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invitro
invitro
(MGT)
MGT
GDL1 MGT
RAW?264.7 MGT(BMS-10) 200 pug/mi
MGT(BMSC-5) 6.25 ug/mi
RAW?264.7 GDL1 BMSC-5
BMS-10 MGT
BMS-10 BMSC-5
MGT
BMSC-5
BMSC-5 BMS-10
(ROS)
BMSC-5 BMS-10 ROS RAW?264.7
TNF-a BMSC-5 BMSC-5
ROS
MGT
Fenton BMSC-5 BMS-10
9
in vitro Ames
DNA invitro
in vitro
in vitro
LC-MS/MS o
DNA Invitro
DNA
invitro (MGT)

27




MGT (BMSC-5)

MGT(BMS-10)
B
1)
96 well plate  GDL1 RAW264.7  1.0x10*
cells/well 4.0x10* cells/well 24
BMS-10 BMSC-5 200
ug/mi 2 well 24
100 ul
2)
GDL1 24
ThinCertTM (poresize; 0.4 um  high density: greiner
bio-one) well
RAW?264 24 BMSC-5
BMS10 RAW264 RAW 264
GDL1 24
GDL1
DNA in vitro
A EGI10
Cre
Y G6020
A EGI10 loxP
Cre
Y G6020
6-thioguanin (6-TG) chloramphenicol (Cm)
M9 37°C
gpt
6-TG
Cm M9
3)
6 well plate  GDL1 RAW?264.7 1.0x108
cells/well 2.0x108 cells/well 24
BMS-10 BMSC-5 50
ug/ml 24
Im  PBS 10%
(FCM)
4)
(ROS)
6well plate GDL1 RAW?264.7 2.0x108
cells/well 24
BMS-10 BMSC-5 50 pg/ml 2

28

Lysis buffer

15 ml
Oxi Select
in vitro ROS/RNS assay kit ROS
5) RAW264
6 well plae  RAW264.7  2.0x10° cells/well
24 BMS-10
BMSC-5 25 pg/mi 50 pug/m 24
Quantikine Mouse
TNF-a TNF-a
6) Ferrozine assay
1.5ml DMEM  1ml
50 pg /ml MNPs voltex
4°C 10000rpm 10min
Ferrozine assay (ng/di)
C
1)
MGT(BMS10 BMSC-5) GDL1
6.25~200 pg/ml RAW?264.7  3.125~200 ug/ml
24 NR
assay GDL1 MGT
RAW?264
BMS10 200 pg/ml  BMSC-5
6.25 pug/mi
1
2)
RAW RAW GDL1
MGT(BMS10 BMSC-5) 24
6~7 GDL1 DNA
gpt
2 MGT
BMS-10
RAW?264.7
BMSC-5
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MGT BMSC-5
( 2
MGT
3)
MGT(BMS10 BMSC-5) 24
FCM
(FS
(S9) 4
BMS-10
SS
RAW264.7 GDL1
BMSC-5
SS
4)
(ROS)
MGT (BMS10 BMSC-5) 2
ROS
5 BMS-10 BMSC-5
ROS
RAW264.7
BMS-10 BMSC-5
BMSC-5 ROS
ROS
5) RAW264
MGT (BMS-10 BMSC-5) RAW264.7
25 ug/ml 50 ug/m 24
TNF-a 6
BMS-10 25 pg/m 50 pg/ml
TNF-a BMSC-5
50 pug/mi TNF-o
BMS-10 BMSC-5

6) Ferrozine assay
MNPs

15.4+4.0 ug /dl

BMSC-5

BMS-10

138.4+9.89 pg /dl
BMS-10

D
MGT
MGT BMS-10 BMSC-5
RAW?264.7 GDL1 GDL1
BMS-10
RAW?264.7 BMSC-5
in vitro
BMS10 BMSC-5
BMS-10 MF
BMSC-5 MF
MF
BMS-10 RAWZ264.7
BMSC-5 GDL1
MGT
MGT
GC>CG AT>CG
AT>GC
BMS-10
BMSC-5 BMS-10
MGT
BMSC-5
BMSC-5
RAW?264.7
TNF-a 50 pg/mi
MGT TNF-a
BMS-10 BMSC-5 TNF-a

BMS-10
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1)
1-1)
CHL/IU
NKEK
37°C
95% 5%
SOmix
1-2) 3D
3D LabCyte
EPI 24
37°C
95% 5%
2)
2-1)
C
dHO
2-2)
1-100 nm
I'-Fex0s Fe,O4
pH 9.6
2.2%
2%
FesO, BMS-10 FesOs-

COOH BMSC-5 2
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1)
1-1)
SOmix
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1 S9mix CHL/1U
o 1 2 3 2

P ) ceR) |
DHSO3h 1 1 0 o 4 13 L 22 :
MNC3h o 182 s 1seo] 123 oo 143 21 112
BP3h 3| 17650 62 1938 16| 75 3l 16 842
omso2a 55 35| o8| 1907 23 194 49 14 :
wican | 2| ses| ol 1mae] 7| a1 134 15 82

2 S9mix CHL/1U
s 1 ) 3 )

P ) o) |
omsosn| 13 el 3ol 108 2l e 19 19 .
BP3h R Y R Y 126 704

3 S9mix NHEK
G 1 2 3 2

roup (%) (CBPI) (1)
DMSO3h 1 294 2 81 3 3 2.4 1.25 -
MMC3h 1 833 2 304 0 19 0.7 1.3 -20
DMS024 5 585 4 124 2 16 3.1 1.22 -
MMC24h 0 62 0 24 0 6 0 1.39 -756

4  SOmix CHL/1U BMS-10 24

Grou L 2 3

P () ©8T) | @
DMSO 24h 388 3683 131 1890 52 372 6.48 144 -
MMC 24h 858| 5032 438 1565 127 359 2187 136 19.36
Oug/ml 24h 42| 4113 58 1955 36 401 2.88 144 -
10ug/ml 24h 33 36% 20 1984 12 456 1.00 147 =847
100ug/ml 24h 31 2619 71 1929 46 596 3.55 162 -4197
200ug/ml 24h 6| 2705 21 1980 6 70 1.05 145 -2.838




