Vivo
Frustrated phagocytosis
H30
AMT-600 30 nm T-TiO2
MWCNT MWNT-7 Taguann
53 um
T-CNT7#53
Taguann ver.3.0
C57BL/NcrSlc 12 2hr/day/week 5 10
1 4 8
5
T-TiO2 T-CNT7#53 34.8+ 3.1 mg/m3
3.0+ 0.1 mg/m3 CPC T-TiO2 T-CNT7#53 560,817+
56,441/cm3 1,449+ 155/cm3 MMAD T-TiO2 T-CNT7#53

893 1,060nm(cg:3.5 4.2) 522 1,114 nm og:5.3 7.9
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in vivo

Frustrated
phagocytosis
H29
3
MWCNT
MWNT-7

MWNT-7
Taguann 25 um

T-CNT7#25

H30
AMT-600

MWNT-7 53

um
Taguann ver.3.0
C57BL/NcrSlc 12
30 mg/m3

2hr/day/week 5 10

1 4

8

B-1. Taquann

MWNT-7  Taquann
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MWCNT
Taquann
Taquann SEM
B 25.69 °C
B
2
MWNT-7 Taquann
1



AMT-600

TiO2 98
30 nm
pH
52 m2/g
1 mg/mL
SU-3TH 40W
25 um

Vacuubrand MD4C NT+AK+EK
B

Taquann
2 MWCNT
MWCNT MWNT-7
70-170 nm 100 nm

1-19um >5um 27.5
3.55x101 /g

99.5
3500 ppm
470 ppm
20 ppm
<5 ppm
<40 ppm

MWCNT
B

34kHz

B

B

15

T-TiO2

50

SU-3TH
40W 34kHz 15
53 um
B
MWCNT
H29 25 um
H30
53 um
25 um
Taquann MWNT-7 T-CNT7#25
53 um Taquann
MWNT-7 T-CNT7#53
T-CNT7#25 T-CNT7#53
0.02 um @ 25mm, Anodisc
HPC- SW
5
VE-9800 KEYENSE
2,500 2 2.8kV
B-2.
1
C57BL/6NcrSLC
10 2
12
MWCNT
2
PET
1 4

RAIR HD SUPER MOUSE 750™



25+1 55+5 20
/h 8 20
12 CRF-1
Shepherd Specialty Papers
3
T-TiO2 30 mg/ms3
T-CNT7#53 3 mg/m3 3
48 16
12
20
25 25
Sub-group A Sub-group B
2 10 00 12 00 1
5 10 1
4
MWCNT Tagquann
Ver3.0
3
25 mL 20 mm
80 mm
4
T-TiO2
1mg/mL 13mL
T-CNT7#53 0.05 mg/mL
10 mL
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B

T-TiO2
13 mg/ T-CNT7#53 0.5 mg/
43 L
ULPA
0.4 Mpa 0.2 1
3
32.5 L/min 29.5 L/min
CPC 1.5 L/min
1.5 L/min
2 1
4 2
30
Ver.2.5
Ver3.0
2
5
Ver3.0
25

PET 660
mm 477 mm



179 L
6
CPM; count per minutes
mg/m3
3x105 /mL 25
nm
(Condensation Particle Counter CPC
CPC3776 1.5 L/min TSI MN
USA
CPC
CPC MWCNT
1x103 /mL
T-CNT7#53 10 CPC
CPC
MWCNT 100 nm
10 pum
T-TiO2 CPC
15

080050-155 @55 mm

Model TX40HI20-WW  ¢@55mm
DOP 0.3 um : 99.9%
Asbestos sampling pump

AIP-105 1.5 L/min

52

1.5 L/min X
120min 180 L 1m3
XP26V

METTLER TOLEDO

T-TiO2 T-CNT7#53
Uniform Deposit Impactors (MOUDI)
Mass Median Aerodynamic Diameter (MMAD)
10 L/min

Micro-Orifice

MOUDI Model 125 Nano
MOUDI KANOMAX No.1 10 um
No.2 5.6 um No0.3 3.2 yum No.4 1.8 um
No.5 1.0um No.6 0.56 um No.7 0.32 um
No.8 0.1 um No0.9 0.10 um No.10 0.056

pm No.11 0.032 ym No.12 0.018 pum
No.13 0.01 um T-TiO2
10 T-CNT7#53 20
50
3
XP26V METTLER
TOLEDO
MOUDI MWCNT

