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Frustrated phagocytosis

Taguann ver.2.0 3.0
12 2hr/day/week 5
1 4 8
29
MWNT-7( ) 25um
30 AMT-600
MWNT-7 53 um
MWCNT-N MWCNT-N
MWCNT-N
MWNT-
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in vivo

Taquannh

C57BL/NcrSlc

10
MWCNT
30 nm TAYCA
MWCNT
5
MWCNT-N
MWCNT-N



2hr/day/week 5 10

1 4
8
in vivo
B-1. Taquann
MWCNT Tagquann
Frustrated
phagocytosis
3
MWNT-7
Taquann
29 Taquann SEM
3
MWCNT
MWNT-7 MITSUI & Co.,LTD.
MWNT-7 B 25.69 °C
Taquann 25 um
30
AMT-600 TAYCA CO.,LTD.
MWNT-7 53 um
B
MWCNT MWCNT-N 1
Taquann 53 um
1
Taguann AMT-600
ver.3.0
C57BL/NcrSlc 12
1 mg/m3 3 mg/m3
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40W 34kHz 15
TiO2 98
30 nm 53 um
pH
52 m2/g B
MWCNT
MWNT-7 29 30
B 1 mg/mL 29 25 um
SU-3TH 40W 34kHz
15 30
25 um 53 um
Vacuubrand MD4C NT+AK+EK 25 um
B Taquann MWNT-7
Taquann T T-CNT7#25 53 pm
- TiO2 Taquann MWNT-7
T-CNT7#53 T-CNT7#25
2 MWNT-7 T-CNT7#53
MWNT-7 Taquann 0.02 um
¢ 25mm, Anodisc
2 HPC- SW
5
70-170 nm 100 nm VE-9800 KEYENSE 2,500
1-19 um >5um 275 2 2.8kV
3.55x1011 /g
3 MWCNT-N
99.5 MWCNT-N NIKKISO Co., LTD.
3500 ppm MWCNT MWNT-7
470 ppm MWCNT-N
20 ppm
<5 ppm
<40 ppm MWNT-7
Taquann tert-
MWNT-7 B (TB)
B
SU-3TH MWCNT-N 500 mg
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35 B

B
MWCNT-N TB
25
60 B
MWCNT-N

BIORUPTOR®UCD-250HSA
160W

B

30
6 MWCNT-N

250mL

1,000 mL

1,000mL

T-CNT#53

B

B-2.
1
C57BL/6NcrSLC
10 2
12

MWCNT

PET

SUPER MOUSE 750™

55+5
8 20

20 /h

CRF-1

RAIR HD

25+1

12

Shepherd Specialty Papers

3
MWNT-7 T-CNT7
T-CNT7#25 3
1 mg/m3 3 mg/m3
48 16
12 20
TiO2 T-TiO2 MWNT-7
T-CNT7 T-TiO2 T-CNT7#53
3 T-TiO2
T-CNT7#53 30 mg/ms3
1mg/m3 48
12 12
24
MWCNT-N T-CNTN
T-CNTN 3
1 mg/m3 3 mg/m3
48 12
12
24
25 25
Sub-group A Sub-group B
2 10 00 12 00 1
5 10 1
4
Taquann
Ver2.0 3.0
2 29
Ver2.0 MWNT-7 T-CNT7#25
30 Ver3.0
TiO2 T-TiO2 MWNT-7 T-CNT#53

MWCNT-N T-CNTN
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Ver3.0
25 mL
20 mm 80 mm
3
T-TiO2
1mg/mL 13mL MWCNT
0.025 mg/mL 0.05
mg/mL 10 mL
B
43 L
ULPA
0.4 Mpa 0.2 1
3
32.5 L/min
29.5 L/min
CPC 1.5L/min 1.5 L/min