5 S9mix CHL/1U BMSC-5 24
Grou L 2 3 2
P (¥ ceT) | @
DNISO 24 105 530 138 182 4 5] 69 134 ;
MMC 241 53 79| 26 ued| & 1] 1180 126 2190
Oua/ml 24h I T 83 230 14 ]
foug/mi2ah | 16 5989 16 2000 9 2 129 3151
100ue/ml 28h] 78] 7185 52|  1948] 8 29 260 126 3857
0ope/mi 20| 49 2970 48] 1957 % 718 230 161 1333
6 S9mix CHL/Z1U BMS-10 BMSC-5
3
Grou L 2
P (¥ 1) @
DMSO S9(-) 18 | 1014 | 3 | 1970 | 19 | 75 160 170 _
DMSO_S9(+ 0 | 665 | 25 | 1977 | 14 | 237 125 185 -
MMC S9(-) 537 | 3718 | 485 | 1515 | 63 | 169 2425 138 1575
BP_S9(+) - - - - - - - - -
Oue/ml S9C) 18 | 1046 | 26 | 1975 | 20 | 216 130 175 _
Oug/ml S9(+) 72 | 568 | 127 | 1873 | 85 | 566 6.35 200 _
oo/ saiy | B | T4 | 0 || 13 | 344 178 2359
739 177 2356
200ug/ml soey | T8 | 197 | v | 1850 | 113 | 3ed
| | 22032
oooue/m s | X | 94| 8 |11 | w | s 145 1.90 03
1 1 1211
o0oue/mi saiey | 48| B3| 103 | 1897 | 49 | e 5.15 88
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1)
2
NCBI GEO
Tensor Flow ZnO
B.
1)
Integbio
https:.//integbio.jp/dbcatal og/
1,684
in vitro
2)
OS MS Windows
Cent OS (Linux)
Google Keras/ Tensor Flow
Python
Python
Anaconda
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17Zn0O

Slide ID Slide No. Pos. Block Cy3 Cy5
AH72 257236319408 11 Bl THP-1_ZnO=0ug/mL_6hr THP-1_Zn0=300ug/mL_6hr
AH72 257236319408 12 B2 THP-1_Zn0O=300ug/mL_6hr THP-1_Zn0O=0pg/mL_6hr
AH72 257236319408 13 B3 THP-1_ZnO=0ug/mL_24hr THP-1_Zn0=300ug/mL_24hr
AH72 257236319408 14 B4 THP-1_Zn0=300pug/mL_24hr THP-1_ZnO=0ug/mL_24hr
AH72 257236319408 21 B5 Ab549 ZnO=0ug/mL_6hr A549_Zn0=60pg/mL_6hr
AH72 257236319408 22 B6 Ab49_2Zn0=60ug/mL_6hr A549_ZnO=0pg/mL_6hr
AH72 257236319408 23 B7 Ab49.Zn0O=0ug/mL_24hr A549_Zn0=60ug/mL_24hr
AH72 257236319408 24 B8 Ab49 ZnO=60ug/mL_24hr A549 ZnO=0ug/mL_24hr
2
URL

Gene Expression Omnibus https://www.ncbi.nlm.nih.gov/geo/ NCBI

(GEO)

GEO Data Sets https://www.ncbi.nlm.nih.gov/gds/ GEO

ArrayExpress https://www._ebi.ac.uk/arrayexpress/ EBI

CIBEX https://cibex.nig.ac.jp/data/ DDBJ

CellMontage http://cellmontage.cbrc.jp/

Open TG-GATEs https://toxico.nibiohn.go.jp/ in vivo/in vitro

http://scads.jfcr.or.jp/db/cs/

Comparative Toxicogenomics  https://ctdbase.org/

Database (CTD)

Online Mendelian Inheritance in https://ww.ncbi.nIm.nih.gov/omim/

Man (OMIM)

Gene Signature DataBase https://genesigdb.org/genesigdb/

(GeneSigDB)

Integrative Disease Omics https://gemdbj.ncc.go.jp/omics/

Database iDOx DB

Functional Annotation of the  http://fantom.gsc.riken.jp/jp/ DNA RNA

Mammalian Genome (FANTOM)

COXPRESdb https://coxpresdb.jp/ 4

Human Protein Atlas

https://www.proteinatlas.org/

H-ANGEL

http://www_h-invitational.jp/hinv/h-angel H-Invitational

BioGPS

http://biogps.org/
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3) ZnO

THP-1

60 ug/mL (A549

A549

)

24

Zn0O

300 pg/mL (THP-1

)

Agilent SurePrint G3 Human
GE Microarray 8x60K Ver. 3.0 (G4851C; GEO

GEO

platform: GPL21185)
1 C.
Agilent SuresScan 1)
G2600D Integbio
Agilent Feature
Extraction v11.5 2
NCBI
Gene Ontology DAVID 6.8 Gene Expression Omnibus (GEO)
(https://david.ncifcrf.gov/) DataSets 4,348 Series 105,964
K3 ~A a7 VAR R (BT —%)
ZnOfctrl | ZnO/ctrl | ZnOfctrl | ZnO/ctrl | ZnOfctrl | ZnOfctrl | ZnOl/ctrl | ZnOfctrl | ZnO/ctrl | ZnOfctrl | ZnO/ctrl | ZnO/ctrl
Sample 6h 6h 6h 24h 24h 24h 6h 6h 6h 24h 24h 24h
THP1 THP1 THP1 THP1 THP1 THP1 A549 A549 A549 A549 A549 A549
[B1] [-B2] [rep.] [B3] [-B4] [rep] [B5] [-B6] [rep.] [B7] [-B8] [repl
60,901 60,901 60,901 60,901 60,901 60,901 60,901 60,901 60,901 60,901 60,901 60,901
10 11
9 10 1
8 9 3 6 1 1
7 8 13 19 14 6 1 1
6 7 6 1 2 61 78 56 9 5 5 17 3 16
5 6 35 27 30 147 183 142 5 9 7 24 23 8
4 5 51 69 54 313 370 293 48 26 26 63 36 43
3 4 108 120 84 825 780 678 102 143 97 187 180 151
2 3 373 458 279 1735 1,633 1406 498 468 372 572 681 464
1 2 2,047 2,208 1217 4,128 3.862 2970 2301 2247 1432 2,185 2545 1564
-1 1 27,377 28,139 23,355 19,358 19,031 15,427 28,293 28,168 24,081 27467 29,906 24818
N -2 -1 1,906 2,305 1,084 4,509 4489 3,466 2181 2,016 1174 2422 2,345 1391
o = -2 169 219 57 1592 1518 1265 170 168 57 265 265 143
-4 -3 17 12 4 626 635 556 9 13 6 37 25 18
-5 -4 1 335 263 234 1 1 2 4
-6 -5 148 112 103
-7 -6 66 51 46
-8 -7 42 18 20
-9 -8 8 3 2
-10 -9 2 1 1
-11 -10 1
total 32,090 33,558 26,166 33912 33,053 26,680 33,616 33,264 27,258 33,248 36,014 28617
total(%) 52.69% 55.10% 42.96% 55.68% 54.27% 43.81% 55.20% 54.62% 44.76% 54.59% 59.14% 46.99%
Logz 2,620 2,883 1,666 7,226 6,931 5,560 2963 2,898 1939 3,055 3469 2247
-1<Log2 <1 27,377 28139 23,355 19,358 19,031 15427 28,293 28168 24,081 27,467 29,906 24818
Loge - 2,093 2,536 1,145 7,328 7,091 5,693 2,360 2,198 1,238 2,726 2,639 1,552
Log2 8.16% 8.59% 6.37% 21.31% 20.97% 20.84% 8.81% 8.71% 7.11% 9.19% 9.63% 7.85%
-1<Log2 <1 85.31% 83.85% 89.26% 57.08% 57.58% 57.82% 84.17% 84.68% 88.34% 82.61% 83.04% 86.72%
Log2 - 6.52% 7.56% 4.38% 21.61% 21.45% 21.34% 7.02% 6.61% 4.54% 8.20% 7.33% 5.42%
-0.036 | -0049] -0.050] -0013| -0.046] -0.036] -0032] -0.045] -0039| -0.052] -0.059] -0.055
0.013 0.002 0.009] -0.002 0.012 0.007 0.017 0.011 0.018 0.007 0.010 0.012
0.785 0.806 0.715 1.642 1.630 1.649 0.783 0.776 0.708 0.873 0.834 0.782
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Keras / Tensor Flow

