNT was indicative for outcome after inhalation exposure. The general discussion was focused on 

data of MWCNT: 

1. Is there difference in size of CNT between IH and IT studies?  

2. Was fibrosis found in both studies?  

3. Was the suspension of CNT for IT prepared by collecting aerosol used for IH study?  

 

10. The answers were: it seemed that the sizes in inhalation and instillation studies were comparable. 

Fibrosis was found in both inhalation and instillation studies with MWCNT. In instillation study MWCNT 

was first dispersed in media prior to instillation. Both administration methods employed essentially 

different sample preparation before application. It was pointed out that distribution after instillation is 

uneven. It depends sample preparation and administration technique and encounters this shortness. Data 

evaluation and interpretation should consider the unevenness of the material deposition. It is recommended 

to use area under the curve as a metric of dose. 
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"Standardization of protocol" 

Yutaka Oshima, Chemical Evaluation and Research Institute (CERI), Japan 

 

11. The next talk worked out technical details of intratracheal instillation including anesthesia, 

administration device, procedure, instillation volume, concentration of the formulation. Addressing the 

above-mentioned technical issues, the most appropriate protocol for nanomaterials was suggested. The 

question was again, whether the distribution within the lung was homogeneous. As shown before, the 

distribution within the lung after instillation was not homogeneous as after inhalation. However, since the 

distribution was found reproducible to some extent, the results can be reasonably interpreted.  

DISCUSSION ON HARMONIZATION AND STANDARDIZATION OF THE METHODS 

12. The last talk is the connection to the discussion with regard to harmonization and standardization 

of the methods. At the very beginning phase, it was clarified that "harmonization and standardization" did 

not mean development of a regulatory-accepted new test guideline. The introduced short-term bioassays 

were intended to be used as screening and range finding studies. There was general agreement among the 

attendees that even for a screening tool, certain standardization is essential, that the data collected by 

academia and industry were reproducible and interpretable. The representative of regulatory bodies (BfR 

and ECHA) would welcome harmonized and standardized screening tools collecting more hazard 

information on different nanomaterials in order to apply grouping approach and enable risk assessment 

based on a solid data base. There were concerns of feasibility of standardization of intratracheal instillation 

on the current stage. Up to now, very few technical details were examined in detail. It was pointed out that 

more effort is necessary before standardization process can be initiated. Moreover, reviewing existing data, 

the variation of brochoalveolar lavage procedure were significant. However, most of the reported methods 

did lead to reasonable results, with exception of very few institutes. Is standardization still necessary? 

SUGGESTIONS FOR GUIDANCE AND FRAMEWORK OF DISCUSSED SCREENING 

METHODS 

13. It was suggested to achieve a standardized protocol within ISO. The majority of the attendees 

consider ISO as one possible option to standardize technical details. However, OECD was considered a 

more appropriate platform for application and the interpretation of the screening data. A guidance for use 

of screening tools i.e. in an integrated testing strategy and on interpretation of screening data (i.e. for 

hazard ranking, but also to predict possible long-term toxicity) may be helpful for risk assessors and 

regulators. 
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TECHNICAL DISCUSSION 

14. In a more technical discussion, the exposure techniques of inhalation versus intratracheal 

instillation were compared. It was stated, inhalation and instillation have their legitimacy as screening 

tools. Inhalation reveals port of entry effects throughout the respiratory tract while instillation bypasses the 

upper respiratory tract and cause bolus effects. Based on the determined no effect concentration in the 

atmosphere, inhalation study can be used for regulatory purposes. However, inhalation study required 

elaborate equipment and thus cannot be performed easily. The available data indicated that despite of bolus 

effect after instillation, it reveals reliably the quality of the changes caused by the test substance, providing 

appropriate dose is used. Histopathological evaluation is essential.   
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ANNEX I. AGENDA 

 

21st September 2015 
 

8:30-8:35 

 

Opening remarks          
Masashi Gamo, AIST,  

Japan 

 

8:35-9:40 

(65 min) 

 

Recent development and application of Short Term Inhalation Study (STIS) 

 

 

 Short-Term Inhalation Study (STIS) as a range finder and screening tool 

in a tiered grouping strategy 

Lan Ma-Hock,  

Head of Inhalation Toxicology,  

BASF SE, Germany 

 

 Use of short-term inhalation study to obtain initial hazard data and to 

prepare subacute and subchronic inhalation studies 

Il Je Yu,  

Institute of Nanoproduct Safety Research, Hoseo University, Korea 

 

 Comparing short-term pulmonary bioassay studies with longer-term 

inhalation studies: What are the Advantages and Disadvantages? 

David Warheit,  

Chemours, USA 

 

9:40-10:10 Coffee Break 

10:10-11:15 

(65 min) 

 

Recent development and application of Intratracheal Administration Study 

(ITAS) 

 

 

 Pulmonary inflammatory responses following intratracheal 

administration and inhalation exposure of nanoparticles 

Yasuo Morimoto,  

Institute of Industrial Ecological Sciences, University of Occupational and 

Environmental Health (UOEH),  

Japan 

 

 Lung lesions induced by intratracheal administration of nanomaterials in 

rats: Their differences in treatment frequencies and comparison with 

inhalation exposure 

Shoji Fukushima,  
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Director, Japan Bioassay Research Center, Japan Industrial Safety & Health 

Association,  

Japan 

 

 Standardization of protocol 

Yutaka Oshima,  

Chemical Evaluation and Research Institute (CERI),  

Japan 

 

11:15-11:55 

(40 min) 

Discussion 

 

Co-chairs: Masashi Gamo, AIST, Japan and Karin Wiench, BIAC 

 

 

- What are the next steps for the better use of the screening methods?   

 

- When can we make effective use of the methods as screening tools? 

 

11:55-12:00 

 

Closing remarks          
Karin Wiench,  

BIAC 
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and Research Institute, Japan 
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