Ver.2.5

Ver3.0
2
5
Ver3.0
25
PET
660 mm 477 mm
179 L
6
CPM; count per minutes
mg/m3

3105 /mL 2.5nm

(Condensation Particle Counter CPC

CPC3776 1.5L/min TSI
MN USA
CPC
CPC MWCNT
1x10% /mL



MWCNT 10 CPC
CPC

MWCNT 100 nm
10 um

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

1.5 L/min X
120min 180 L 1ms3
XP26V
METTLER TOLEDO

Micro-Orifice Uniform Deposit
Impactors (MOUDI)
Aerodynamic Diameter (MMAD) 10
L/min

Mass Median

MOUDI Model 125 Nano MOUDI
KANOMAX No.1 10 um No.2
56pum No.3 32um No4 1.8pum No.5
1.0um No.6 0.56 pum No.7 0.32um No.8
0.1um No.9 0.10pm No.10 0.056 pm
No.11 0.032um No.12 0.018 um No.13
0.01 um TiO2 10
MWCNT 20

-70-

METTLER TOLEDO
MOUDI MWCNT

ow

1

50

XP26V

Scanning Mobility Particle Sizer
SMPS, Model 3034,
L/min TSI MN USA

10~500 um

aw) 4  (4w)

TK-7
DS

21G SV-21CLK-2

40cm

1.0

SMPS

T-TiO2

SMPS

8

25

180L

(8W)



BAL

1 TiO2 T-TiO2
T-TiO2 5
Sub-Group Ax 5
Sub-Group Bx 5 10 34.8+ 3.1 mg/m3

+ SD CPC
10 560,817+ 56,441/cm3 + SD
4 5
MMAD 893 1,060nm(cg:3.5 4.2)
5 975.3 nm
5 2 SMPS 1
30 150
Sub-Group B
5 149.4 nm
177.6 nm
2
390 mg 2
3.9 m3
100 mg/ms3

34.8 mg/ms3
34.8%

2 MWNT-7 T-CNT7

T-CNT7#25 5
+ SD
1.4+ 0.1 mg/m3 3.2+ 0.3
mg/ms3 CPC *
SD 960+ 80/cm3 2340+ 238/cm3
2

T-CNT7#53 5
Sub-Group Ax 5

Sub-Group Bx 5 10 3.0+ 0.1 mg/m3
CPC 10 1,449
+ 155/cm3 MMAD 522
1,114 nm(cg:5.3 7.9) 5
788.2 nm 7 2
2
15 mg 2
3.9 m3
3.8 mg/m3
3.0 mg/ms3
78.9%

T-CNT7#25 T-CNT7#53

2,500 50 51 pmx 38 um
Aggregates
Agglomerates
Aggregates
T-CNT7#25 T-CNT7#53 05 /
14 / Agglomerates T-CNT7#25
T-CNT7#53 15 / 41 |/
T-CNT7#53
T-CNT7#25 Aggregates

Agglomerates
Aggregates Agglomerates
25 75
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Aggregates
Agglomerates
(3) MWCNT-N T-CNTN T-CNT7#25  T-CNT7#53
5
0.6+ 0.1 mg/m3 T-CNT7#25 T-CNT7#53
1.3+ 0.2 mg/m3 CPC
503+ 150/cm3 1,107+ 246
fcm3 MMAD T-CNT7#25  T-CNT7#53
640 3,708nm(cg:8.6 34.0) 1,617
3,474 nm og:11.5 26.7 Taquann Ver3.0
Ver2.5
30
10 2
MWCNT-N
16 25
8
200um ( 11 12
MWCNT-N MWNT- Ver2.5
Ver3.0
(5)
Taquann Taquann
Taquann
Ver3.0
Taquann
25 um
53 um
T-CNT7
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Ver2.5

35% Ver3.0
MWCNT MWCNT-N
Taquann
Frustrated phagocytosis
MWCNT-N 5
MWCNT-N
MWCNT-N MWNT-
MWNT-7
Ver2.5
MWNT-7
40% Ver3.0 80%
2 Ver2.5
Ver3.0
F
MWCNT-N
Taquann
Taguann Ver3.0
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Otsuka K, Yamada K, Taguahashi Y, Arakaki R,
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.
PL0S One. 2018 Oct 29;13(10):€0205702.