Samples 2,783,483

2018/12/14

GEO
Integbio

GEO

Comparative

3) ZnO

Toxicogenomics Database (CTD)

24

THPL

Zn0O

A549

Zn0O

20,090

2)

C18] 1dH1 U9 | 439/0u7

[29-1 1dHL Y9 | 419/0u7

[9g-16¥GY Y9 |419/0uZ

[a16FGY U9 | 439,/0u7

[La]6¥SY kg | 419/0u7

[88-16¥SY Uke | 419,/0uZ

[#8-]1dHL Ybe | 439,/0uZ

[ed] IdHL YkZ | 419/0u7
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A549

6 24
THP1 24
ZnO
2
4
17,167
2
THP1 24
THP1 A549 ZnO
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Ra <A 0T VARTERLLT (BEEY, RefSeq DA)

ZnO/ctrl | ZnO/ctrl | ZnO/ctrl | ZnO/ctrl
6h 24h 6h 24h
Sample THP1 THP1 A549 A549
[rep.] [rep.] [rep.] [rep.]
21,033 21,033 21,033 21,033
10 11
9 10
8 9
7 8 11
6 7 31 2 4
5 6 7 92 2 5
4 5 19 192 14 21
3 4 58 396 43 60
2 3 157 748 199 222
1 2 691 1,518 759 779
-1 1 12,062 7,830 12,325 12,754
N -2 -1 544 1,951 615 652
S |3 -2 23 718 31 69
-4 -3 3 330 5 7
-5 -4 143 1
-6 -5 72
-7 -6 34
-8 -7 8
-9 -8 1
-10 -9 1
-11 -10
total 13,564 14,076 13,996 14,573
total(%) 64.49% 66.92% 66.54% 69.29%
Log2 932 2,988 1,019 1,091
-1<Log2 <1 12,062 7,830 12,325 12,754
Log2 - 570 3,258 652 728
Log2 6.87% 21.23% 7.28% 7.49%
-1<Log2 <1 88.93% 55.63% 88.06% 87.52%
Log2 - 4.20% 23.15% 4.66% 5.00%
-0.055 -0.072 -0.046 -0.065
0.014 -0.018 0.012 0.006
0.708 1.736 0.708 0.755
5 Gene Ontology
(a) THP1, 6h, up-regulated
Term Count_% PValue List Total Pop Hits Fold  Bonferroni FDR
G0:0006954 inflammatory response 56 625 197E-14 766 379 3.24 6.61E-11 3.58E-11
G0:0006986 response to unfolded protein 18 201 115E-12 766 42 940 3.87E-09 2.10E-09
G0:0043066 negative regulation of apoptotic process 51 569 7.34E-09 766 455 246 247E-05 1.34E-05
G0:0045926 negative regulation of growth 10 112 494E-08 766 19 1154 166E-04 9.01E-05
G0:0042981 regulation of apoptotic process 29 324 451E-07 766 213 298 152E-03 8.22E-04
G0:0043547 positive regulation of GTPase activity 54 6.03 490E-07 766 565 210 1.65E-03 8.93E-04
G0:0071294 cellular response to zinc ion 9 100 B8.64E-07 766 19 10.38 2.90E-03 1.58E-03
G0:0042026 protein refolding 8 089 185E-06 766 15 1169 6.21E-03 3.37E-03
G0:0032496 response to lipopolysaccharide 23 257 5.44E-06 766 164 3.07 181E-02 9.91E-03
G0:0043491 protein kinase B signaling 10 112 1.16E-05 766 33 6.64 3.83E-02 2.11E-02
(b) THP1, 6h, down-regulated
Term Count % PValue _List Total Pop Hits Fold  Bonferroni FDR
G0:0006364 rRNA processing 41 744 856E-22 475 214 6.77 169E-18 1.47E-18
G0:0000462 maturation of SSU-rRNA from 9 163 220E-06 475 32 994 434E-03 3.78E-03
tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA,
G0:0042273 ribosomal large subunit biogenesis 7 127 550E-05 475 25 990 1.03E-01 9.43E-02
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5 Gene Ontology

(c) THP1, 24h, up-regulated

Term Count_% PValue List Total Pop Hits Fold  Bonferroni FDR
G0:0006954 inflammatory response 120 424 321E-17 2462 379 216 190E-13 6.22E-14
G0:0060333 interferon-gamma-mediated signaling 34 120 150E-10 2462 71 327 8.87E-07 2.90E-07
pathway