Scanning Mobility Particle Sizer SMPS,

Model 3034, 1.0 L/min TSI
MN USA SMPS
10~500 um T-TiO2
SMPS
25
180L



01 (1w) 4

DS

21G SV-21CLK-2

40cm

BAL

1 T-CNT7#25 T-CNT7#53

Day
(4W) 8 8wW) 2,500 50 51 pmx 38 um
Aggregates
TK-7 Agglomerates
Aggregates T-CNT7#25 T-CNT7#53
05 / 1.4 |/ Agglomerates
T-CNT7#25 T-CNT7#53 15
T-CNT7 4.1 /
T-CNT7#53 T-CNT7#25 Aggregates
Agglomerates
Aggregates Agglomerates
25 75
5
2 T-TiO2
6
T-TiO2 5
Sub-Group Ax
5 Sub-Group Bx 5 10 34.8
+ 3.1 mg/ms3 + SD
CPC 10 560,817 =
PBS mL 56,441/cms3 + SD 7
8
MMAD 893 1,060nm(cg:3.5 4.2)
5 975.3 nm
8
SMPS 1
30 150

53



Sub-Group B
8
149.4 nm 177.6 nm

390 mg 2
3.9 m3
100 mg/m3
34.8 mg/ms3
34.8%

3 T-CNT7

T-CNT7 5
Sub-Group A
x 5 Sub-Group Bx 5 10 3.0
+ 0.1 mg/ms3 CPC
10 1,449+ 155/cm3 9
10
MMAD 522 1,114 nm(cg:5.3 7.9)
5 788.2 nm
10
2
15 mg 2
3.9 m3
3.8 mg/ms3
3.0
mg/ms3
78.9%

(4)
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Taquann Taquann

Taquann

25 um

Taquann
Ver2.5

Ver2.5

T-CNT7#53

T-CNT7#25

53 um

T-CNT7#25

Ver3.0

Ver3.0

16

25

Ver3.0



MWCNT
Ver2.5
MWNT-7 40%
Ver3.0 80% 2
Ver2.5
Ver3.0
Ver2.5
35% Ver3.0
2
MWCNT
MWCNT
Ver3.0

30 nm 25 um

Taquann T-TiO2
MWNT-7 53 um
Taquann T-CNT7#53 5
T-TiO2 T-CNT7#53 348+ 3.1
mg/m3 3.0+ 0.1 mg/m3 CPC
T-TiO2 T-CNT7#53 560,817+
56,441/cm3 1,449+ 155/cm3
MMAD

T-TiO2 T-CNT7#53 893

1,060nm(cg:3.5 4.2) 522 1,114
nm(cg:5.3 7.9)

Abdelgied M, EIl-Gazzar AM, Alexander DB,
Alexander WT, Numano T, ligou M,
Naiki-lto A, Takase H, Abdou KA, Hirose A,
Taquahashi Y, Kanno J, Abdelhamid M,
Tsuda H, Takahashi S. Pulmonary and
pleural toxicity of potassium octatitanate
fibers, rutile titanium dioxide nanoparticles,
and MWCNT-7 in male Fischer 344 rats.
Arch Toxicol. 2019 Feb 13.

Otsuka K, Yamada K, Taquahashi Y, Arakaki R,
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Yuhji

Ushio A, Saito M, Yamada A, Tsunematsu T,
Kudo Y, Kanno J, Ishimaru N. Long-term
polarization of alveolar macrophages to a
profibrotic phenotype after inhalation
exposure to multi-wall carbon nanotubes.

PLoS One. 2018 Oct 29;13(10):e0205702.

Abdelgied M, El-Gazzar AM, Alexander DB,

Alexander WT, Numano T,
Naiki-Ito A, Takase H, Abdou KA, Hirose A,
J, Tsuda H,
Takahashi S. Potassium octatitanate fibers

ligou M,

Taquahashi Y, Kanno
induce persistent lung and pleural injury
in male
2018

and are possibly carcinogenic
Fischer 344 Sci.
Jul;109(7):2164-2177.

rats. Cancer

19
2018.7.17

45
2018.7.18

45
2018.7.18

Jun Kanno, Chuen- Jinn Tsai, Plenary Session

4: Improvement of Inhalation Toxicity
Testing for Nanomaterials and Compliance
Monitoring for Ambient PM.,
Lectures, Xth
Conference (IAC 2018) ,Invited, 2019.9.6,St.

Louis.

Plenary

International  Aerosol

Satoshi Yokota, Koichi

Masaki Tsuji, Yoko Hirabayashi,

Taquahashi,
Morita,

Akihiko
Development of Whole Body Inhalation

Hirose and Jun  Kanno,
System for Well-Dispersed Nanomaterials
Toxicity Testing -Taquann Direct-Injection
Whole Body Inhalation System-, Poster,
58th Annual Meeting of the Society of

Toxicology, 2019.3.12., Baltimore

2018-81836 2018.4.20
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Human exposure

Respirable fraction; Highly dispersed single fibers

Aerosol with aggregates/agglomerates

Disturb inhalation of single fibers

Aerosol without aggregates/agglomerates
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[U-cNT | S‘ics)pTegd a?g?;:w —[Filter |+ Snap-freeze |»[ Sublimate |+ T-CNT |
/
c Suspension See
Filler extension ViEgon meters Fig.4