Abdelgied M, El-Gazzar AM, Alexander DB,
Alexander WT, Numano T, ligou M, Naiki-Ito A,
Takase H, Abdou KA, Hirose A, Taguahashi Y, Kanno
J, Tsuda H, Takahashi S. Potassium octatitanate fibers

induce persistent lung and pleural injury and are

possibly carcinogenic in male Fischer 344 rats. Cancer
Sci. 2018 Jul;109(7):2164-2177.

Abdelgied M, El-Gazzar AM, Alexander
DB,Alexander WT, Numano T, ligou M, Naiki-Ito 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.

Abdelgied M, El-Gazzar AM, Alexander WT,
Numano T, ligou M, Naiki-Ito A, Takase H, HiroseA._
Taquahashi Y, Kanno J, Abdelhamid M, Abdou KA,
Takahashi S, Alexander DB, Tsuda H.: Carcinogenic
effect of potassium octatitanate (POT) fibersin the

lung and pleura of male Fischer 344 rats after
intrapulmonary administration. Part Fibre Toxicol.
2019 Sep 2;16(1):34.

Yuhji Taguahashi, Koichi Morita, Masaki Tsuji,
Yoko Hirabayashi, Akihiko Hirose and_Jun Kanno,: A

short-term whole-body inhalation study of potassium

titanate whisker in mice with an improved dispersion

and inhalation system, The 57th Society of

Toxicology, Henry B. Gonzalez Convention Center,
San Antonio, Texas, USA, 12 March, 2018, Poster

Yuhji Taguahashi, Satoshi Yokota, Koichi
Morita, Masaki Tsuji, Akihiko Hirose and Jun Kanno,:

Improved aerosol generation method and newly

designed whole body rodent inhalation apparatus for
the testing of nanomaterials in human-relevant
exposure scenario, 15th [UTOX International
Congress of Toxicology (ICTXV), Hawaii Convention
Center, Honolulu, Hawaii, USA, July 16, 2019, Poster

Yuhji Taquahashi, Satoshi Yokota, Koichi
Morita, Masaki Tsuji, Yoko Hirabayashi, Akihiko
Hirose and Jun Kanno: Development of Whole Body
Inhalation 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

Jun Kanno, Chuen-Jinn Tsai, Plenary Session 4:
Improvement of Inhalation Toxicity Testing for
Nanomaterials and Compliance Monitoring for
Ambient PM., Plenary Lectures, Xth International
Aerosol Conference (IAC 2018) ,Invited, 2019.9.6,St.
Louis.

58
2018 6 8

19
2018 7 17

45



18

2018 7 18

- JST-CRDS 2019

20019 12 3 ( )

H.
1

2018-81836 2018.4.20

2018-81837 2018.4.20

2018

7

WS
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liquid nitrogen vacuum pump system

Sliip.l?Bnd > aﬁ:}?ﬁ:w -b| Filter |-| Snap-freezeH SublimaieH T-CNT |
/

c Suspension

Vibration motors

AN

W

Filler extension

Fillerate to Collecting Botie

TB: Tertiary butyl alcohol (freezing-point approx. 25 degrees of Celsius) ~ 1aquahashi et al., JTS, 2013

1 Taquann

a MWCNT U-CNT B
B
b -25 c
FM34F T.P.C. DC MOTOR 17.6 m/s?
4 d
MWCNT

Taquahashi et al., JTS, 2013;38 4 :619-28

Necropsy after inhalation exposure

Examinations N Day 0 1w 4W 8W
Lung Burden 12 3 3 3 3
Histopathology(perfusion) 12 3 3 3 3
Immune function
BALF 24 6 6 6 6

Pulmonary interstitium mRNA
Spleen, Lymph node

48 Divided into two sub-groups, A&B

Target concentration

T-TiO2 30 mg/m3

T-CNT7#25 Low concentration 1 mg/ms3, High concentration 3 mg/m3
T-CNT7#53 High concentration 3 mg/m3

MWCNT-N Low concentration 1 mg/ms3, High concentration 3 mg/m3
Control Clean air (Filtered with HEPA filter)