G0:0006955 immune response 108 382 328E-09 2462 421 175 194E-05 6.35E-06
G0:0060337 type | interferon signaling pathway 30 1.06 4.03E-09 2462 64 320 2.39E-05 7.80E-06
G0:0032496 response to lipopolysaccharide 53 187 224E-08 2462 164 220 1.33E-04 4.34E-05
G0:0045087 innate immune response 105 371 B853E-08 2462 430 167 5.05E-04 1.65E-04
G0:0071222 cellular response to lipopolysaccharide 40 141 103E-07 2462 113 241 6.09E-04 1.99E-04
G0:0045766 positive regulation of angiogenesis 40 141 1.75E-07 2462 115 237 1.04E-03 3.39E-04
G0:0043547 positive regulation of GTPase activity 127 449 5.02E-07 2462 565 153 297E-03 9.72E-04
(G0:0030168 platelet activation 39 138 530E-07 2462 115 2.31 3.14E-03 1.03E-03
(d) THP1, 24h, down-regulated

Term Count % PValue _List Total Pop Hits Fold  Bonferroni FDR
G0:0070125 mitochondrial translational elongation 43 141 589E-13 2673 85 318 3.45E-09 1.14E-09
G0:0070126 mitochondrial translational termination 42 138 492E-12 2673 86 3.07 2.88E-08 9.52E-09
G0:0055114 oxidation-reduction process 146 478 265E-08 2673 592 155 155E-04 5.12E-05
G0:0006364 rRNA processing 64 210 4.11E-07 2673 214 188 240E-03 7.95E-04
G0:0042384 cilium assembly 42 138 1.72E-06 2673 124 213 1.00E-02 3.33E-03
G0:0030705 cytoskeleton-dependent intracellular 11 036 1.30E-04 2673 18 384 533E-01 251E-01
transport

G0:0043434 response to peptide hormone 18 059 231E-04 2673 44 257 7.42E-01 4.47E-01
G0:0060070 canonical Wnt signaling pathway 27 0.88 3.43E-04 2673 83 2.04 8.65E-01 6.61E-01
(e) A549, 6h, up-regulated

Term Count_% PValue List Total Pop Hits Fold  Bonferroni FDR
G0:0006986 response to unfolded protein 16 164 792E-10 844 42 758 260E-06 1.44E-06
G0:0000122 negative regulation of transcription from 74 759 7.16E-09 844 720 2.04 2.35E-05 1.30E-05
RNA polymerase |l promoter

(G0:0045944 positive regulation of transcription from 84 862 178E-06 844 981 170 5.82E-03 3.23E-03
RNA polymerase |l promoter

G0:0045892 negative regulation of transcription, 50 513 555E-06 844 499 199 1.81E-02 1.01E-02
DNA-templated

G0:0007264 small GTPase mediated signal 30 3.08 174E-05 844 246 243 555E-02 3.16E-02
G0:0035914 skeletal muscle cell differentiation 12 123 241E-05 844 49 487 7.61E-02 4.38E-02
G0:0043065 positive regulation of apoptotic process 33 338 489E-05 844 300 219 1.48E-01 8.89E-02
G0:0045444 fat cell differentiation 14 144 6.16E-05 844 73 382 1.83E-01 1.12E-01
G0:0006351 transcription, DNA-templated 134 1374 137E-04 844 1955 136 3.62E-01 2.48E-01
G0:0045599 negative regulation of fat cell 10 103 194E-04 844 42 474 471E-01 3.52E-01
differentiation

(f) A549, 6h, down-regulated

Term Count % PValue _List Total Pop Hits Fold  Bonferroni FDR
G0:0051301 cell division 41 651 765E-12 556 350 3.54 1.74E-08 1.33E-08
G0:0007067 mitotic nuclear division 34 540 9.14E-12 556 248 414 2.08E-08 1.60E-08
G0:0006334 nucleosome assembly 19 302 7.01E-08 556 119 482 159E-04 1.22E-04
G0:0000070 mitotic sister chromatid segregation 9 143 B891E-07 556 25 10.87 202E-03 1.55E-03
GO0:0007062 sister chromatid cohesion 16 254 142E-06 556 103 469 322E-03 247E-03
G0:0000183 chromatin silencing at rDNA 10 159 240E-06 556 37 816 5.43E-03 4.19E-03
G0:0006260 DNA replication 19 302 376E-06 556 155 3.70 8.51E-03 6.56E-03
G0:0006335 DNA replication-dependent nucleosome 9 143 7.06E-06 556 32 849 159E-02 1.23E-02
assembly

G0:0007059 chromosome segregation 12 190 129E-05 556 68 533 2.89E-02 2.26E-02
G0:0032200 telomere organization 8 127 207E-05 556 27 895 459E-02 3.61E-02
(9) A549, 24h, up-regulated

Term Count_% PValue List Total Pop Hits Fold  Bonferroni FDR
G0:0043065 positive regulation of apoptotic process 38 359 105E-06 878 300 242 3.37E-03 1.91E-03
G0:0000122 negative regulation of transcription from 67 633 574E-06 878 720 178 1.82E-02 1.04E-02
RNA polymerase Il promoter

G0:0030308 negative regulation of cell growth 20 189 160E-05 878 121 316 4.99E-02 2.90E-02
G0:0006986 response to unfolded protein 11 104 458E-05 878 42 501 137E-01 8.31E-02
G0:0006351 transcription, DNA-templated 139 1314 116E-04 878 1955 136 3.09E-01 2.09E-01
G0:0035914 skeletal muscle cell differentiation 11 104 184E-04 878 49 429 4.45E-01 3.33E-01
G0:0006954 inflammatory response 38 359 192E-04 878 379 192 4.60E-01 3.49E-01
G0:0001666 response to hypoxia 22 208 255E-04 878 172 245 558E-01 4.61E-01
G0:0045926 negative regulation of growth 7 066 301E-04 878 19 705 6.19E-01 5.44E-01
G0:0071294 cellular response to zinc ion 7 066 3.01E-04 878 19 7.05 6.19E-01 5.44E-01
(h) A549, 24h, down-regulated

Term Count_% PValue _List Total Pop Hits Fold  Bonferroni FDR
G0:0001525 angiogenesis 23 332 193E-05 606 223 2.86 5.57E-02 3.47E-02
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Table 1. Target substances: Titanium dioxide nanoparticles (TiO. NPs, NM100-NM 105).

