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鳥獣人物戯画より 

                           NanOEH6 

 

 

Nanotoxicology  

- its chronic aspects 
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Safety Research Center, National Institute of Health 
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Human Examples of Chronic 

Particulate Matter Toxicity 

• Asbestos (biopersistent fiber; mesothelioma/ 

lung carcinoma)  
 

• Thorotrast (3-10 nm-sized biopersistent 

thorium dioxide particles; reticuloendothelial 

system (RES) deposition with in vivo half life of 

22~400 years) 
 

• (Welding fume and cardiovascular diseases) 
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Current status  

• Knowledge of asbestos has facilitated the analysis on 
biological effects of mm-MWCNT. 
 

• Thorotrast foretells entrapment of biopersistent 
nanoparticles by the reticuloendothelial system for a 
very long time period. 
 

• Biopersistent nanoparticles may show low acute 
toxicity, but could show chronic toxicity. 
 

• Study protocols should be set in a case-by-case basis, 
at least for the moment.  
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MWCNT：3mg/animal =1.06 X109 fiber/mouse ＝ 1.86 X108 WHO fiber/mouse) 
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crocidolite 
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  300 mg/animal = 1x108 fiber /animal 

    30 mg/animal = 1x107 fiber /animal 

      3 mg/animal = 1x106 fiber /animal 

Three doses 
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Low dose group #19 

Takagi et al. Cancer Science, 2012  

3 mg/animal = 1/1,000 of the first study 
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Takagi et al. Cancer Science, 2012  

Low dose 
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Low dose 
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Figure 3 

a 

b 
* 

50 mm 

Takagi et al. Cancer Science, 2012  
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Mesotheliomagenesis 

• Morphology-based speculation 
 

– A persistent chronic inflammatory lesion on/ near the 
surface of mesothelium consisting of fiber-laden 
macrophage and mononuclear cell accumulation is 
important 
 

– Foreign body giant cells, epithelioid cell granuloma, and 
scar formation are not directly related to 
mesotheliomagenesis (segregation mechanism). 
 

– Narrow definition of Frustrated Phagocytosis; persistent 
single cell phagocytosis that does not lead to giant cell 
formation, epithelioid cell granuloma formation nor local 
scar formation. 
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a b c 

d 

e 

10 mm 10 mm 

Unknown (not fully tested yet) is the  

Chronic Toxicity of Systemic MWCNT Dissemination. 
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Human Examples of Chronic 

Particulate Matter Toxicity 

• Asbestos (biopersistent fiber; mesothelioma/ 

lung carcinoma)  
 

• Thorotrast (3-10 nm-sized biopersistent 

thorium dioxide particles; reticuloendothelial 

system (RES) deposition with in vivo half life of 

22~400 years) 
 

• Welding smoke and cardiovascular diseases 

(heart, brain) 
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  Unpublished data 
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F4 

Enhanced renal toxicity: 

Renal toxin (methyl cellulose) + C60 
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Proposed study direction 

1. Known mechanism  

  ・fiber carcinogenesis - intraperitoneal injection model 

  ・systemic distribution - i.p. model = i.v. with a filter 

 

2. Unknown mechanism  

 Animal experiment using human relevant route of exposure* 

 

 

  → hazard identification 

  → mechanism identification (assumption) 

  → dose-response data in experimental animals   

 

 

 

 

*：inhalation (whole body, intratracheal), dermal, oral                

Assumption of human toxicity and dose-

response characteristics 
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Case study: MWCNT (MWNT-7) 

• Human environment allows to inhale dispersed single 

fibers  

– Low wind in human environment compared to constant 

rigorous agitation of air in animal chamber 

– Human upper respiratory tract is much longer than rodents’ 

• Alveolar lesions are important 

– In earlier rodent studies, aggregates/agglomerates induced 

lesions at proximal segments; masking distal lesions 

• Preparing well-dispersed single fiber aerosol  

– Without dispersant 

– No change is size (length and width) of single particles 
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Taquann method (outline) 

Based on two idea of  

• Liquid phase dispersion and filtration using 

volatile dispersant. 

• Critical point drying to avoid aggregation by 

surface tension. 

 

Highly dispersed single MWCNT fibers can be 

produced in precise aliquots. 



