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(antagonism)2.& UojRct 5282 F 71K EAHEL B4 EE
|

A9 AR BAo] APHoR w2E EHLS WS AR 2 49T Uik

2) % &3 ABRATY A4 BARE AETIolE [www.kosha.or.kr]
PHAEATHE JHAGER(FEE) dRAE, d4Y w549 2438, http://junga
ngsh.com/manager/files/1459405485/1459405485_1.pdf
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AYAEL T 7] EHRAC] B4 2D AL & Bo| T2 B 5
AL WA RN A B0l A EHBASLS A3 ARG Holy

A+B
AF712HE (Additive) Al2=ZF-8 (Synergism)

A B A A B
714218 (Potentiation) - FARAS AR (Antagonism)
A 5 A B

[22 1-2] stEtEde] AR JIH(ET] 12ptd

i

(1) d52-&

@ A7H-&(Additive effect)

T+ 240 FAl9 =54 A AA m4o] MEAQ F4Z AT A
<ot He @<= Yuittth dE =01, A 249 =4°] 1, B 249 =4
o] 28t 7HYstH A7HEE Aol A 542 1+2=30] He 5ol

A5 2-8(Synergistic effect)
T+ 540 Ao =58 A%, Holk MEHL R kEE Aol U=

S4S @tt ARG AR = T_ A2 Quigtt. ol E0l, A 49 549 1,
B =49 F/o| 2=ta 7HY5HH A7HE Ao HA 542 3ET & 7
S-oltt.

® 7F52H&(Potentiation)

3) €4 A73]. 2020 € =45t AH fS B AR se



I. M

rhu
_

G0 2d Aot S4o] A8 YAG B AY gt BUA =
Aol e SHRAB BT W =EHYE SHRAE 2O 540 @
8] Z7hEe A4S ofnlsitt g Sof. A 249 £40] 0, B 249 &
ol 2ekx S 7H5AE Aol WA B4 100] He Aol

(2) Z2¥22(Antagonism)
AgA&(antagonism)S F 7H| S0 A &2 FF A =4
AN
(o]

[
o] 748 EHBUE W AR FopA]

rr
gl
Ti
i
)
)
I

=20
=5 ojoj
St dgatg £843Hinactivation) 2HFO0[2t1E R20, T SHO| SAl
(chemical antagonism) L= 32 HsbtEol0 540| HAEE oS el

ISy deAE0ltl: B2, £ =220 YA M=

ME|E ZIstRtR |
da d2As SiiE= M2|7152 7] W20 SA0 =E5T =40] &

(functional antagonism)
° EE gase Fooi
=N deaE

(dispositional S UN W S5 22, MA| U Bet e IFES HetAA
antggonism) =80l ga=s aeoln.

AHtH|(blocken)oll Qlet ZYAE02t e 22H, £ SFY
i %A—i'ﬂxlo AAl L 7F8 ALK 74%}6%[ =L LEE 740
(receptor antagonlsm) o== | qulelLE E_;o 1|01||. E:Lf;;”kg LOJL =2 oT

M2 ZHot0 =40| dakl= siyds et

o= =2

L8 2exg

[

< AA EEZ g FZ(whole
St X component-based approach)

get B EFRIL shte] Y

ne
r jus

2
[o
il
r}oll'
E?.’:
o
i)
=2
)
ot
do
o,

%,

gt e QA B SAEE Fo]

4) 24 : A4, 2020 BF = &
37 B4kt e A Bk mAER SalE

5) &4 : A43]. 2020
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toxicity identification and evaluation(TIE), whole effluent toxicity(WET)
A3 So] o]o] &gt}

T4 E-o gt 2L T34 sEEFE7Hconcentration addition; CA)
e 3} %@ﬂ%ﬁ(independent action; [A) HOZ UE £ oy, &= &
Aol Z-g71Ho] Hl=T AF sE=R7HCA) WHoE &3 Axel Hs}
, ZH&71-0] AR HE Afole SH71AA) BHo] ¥ oA7A| =
G4 FoAgo] digt A4 FAH7E BESt] SEF7HCA) HHol
7 Bl o g 851 9o, REACHOIANE 5X=F7HCA) B

r}Olt =

7) A=

2 AFoA FX5t A} ks e EEEe aeA oA 5=
HEE St A2 oY, 7|E A7 Aol orE 9o AYALES 1L
AR AAR(in vitro) L TA-EEH A& E44HS AMSSIAAT, 2 o
FoAe TFEZ WS A(reactome)0?} AR YEYA, pathway &
A 5 AEAETH 7|H 4718 £ ERAF 2 AOP gap-filling 5)& °l-&

ok
J

=494

i)

7149] EATE AEstunt stgcks Zo] 2 Aol Holtt.