) y : Composition
NM Product name Crystal type Surface coating (TiOs, %)
NM-100 Tiona AT-1 Anatase uncoating 98.7
NM-101 Hombikat UV 100 Anatase uncoating 91.7
NM-102 PC105 Anatase uncoating 95.4
NM-103 UV TITAN M262 Rutile AlO; and SiO; 89.0
NM-104 UV TITAN M212 Rutile ALO; and Si0,, 89.0
glycerol
. 85% Anatase .

i * X

NM-105 (P25) Aeroxide P25 15% Rutile uncoating 99.0

* Priciple material: Aeroxide®P 25 (P25) was chosen as principle material, meaning all endpoints will
be addressed for this material, because of its widespread use on the market and within the scientific
community to perform comprehensive investigations.

Table 2. Target materias (TiO> NPs, NM100-NM 105) collected from the Organization for Economic
Co-operation and Devel opment (OECD).

Type Title Remarks
TITANIUM DIOXIDE: SUMMARY OF THE
Summary dossier [DOSSIER Series on the Safety of Manufactured
INanomaterials No. 73

Individual dossier [DOSSIER ON TITANIUM DIOXIDE INM-105 D ¥ ZHIMEIR
-Part 1/1 - NM 105
IDOSSIER ON TITANIUM DIOXIDE INM-105 DB E
-Part 1/3 - NM 105
IDOSSIER ON TITANIUM DIOXIDE INM-100D ¥ B FEIME. BEMKE
-Part 2- NM 100
IDOSSIER ON TITANIUM DIOXIDE INM-101D B L Z81E. BEM
-Part 3- NM 101
IDOSSIER ON TITANIUM DIOXIDE NM-102 D 9B 2. BEH
-Part 4- NM 102
IDOSSIER ON TITANIUM DIOXIDE NM-103 DB 281E. BEM
-Part 5- NM 103
IDOSSIER ON TITANIUM DIOXIDE INM-104 DB ZEME. BEM
-Part 6- NM 104

IANNEX IDOSSIER ON TITANIUM DIOXIDE

SRR = e
| GENERAL ANNEXES ANNEX 19 INM100-NM105D#3B FRIMER %= & & SHF-IRCL K — b

[DOSSIER ON TITANIUM DIOXIDE
- GENERAL ANNEXES -ANNEX 3
[DOSSIER ON TITANIUM DIOXIDE
- GENERAL ANNEXES -ANNEX 10
[DOSSIER ON TITANIUM DIOXIDE Frauenhofer ITEM® Creuzenberg & ([ & 2NM 103. 104, 105% f L
- GENERAL ANNEXES -ANNEX 21 =7 v F D28AERERAE  BHE

[Nanogenotox T L) &5 411 72NM100-NM105 D 3L IR 1E R

[Nanogenotox (Z & % NM100-NM105 D 5,& A% 5 55 D Dossier
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Figure 1. Hierarchical clustering based on physicochemical values of the TiO, NPs.
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Figure 2. PCA analysis based on physicochemical values of the TiO, NPs.
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Table

. Physicochemical properties of the TiO, NPs.

Property Inﬁmg& NM100 NM101 NM102 NM103 NM104 NML05 (P25)
1|Particle size, size distribution Primary particle diameter (nm) Anatase TEM 1 50 6 21 21
2 Primary particle diameter (nm) Rutile TEM 2 26 26
3 Primary particle diameter (nm) Anatase TEM 3 22 24
4 Primary particle diameter (nm) Rutile TEM 4 26 26
5 Primary particle diameter (nm) Anatase TEM 5 116.9 45 22 205
6 Primary particle diameter (nm) Rutile TEM 6 23.7 23|
7 Primary particle diameter (nm) Rutile TEM 7 15
8 Feret mean (Manual Mesurement) (nm) TEM 8 226
9 Feret mean (Automatical Mesurement) (nm) TEM 9 216