31 

NanOEH6 @ Nagoya Convention Center 2013-10-29 jk 
31 
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Taquahashi et al., J Tox Sci 38:619-628, 2013 

Version 1 

cartridge 
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2013-10-25 

Version 2 
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第40回 日本毒性学会学術年会 シンポジウム４ 

Chamber air sample 

5L/min for 3 minutes  SEM x1,000 (scale bars are 10 um). 

Taquahashi et al., J Tox Sci 38:619-628, 2013 
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From the lysed lung 

Taquahashi et al., J Tox Sci 38:619-628, 2013 
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On-going study: Taquann-Direct Injection System 

whole body MWCNT inhalation study (C57BL/6 p53 +/- male) 

Group/ 

Exposure* 
Conc.       Sampling 

  mg/m3   Animal no. 0D 13W 26W 39W 52W 

Control 

0 mg/cartridge 
0 

Pathology 

48 

3 7 7 8 8 

Burden 3 3 3 3 3 

Taquann L 

250 mg/cartridge 
1 

Pathology 

48 

3 7 7 8 8 

Burden 3 3 3 3 3 

Taquann H 

500 mg/cartridge 
2 

Pathology 

48 

3 7 7 8 8 

Burden 3 3 3 3 3 

*: 2hr exposure per week for 5 weeks (total 10 hr)  
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Control NANO-AP_13W_Control_239_21 

Polarized  
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NANO-AP_13W_Control_239_21 Control 
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High Day 0 
NANO-AP_0day_High_086_2 

Unpublished data 
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NANO-AP_13W_High_162 
High 13W 

Unpublished data 
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NANO-AP_13W_High_162_11 
High 13W 

Unpublished data 
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NANO-AP_13W_High_179_513 
High 13W 

Unpublished data 
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NANO-AP_13W_High_179_513 
High 13W 

Unpublished data 
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NANO-AP_13W_High_162_17 
High 13W 

Unpublished data 
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NANO-AP_13W_High_163_10 
High 13W 

Unpublished data 
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NANO-AP_13W_High_163_14 
High 13W 

Unpublished data 
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NANO-AP_13W_Low_159_17 
Low 13W 

Liver 

Pleural cavity 

Unpublished data 
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NANO-AP_13W_Low_159_26 
Low 13W 

Unpublished data 
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NANO-AP_13W_High_179_12 
High 13W 

Unpublished data 
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Nanos to be tested 

• CNTｓ 

• TiO2 

• ZnO 

• C60 

• Ag,  An,  Zn 

• Graphen 

• Nano-Cellulose 

• others 

 

 

 

• NM with Specific 

Affinity  

– DNA/RNA 

– Protein  

 = enzyme inhibition 

 = antibody-like  

 = amyloid/ prion-like  
 

Aptamer-conjugated 

 

 

Application of Taquann System  
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Taquann trial:  TiO2  

(primary particle diameter; 35 nm) 

Bulk 

Suspension in water 5,000ｘ 

Taquann 5,000ｘ 
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Taquann trial: C60  

Bulk 20mg Taquann 20 mg 
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c60 Taquann 3A24 9 x40 
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C60 

Bulk 5,000ｘ Taquann 5,000ｘ 
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Summary 

• For the monitoring of general pulmonary toxicity (acute and chronic), a small 
scale inhalation system together with more universal dust generation system 
is developed. 

• This Taquann method generates well-dispersed MWCNT without 
aggregate/agglomerates and without dispersants. 

• The size of the single particle is no affected  

• Taquann + Cartridge-direct injection system keeps operator and room clean. 

• Pilot study showed single fibers reaching alveolar spaced without proximal 
lesions. 

• Can be used for other nanoparticles as long as insoluble to tert-butyl alcohol 

 

• Improved second version is under testing. 
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Current study direction 
1. Known mechanism  

  ・fiber carcinogenesis - intraperitoneal injection model 

  ・systemic distribution - i.p. model  
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 Animal experiment using human relevant route of exposure* 
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Conclusion 

• For the monitoring of general inhalation toxicity, both 
acute and chronic, an universal dispersion method is 
introduced; Taquann method. 

• A small scale whole body inhalation system 
(Taquann-direct injeciton system) was made; the 
equipment is relatively cheap and ready for varieties 
of nanomaterial samples.  

• The authors hope that these two methods/systems 
will facilitate inhalation toxicity studies for monitoring 
the unpredictable toxicity induced via whole body 
inhalation. 
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END 