EXxposure

2hr/day/week for 5 weeks Total 10 hours
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Cartridge Loader . Suibchamber

1

\-.

o

S InfiaBkion Chamibier with animal ESEEES

2 Taquann Ver 3.0
43L

ULPA

Cartridge ver. 2.5 Cartridge ver. 3.0
Qutlet Outlet

Inlet

3 Taquann

25 mL 20 mm 80 mm
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Summary: Characterization of asrosol

T-Tid:
Tienum daxide Mass Concentration (mgim®)
{AMT-B00) CPC count (m'mL)

MMAD (nem, Model125, KANCMAX)

Seanning Mability Particle Sizer (Model 3034, TSI
Median (nm)

Mean (nem)

Gea. Mean (nm)

Mode (nm)

G, 51 D,

Mean sD
38 31
SE0E1T 5644
arsa ar

Number Paricle Sze

5 T-TiO2
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mmmmm

mnu'il

MNMW\ o mw

Summary: Characterization of aerosol

T-CHT7853 Mean s
MVCNT Mass Concentration (mg'm”) 30 0.1
(MWNT-7 53 ym Mesh Fitered) CPC count (#/mL, Model3776,TSI) 1,448 155
MMAD {rim, Model! 25, KANOMAX) 7882 7.0

7 T-CNT7#53
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Low Concentration

High Concentration

Subgroup A

Subgroup B

Subgroup B

Subgroup A

8 T-CNT7#25 T-CNT7#53
2,500 50 51 umx 38 um

Agglomerates

1st

1st

- o

9

o, Mot VW B

MWCNT-N

Aggregates

2nd

onan, W - -

3rd 4th 5th

we

CPC
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e R - AL ¥+ L F P - 1124

LT T

1st 2nd drd 4th Sth Avorags S0
Low Doss Mass Concantration fmpfm]:l 0.5 a7 [} a.r [1 -] 0.8 0.1
CPC Average(D-120min, #/em') T47 84 511 498 389 503 150
MMAD {nm) 964 964 1685 40 3708 1.592 1,743
High Dese Mas: Conceniration {mg/ml) 1.3 b 14 .z 0.9 1.3 Dz
CPC Averaps(0- | 20min, 8/am3) TET 1157 1332 13368 923 1,107 FL 1}
MM AD] nm 1617 2.504 2.792 3474 2597 L)

10 MWCNT-N

MANO-BK Asroscls HAMO-BH, Asroscis
Area Distibution Feret Distributcn
300 | 100
1 90
250 | o0
w 200 i T
= 672882 pm? 1 80 E- 3
gm Max 7,888 pm? | % § :
2100 oy 4
{20
= 1 e
0 e i
5001100 TOR0CS0BS00 1008 TOBINESN0 e e e g e g
Mg (m'} Witth (e

11 MWCNT-N
50

Agglomerates
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BWANC-BE Asrcach

Fibser Length

20 aEsEEEEEEEE 100

| 90

{ B0

- 15 5 { 10
_ 1954 pum L A
- Max 21.0 pm? | g g
§ Min 12pm? |« §

| 30
1 20
1 10
a

B 10 185 20 25 W 35 40 48 50

Length {jim]

12 MWCNT-N
2500

2 H29-R1

. CPC?®
Mass Concentration
Test Substances s (count per
mg/m .
minutes)
MWNT-7
1.4 960 NA®
(T-CNT7#25,Low dose)
H29
MWNT-7
. 3.2 2,340 NA
(T-CNT7#25,High dose)
TiO,
(T-Ti0,) 34.8 560,817 975.3
-Ti
H30 2
MWNT-7
. 3.0 1,449 788.2
(T-CNTN7#53,High dose)
MWCNT-N
0.6 503 1,592
= (T-CNT,Low dose)
MWCNT-N
. 1.3 1,107 2,597
(T-CNT,High dose)

1) : Condensation Particle Counter; 2) : Mass Median Aerodynamic Diameter
3) :Not Avail
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