10|Composition Impurity (% wiw Fe) EDS 10 0.49 0 0.07 0.06 0| 0
11 Impurity (% wiw Si) EDS 11 028 029 0.08 068 0.18 007
12 Impurity (% wiw K) EDS 12 025 0 0001 0.001 0.001] 0
13 Impurity (% wiw P) EDS 13 0.21 027 0.001 0 0| 0
14 Impurity-coating (% wiw Al) EDS 14 0.09 0.09 0.05 3.43 3.22 0.04/
15 Impurity (% wiw Cr) EDS 15 003 0 0.005 0 0 0
16 Impurity (% wiw Zr) ICP_OES 16 0.005 001 0.005 0.001 0.001] 0
17 Impurity (% wiw Ca) ICP_OES 17 0.001 0.001 0.005 0.005 0.01 0
18 Impurity (% wiw Na) ICP_OES 18 0.001 01 0001 001 0.01 0.001
19 Impurity (% wiw S) ICP_OES or EDS 19 0 022 0.01 0.26 0.32 0
20 Impurity (% wiw Mg) ICP_OES 20 0 0 0 0.001 0.001 0
21 O (Wt%) EDS 21 40.08 40.35 40.07 40.82 40.68 40.07
22 Ti (Wt%) EDS 22 58.57 58.79 59.73 54.74 55.6 59.81
23|Agg ion/aggregation Size (d.nm) untreated/MQ Water 23 391.2 1609 1115 973.2 727.8] 1102
| 24| Z-Average (d.nm) untreated/MQ Water 24 343 1746 1062 671.6 367.8] 720
25 Pdl untreated/MQ Water 25 0.176 0.264 0.187 0.287 0.376) 0.539
26 Zeta Potential (mV) untreated/MQ Water 26 -34 -10.1 273 404 325 494
27 monomodal untreated/MQ Water 27
28 Zeta Deviation untreated/MQ Water 28 826 349 8.86 5.27 533 6.12
29 Size (d.nm) untreated/PBS 29 1440 1188 1528 1977 1817 4526
30 Z-Average (d.nm) untreated/PBS 30 2289 1229 1579 1397 1600 3342
31 Pdl untreated/PBS 31 0.355 0.239 0.769 0.255 0.232 0.382
32 Zeta Potential (mV) untreated/PBS 32 -36.5 -233 721 -355 -18.4) -235
33 monomodal untreated/PBS 33 -22.9 -19.3
34 Zeta Deviation untreated/PBS 34 681 127 315 307 9.58 28.1
35 Size (d.nm) untreated/DMEM + Lglutamine 35 995.5 1438 2745 2255 3059 1881
36 Z-Average (d.nm) untreated/DMEM + Lglutamine 36 2129 1954 2427 1665 2869 2868
37 Pdi untreated/DMEM + Lglutamine 37 0.662 0.359 0.181 0.256 0.247| 0.317
38 Zeta Potential (mV) untreated/DMEM + Lglutamine 38 -0.839 -8.84 -4.92 -19.9 -7.88) -4.71
39 monomodal untreated/DMEM + Lglutamine 39 762 -5.77 -9.46
40 Zeta Deviation untreated/DMEM + Lglutamine 40 498 133 252 209 222 12
41 Size (d.nm) untreated/DMEM + 1% FBS 41 736 1201 1415 1040 1156 2454
42 Z-Average (d.nm) untreated/DMEM + 1% FBS 42 606.8 1166 1295 828.8 1111 1599
43 Pdl untreated/DMEM + 1% FBS 43 0.168 0.201 0.081 0.269 0.208, 0.268
44 Zeta Potential (mV) untreated/DMEM + 1% FBS 44 -8.7 -9.59 -11.9 -8.8 -29.4 -11.6
45 monomodal untreated/DMEM + 1% FBS 45 -10.8 -10.6
46 Zeta Deviation untreated/DMEM + 1% FBS 46 16.6 11 372 9.41 274 154
47 Size (d.nm) untreated/DMEM + 5% FBS 47 845.4 1278 1414 991.1 719.3] 1709
48 Z-Average (d.nm) untreated/DMEM + 5% FBS 48 621.9 1039 1234 653.2 657.5] 1116
49 Pdl untreated/DMEM + 5% FBS 49 0.231 0.232 0.139 0.293 0.22 0.379
50 Zeta Potential (mV) untreated/DMEM + 5% FBS 50 -9.95 -8.17 -11 -10.8 -10.6| -10.7
51 monomodal untreated/DMEM + 5% FBS 51
52 Zeta Deviation untreated/DMEM + 5% FBS 52 153 248 13 12 131 219
53 Size (d.nm) untreated/DMEM + 10% FBS 53 639.1 1406 1521 1156 7112 1030
54 Z-Average (d.nm) untreated/DMEM + 10% FBS 54 582.4 1127 1227 683.3 617.8] 937.3
55 Pdl untreated/DMEM + 10% FBS 55 0.262 0.194 0.182 0.369 0.201 0.341
56 Zeta Potential (mV) untreated/DMEM + 10% FBS 56 -7.89 -105 -8.69 -8.47 -10.4 -8.58
57 monomodal untreated/DMEM + 10% FBS 57
58 Zeta Deviation untreated/DMEM + 10% FBS 58 209 128 17.7 136 139 13.4]
59 Size (d.nm) 1 min sonifier/MQ Water 59 259.3 7195 703 2649 207.7] 352.6
60 Z-Average (d.nm) 1 min sonifier/MQ Water 60 2013 500.9 505.7 1977 194.3] 2215
61 Pdl 1 min sonifier/MQ Water 61 0.205 0.274 0.248 0.393 0.236) 0211
62 Zeta Potential (mV) 1 min sonifier/MQ Water 62 -245 =272 =271 39.1 -23.4] -23.8
63 monomodal 1 min sonifier/MQ Water 63
64 Zeta Deviation 1 min sonifier/MQ Water 64 105 55 7.29 6.08 487 51
65 Size (d.nm) 1 min sonifier/PBS 65 2116 2254 2525 1629 4031 1682
66 Z-Average (d.nm) 1 min sonifier/PBS 66 1624 1827 2079 2275 3197 3585
67 Pdi 1 min sonifier/PBS 67 0.219 0.283 0.188 0.442 0.334 0.443
68 Zeta Potential (mV) 1 min sonifier/PBS 68 -26.7 -19.7 -25.1 -20.8 -16.9| -20.5
69 monomodal 1 min sonifier/PBS 69 -27.6
70 Zeta Deviation 1 min sonifier/PBS 70 161 16 12.8 16.5 20.8 173
71 Size (d.nm) 1 min sonifie/DMEM + Lglutamine 71 2973 2854 3488 4043 1701 4673
72 Z-Average (d.nm) 1 min sonifie/DMEM + Lglutamine 72 2514 2350 2701 3551 3306 3507
73 Pdl 1 min sonifie/DMEM + Lglutamine 73 0.332 0.217 0.268 0.279 0.434] 0.395
74 Zeta Potential (mV) 1 min sonifie/DMEM + Lglutamine 74 205 223 -3.14) -8.44 -7.29| -2.55
75 monomodal 1 min sonifie/DMEM + Lglutamine 75 158 -5.52
76 Zeta Deviation 1 min sonifie/DMEM + Lglutamine 76 355 43.7 9.89 25.5 14.8 11.7
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77 Size (d.nm) 1 min sonifie/DMEM + 1% FBS 77 405.3 678.5 837.5 275.6 333.6 306.8|
78 Z-Average (d.nm) 1 min sonifieDMEM + 1% FBS 78 310.4] 521.2 590 263.5 2785 265.3]
79 Pdl 1 min sonifieDMEM + 1% FBS 79 0.207| 0.232 0.243 0.243 0.194 0.177|
80 Zeta Potential (mV) 1 min sonifie/DMEM + 1% FBS 80 -9.14 -11.8 -13.6 -9.98 -8.88 -9.37|
81 monomodal 1 min sonifie/DMEM + 1% FBS 81 -10,
82 Zeta Deviation 1 min sonifieDMEM + 1% FBS 82 41.6] 18.8 204 19.1 -19.7 19.1]
83 Size (d.nm) 1 min sonifie/DMEM + 5% FBS 83 408.8 755.5 901.8 432.4 278.2 336.9]
84 Z-Average (d.nm) 1 min sonifie/DMEM + 5% FBS 84 315.2] 569.2 617.3 345.8 228.5 286.3]
85 Pdl 1 min sonifieDMEM + 5% FBS 85 0.194] 0.232 0.27 0.25 0.161 0.207|
86 Zeta Potential (mV) 1 min sonifieDMEM + 5% FBS 86 107 -15 -134 -12 151 9.43
87 monomodal 1 min sonifie/DMEM + 5% FBS 87 175 -115 -118 -11.5
88 Zeta Deviation 1 min sonifie/DMEM + 5% FBS 88 275 19.9 253 19.8 376 35.5
89 Size (d.nm) 1 min sonifie/DMEM + 10% FBS 89 345.8] 823.6 1077 370.9 3344 349.8|