\

CNFETOHEER: 25umZ%{EFH
H304 & : 53um%{&

Filterate to Collecting Bottle

2 Taquann

a MWCNT U-CNT B B
b -25 c
FM34F T.P.C. DC MOTOR
17.6 m/s? 4 d
MWCNT H30 53 Taquahashi et al .,
JTS, 2013;38 4 :619-28
N Necropsy after inhalation exposure
Group Examinations N Day 0 1w aw SW
Control -Lung Burden 12 3 3 3 3
0 mg/m? - Histopathology(perfusion) 12 3 3 3 3
2hr/DIWxEW -Immune function
Total 10hr BALF(Cytospin, Flow cytometry, Multiplex)
Pulmonary interstitium mRNA 24 6 6 6 6
Spleen, Lymph node
Subtotal 48 Consist of two sub-groups, A&B
AMT-600 -Lung Burden 12 3 3 3 3
30 mg/m? - Histopathology(perfusion) 12 3 3 3 3
2hr/DIWx5SW -Immune function
Total 10hr BALF(Cytospin, Flow cytometry, Multiplex)
Pulmonary interstitium mRNA 24 6 6 6 6
Spleen, Lymph node
Subtotal 48  Consist of two sub-groups, A&B
MWNT-7 #53um -Lung Burden 12 3 3 3 3
3 mg/m? - Histopathology(perfusion) 12 3 3 3 3
2hr/DIWxSW -Immune function
Total 10hr BALF(Cytospin, Flow cytometry, Multiplex)
Pulmonary interstitium mRNA 24 6 6 6 6
Spleen, Lymph node
Subtotal 48 Consist of two sub-groups, A&B
Total number of animals 144
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Cartridge Loader 4—— Subchamber

—

/\j: > ” ” Injector
- e

3 Taquann Ver 3.0
43 L
ULPA

Cartridge ver. 2.5 Cartridge ver. 3.0
Outlet Outlet

Inlet

4 Taquann

25mL 20 mm 80 mm
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100%

80%

60%

40%

20%

0%

Sub-Group A Sub-Group B
Group
Tuesday Wednesday
Control CPC CPC
T-TiO, Mass Concentration Mass Concentration
CPC CPC
MOUDI SMPS
T-CNT7#53 Mass Concentration Mass Concentration

CPC

CPC
MOUDI

Agglomerate/Aggregate

25 micro-m Mesh

53 micro-m Mesh

mAggregates ®Agglomerates

_4//' Counts of Agglomerate/Aggregate per Field

(SEM x2,500 51 x 38 micro-m)

. 4
-"’
[ >
) [ -I
I | ]

25 micro-m Mesh

=Aggregates = Agglomerates

5 T-CNT7#25 T-CNT7#53
2,500 50
Aggregates Agg lomerates
NANO-BG thE # 5
400
35.0
siii —
& 250 R
% 200 —a—Control
'E' 150 e AMT-600
== MWNT-7
100
50
0.0 T T T T T
5 -4 -3 2 1 0 1 2 3 4 5 6 8
LT PR 6 (W)
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53 micro-m Mesh

51 pumx 38 um



Group A 1st cpCcount Group A2nd cCcount Group A3rd coccount

Group B 1st coccount Group B 3rd coccount

Group B 4th crccoms | GroupBsth crccount
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7 T-TiO2 CPC

5th Particle cumulative distribution -

N "FILE:NANO-BG AMT-§00 181205 Viewing Sample#37"
‘ "Sample Date/ Time:20[18/12/0511:37:19"

® ®w 0w

e
Eecues Moty Diamens 1)

Summary: Characterization of aerosol

T-TiO; Mean SD
Titanium dioxide Mass Concentration (mg/m®) 348 31
(AMT-600) CPC count (#mL) 560,817 56,441

MMAD (nm, Model125, KANOMAX) 975.3 3.7

Scanning Mobility Particle Sizer (Model 3034, TSI) Number Particle Size

Median (nm) 149.4
Mean (nm) 1776
Geo. Mean (nm) 149.8
Mode (nm) 1286
Geo. St. Dev. 1.81

8 T-TiO2
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@com | GroupA2nd @com | GroupA3rd  @ceum

- It i, M-

cPc cou

9 T-CNT7#53 CPC

5th Particle cumulative distribution

Summary: Characterization of aerosol

T-CNT7#53 Mean sD
MWCNT Mass Concentration (mg/m?) 3.0 0.1
(MWNT-7 53 um Mesh Filtered) CPC count (#/mL, Model3776,TSI) 1,449 155

MMAD (nm, Model125, KANOMAX) 788.2 7.0

10 T-CNT7#53
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