90 Z-Average (d.nm) 1 min sonifie/DMEM + 10% FBS 90 283.9] 623.4 7322 286.9 2678 281.2]
91 Pdl 1 min sonifie’DMEM + 10% FBS 91 0.176| 0.24 0.27 0.196 0.178 0.196
92 Zeta Potential (mV) 1 min sonifie’DMEM + 10% FBS 92 78.4] -13 -10.5 -12.4 -9.38 -9.92|
93 monomodal 1 min sonifie/DMEM + 10% FBS 93 -4.19 -11.9 -9.5
94 Zeta Deviation 1 min sonifieDMEM + 10% FBS 94 193 16.9 135 256 48.7 15.3
95 Size (d.nm) 20 min US-bath/MQ Water 95 378.8] 1111 1103 765.3 344.5 902
96 Z-Average (d.nm) 20 min US-bath/MQ Water 96 307.6| 1130 794.1 596.9 290.8 474.4
97 Pdl 20 min US-bath/MQ Water 97 0.199 0.351 0.254 0.393 0.306 0.443
98 Zeta Potential (mV) 20 min US-bathyMQ Water 98 -40.6] -275 303 39.1 246 -32.6]
99 monomodal 20 min US-bath/MQ Water 99
100 Zeta Deviation 20 min US-bath/MQ Water 100 6.58 3.67 9.37 6.08 4.39 3.37,
101 Size (d.nm) 20 min US-bath/PBS 101 1042 1265 1789 1449 2779 4437
102 Z-Average (d.nm) 20 min US-bath/PBS 102 1217 1276 1809 1350 2284 4514
103 Pdl 20 min US-bath/PBS 103 0.317] 0.238 0.231 0.25 0.227 0.274]
104 Zeta Potential (mV) 20 min US-bath/PBS 104 -20.2| -21.7 -18.5 -20.9 -20.3 -33.2|
105 monomodal 20 min US-bath/PBS 105
106 Zeta Deviation 20 min US-bath/PBS 106 16.7, 12.9 15.6 11.2 9.63 14.4
107 Size (d.nm) 20 min US-bath/DMEM + Lglutamine 107 1059 1974 2001 2916 3207 1956
108 Z-Average (d.nm) 20 min US-bath/DMEM + Lglutamine 108 1754 1992 1997 2268 2636 2938|
109 Pdl 20 min US-bath/DMEM + Lglutamine 109 0.515| 0.247 0.227 0.264 0.209 0.341]
110 Zeta Potential (mV) 20 min US-bath/DMEM + Lglutamine 110 -1.55| 3.6 -3.46 -8.76 -9.98 -8.55|
111 monomodal 20 min US-bath/DMEM + Lglutamine 111 -1.64] -7.32
112 Zeta Deviation 20 min US-bath/DMEM + Lglutamine 112 25.4] 215 14.9 15.4 18.1 11.5
113 Size (d.nm) 20 min US-bath/DMEM + 1% FBS 113 631.9] 1368 1063 684.1 975.4 969.6|
114 Z-Average (d.nm) 20 min US-bath/DMEM + 1% FBS 114 540.2] 668.7 975.4 526.8 5204 743.9]
115 Pdl 20 min US-bath/DMEM + 1% FBS 115 0.195| 0.282 0.054 0.317 0.282 0.48)
116 Zeta Potential (mV) 20 min US-bath/DMEM + 1% FBS 116 -11.4) -12 -12.4 -10.0 -10.2 -7.76|
117 monomodal 20 min US-bath/DMEM + 1% FBS 117
118 Zeta Deviation 20 min US-bath/DMEM + 1% FBS 118 16.2 44 176 15.4 128 12.2
119 Size (d.nm) 20 min US-bath/DMEM + 5% FBS 119 522.7| 1073 1487 1079 925 848.3]
120 Z-Average (d.nm) 20 min US-bath/DMEM + 5% FBS 120 450.4 1065 1197 656.9 696.2 921.8]
121 Pdl 20 min US-bath/DMEM + 5% FBS 121 0.223] 0.302 0.179 0.367 0.221 0.456
122 Zeta Potential (mV) 20 min US-bath/DMEM + 5% FBS 122 -10.4 -11.3 -9.47 -13.7 -9.38 -11.9)
123 monomodal 20 min US-bath/DMEM + 5% FBS 123
124 Zeta Deviation 20 min US-bath/DMEM + 5% FBS 124 16.9) 13.6 12 203 118 12.2
125 Size (d.nm) 20 min US-bath/DMEM + 10% FBS 125 565.7| 1255 1228 1155 605.2 1110
126 Z-Average (d.nm) 20 min US-bath/DMEM + 10% FBS 126 473.1 957.9 874.8 570.3 480.8 619.8]
127 Pdl 20 min US-bath/DMEM + 10% FBS 127 0.204] 0.234 0.235 0.417 0.239 0.391]
128 Zeta Potential (mV) 20 min US-bath/DMEM + 10% FBS 128 -11.3] -115 -10.4 -11.8 -105 -5.43|
129 monomodal 20 min US-bath/DMEM + 10% FBS 129 -10.2 -9.61
130 Zeta Deviation 20 min US-bath/DMEM + 10% FBS 130 14.3 14 195 14.1 134 26.5)
131 Pdl DLS 131 0.427 0.242 0.221 0.171]
132 Isoelectric Point (pH) ultrasonic spectroscoj 132 6 6.9
133 |Crystalline type (Anataze) XRD 133 1] 1 1 0 0 0.85,
134/ Crystalline type (Rutile) XRD 134 0 0 0 1 1 0.15
135|Crystal size (nm)(Anataze) XRD/Peak fit 135 56.66) 5 18 18
136/|Crystal size (nm) (Rutile) XRD/Peak fit 136 19
137|Crystal size (nm)(Anataze) XRD/TOPAS 137 6187 5 16 18|
138|Crystal size (nm) (Rutile) XRD/TOPAS 138 19 20
139|Crystal size (nm)(Anataze) XRD/Fullprof 139 168.18 7 18 19|
140|Crystal size (nm) (Rutile) XRD/Fullprof 140 20 18
141|Crystal size (nm)(Anataze) XRD/Scherrer eq. 141 100 7 23 27|
142|Crystal size (nm) (Rutile) XRD/Scherrer eq. 142 26 27
143|Crystal size (nm)(Anataze) XRD/TOPAS, IB 143 100 7 26 27|
144|Crystal size (nm) (Rutile) XRD/TOPAS, IB 144 25 25
145/ Crystal size (nm)(Anataze) XRD/TOPAS, FWHM| 145 100) 10 28 31
146/ Crystal size (nm) (Rutile) XRD/TOPAS, FWHM| 146 28 29
147|Crystal size (nm)(Anataze) XRD/Scherrer eq. 147 100 30 23
148|Crystal size (nm) (Rutile) XRD/Scherrer eq. 148 18 23
149|Aspect ratio TEM 149 1.36|
150 Specific surface area (m?/g) SAXS surface (m?g) SAXS 150 169.5 65.6 51.1 524 47.0
151 BET surface (mzlg) BET 151 9.23] 316.07 77.992 50.835 56.261 46.175|
152 Total pore volume (ml/g) BET 152 0.0324 0.319 0.2996 0.2616 0.1935 0.1937
153 Micro surface area (mzlg) BET 153 0 13.625 1.108 0 0 0
154 micropore volume (mlg) BET 154 0 0.00179 0.00034 0 0 0
155|Dustiness Number Dustiness index (1/mg) Small Rotating Drum | 155 6.04 547 7.26 5.62 5.50|
156 Inhalable Mass Dustiness index (mg/kg) Small Rotating Drum | 156 2.86 243 3.96 3.59 3.01
157 Respirable Mass Dustiness index (mg/kg) Small Rotating Drum | 157 1.38 118 251 1.58 1.45)
158 Number Dustiness Index (1/g) by CPC (180s) Vortex Shaker (VS) n| 158 5.20 498 5.73 4.63 454
159 Number Dustiness Index (1/g) |measured by CPC (3600 Vortex Shaker (VS) n| 159 6.49 585 6.28 532 5.36|
160 Number Dustiness Index (1/g) |measured by ELPI Vortex Shaker (VS) n| 160 551 4.98 6.30 5.40 6.00)
161 Respirable Mass Dustiness index (mg/kg) Vortex Shaker (VS) n| 161 3.75 3.96 4.28 3.81 4.04
162|covered by hydrophobic layer of dimethicone (C2H60Si)n 162 1
163 | high hydrophilic surface 163 1
164 |Porosity total pore volume (ml/g) BET 164 0.0324 0.319 0.2996 0.2616 0.1935 0.1937
165 micropore volume (mlg) BET 165 0 0.00179 0.00034 0 0 0
166 | Photocatalytic activity UV-Vis 166 0 0 1
167|Radical formation potential OH- generation 167 0 0 0|
168 Surface reactivity 168 0 1 0

Table 4. Cytotoxicity assay data of the TiO, NPs (NM101-NM 105) extracted from eNanoM apper
database.
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Time Cell assay |Measurement condition| NO | NM100 | NM101 | NM102 | NM103 | NM104 DT0S
24 (hr) | WST-1 assay ECsp (ng/mL) 1%
Test cell type
ECs, (ng/mL) 2 1041.9 | 350.8
Test cell type NCI-H292| 16HBE
LDH assay ECsp (ng/mL) 3%
Test cell type
48 (hr) | WST-1 assay ECsy (ng/mL) 4 306.4
Test cell type A549
144 (hr)| MTT assay ECsp (ng/mL) 5*
Test cell type
240 (hr)| MTT assay ECsp (ng/mL) 6*
Test cell type
240 (hr)| WST-1 assay ECsp (pug/mL) 7 37.4
Test cell type NIH/3T3
ECs (ug/mL) 8 11.4
Test cell type mES
ECs (pg/mL) 9 235
Test cell type mES

1*, 3*, 5%, 6*:Combination of assays with the same time and cell lines, A549, NIH/3T3, mES
human adenocarcinoma-derived alveolar basal epithelial

A549

NIH/3T3

mouse fibroblast cell

mES D3 mouse embryonic stem sell
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Table 5. Cytotoxicity assay data extracted from eNanoMapper database for NM 103 with ECsy (> 100).

Time Cell assay Test cell type NM103 Number of assay tests
ECs, (ng/mL) for different doses
6, 24 (hr) LDH release assay HMDM > 100 2
24 (hr) WST-1 assay T™3 > 100 2
T™4 > 100 2
WST-8 assay 16HBE > 100 2
NIH3T3 > 100 2
NRK-52E > 100 2
RAW 264.7 > 100 2
RLE-6TN > 100 2
LDH release assay NRK-52E > 100 2
RAW 264.7 > 100 2
NIH3T3 > 100 2
RLE-6TN > 100 2
24,48, 72 (hr) Rals\?élgi;ls::;ay‘ RAW 264.7 > 100 2
MH-S > 100
Calu-3 > 100 2
240 (hr) WST-1 assay NIH3T3 > 100 1

HMDM (human monocyte-derived macrophages)
TM3 (mouse Lydig cell)

TM4 (mouse Sertoli cell)

16HBE (human bronchial epithelia cell)
NIH3T3 (mouse fibroblast cell)

NRK-52E (normal rat kidney cell)

RAW 264.7 (mouse peritoneal macrophage)
NRK-52E (normal rat kidney cell)
RLE-6TN (Rat lung epithelial cell)

MH-S (mouse alveolar macrophage)

Calu-3 (human lung adenocarcinoma)
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C-2-1
C-2-1-1

10

o2 Fe®

12

C-2-1-2
LD50 5000
mg/kg 80nm 155 nm
23
C-2-1-3

LD50 10,000 mg/kg
NTP (IUCLID

)LD, https://mww.meti.go.jp/policy/chemic
a_management/files/nanomaterial/2016.TiO
1.pdf

C-2-2
C-2-2-1
DNA
45
C-2-2-2
19
F1
CBA/J

F2
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C-2-2-3

15-40nm
24 6
7
C-2-3
C-2-3-1
E
8-12
C-2-3-2
QSAR/Read-across
90 nm F
1
11
2.
C-2-3-3
G
1
(IUCLID) 2.
(SIDS)
https://www.meti.go.j p/policy/chemical_man 3.
agement/files/nanomaterial/2016.TiO1.pdf
D 1 Jani, P. U.; McCarthy, D. E,;

Florence, A. T., Titanium dioxide (rutile)
particle uptake from the rat Gl tract and
translocation to systemic organs after ora
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