6) WSAl(reactome)d HE AJESH] HZ9] HFAZ cell cycle, metabolism, signaling,
transport, cell motility 52 AEE2] X3S olu|gict,
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(1) AFUE @ H9RE, 2 BN WAL F2A 24, B
3 seledd 54714 d5e 9 EREde 74 2Ushd, wEA A
2(2 2Q1), Tehlol QA ANY B4 34 5 e SetEd A B
Aol AT 5 Y BABU B4 U 54 G| AR A=5ka
A sk, & BYRY w20 9ol Tt AR JES FEF B
F2Y =AMLY/ HLEY U A8 & Holt

@ 7 BRI wgEE serEdY ERTd 2@ A4

(Knowledge-based) A=AA(Data mining) ©ACE, Xm £ 2L
grouping(Target organ, common effect/AO, common specific mode
of action/AOP), SA7IA(Weight of evidence; WoE)ol A3 A=9]
AAS L Google scholar, PubMed, ScienceDirect 52 EdHAS o]
&% setEd Aozt 28714, IetEdyt AR (S, fHA, Alx
71 §) T ATETLES

T4 2} e E {FAA HHEA(Differential gene expression
analysis) ¥ Comparative Toxicogenomics Database 5= °]-&3%t 3}t
B4 E4/AA ddRAHS Fotal, KEGG DB 5ol4 AMg dloldHE
24510, E3E4d B &4 fAA, @8d o #AE EF pathwayd

9] 9[RS 9 Tl 7ko] A5 AHE&(Protein-Protein Interactions)< il

AugozH, 7t BHOA PR BB

1) ARl oz, Excel T2 o]&st] AT W& =



A 2335} 7+ 349 FsHEAY, CAS ¥1E, SMILES 7135 7|Yst3a,
7} sistEA o) gt AOP ¥3 HHER MIE, KE, AOS HA5}o] 71?33}9&
t}. o] AOP AEE2 AOP-Wiki, AOP KB ¥ stressor AOP(sAOP) &
A AAEE JRES 7|5

2) Z+ 3= LDsg, LCso 59 &4 HEE ChemlDplus advanced
oA AMsto] 7145k L, ACE functional group finderg ©l-&, Z+ gfgt
E29] 2875 #HA5I9 L, online chemical databaseolA Zr F+x7 1L

(structural alerts)?l] sfBol= L Hd(endpoint), = S I tist o=
ANE Atk
3) Z+ setEAo] B4 d=S 98, Lazar, Pro-Tox II, Vega-Hub ¥
Oncologic 9.0 T2 W& o] 830 AHEAQ EAd= AL syt
4) 7} sfekEAo] sfgst: 7S ANt Y8 KEGG pathway/mapper
o} Wiki pathway AFPIEE AAste] 52 oY, 72 SlotE4E IS ®
A7), 34, A8 5= dM5I8a,
5) GHS &710 W 7t 3fet=d9] fo8 A88 R EE 7IYstairh
6) PubChem A}C]EQA Zt 3}sH=219] Mode of action = Mechanism
ols

[ru

0

oY, m

of actions HAMslo] 7|5t
7) Elsevier Pathway Studio AIP|EE ©o]&, Z} SlstEZ 50| g SA4)
E= Aol A A ofBA ASE-Eo= 1°ﬂ gt AMZ3E Igo

= tiol ARsto] &gkt
8) 7t ststEdalt TAE HIAETS CTD ARC|EofA HMsto] Qg &
Zt 935 At

E2 AOPOA H=3F FJHO| tfgt data gap-fillinge &
£ key events relationships(KER) ¥ =41 7]A
, OFFet A4 =2 79 &8 42 R, Python 59 ZT&71
7HsA 58 nFBLA Btglet. of7]olA AlZtst ZR e

9
o ﬂl[ﬂl
oft
%

Q, ok ok

fu
o,
o ool 3
o, ME iy
R rlor oot
II.?_li

&ofo &
%
oH

oo

oF,
re



(1) vt Ax37
A Al2E49] @ B84 d3E {5k, Aolw el % A £H
o= sty AWt AEEHES StieH, sehEdite] AeAs 3
714 spekg f1sf flofA Audt o AFATNE =& B A
% 284 AstE Hote], 7 ERIEE Rt At e EHES 1ol

(2) Zepulo} Q143
Jepulo} QB EABIELS Fstel, 7 BSIRANY] HEAE U
s PEES

71 mets fEl Aol

his O O
BYEHER stylon, =8 349 TFEEESZ Bt 74 IeEdtY
452G U 714 Tekg 9] oM AP PHES FHOE AFARE

(1) 17 28]
69 119(3) 14 ALFI4E A, ARAe gL wgste] neksiort

@ 27 239
119 420(2) 2% ARSI 71, AR e wgstel Bashct
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Elsevier Pathway Studio ZZ139] ARE L AR o] st g AA
(ElsevierAhQ] AFE-H3E 591 HWITH Y II-1).

Re: Using permission required [210625-008782]

BEYARE "PB Elsevier Customer Care (ELS)" <pharmabiotecheh@else 21-06-25 19:25 [GMT +0
vier.comz=
e rim3249@kosha.orkr

Dear Kyung-Taek Rim,

Thank you for reaching Elsevier Life Sciences. | understand you need assistance using the conient of
Pathway Studio.

In line with the request to use the content of the Pathway Studio website, | was able to checked with
our 2nd Line of Support Team

The permission to use the content is granted. Kindly make sure to include the details below on the
lower part of the images you were about fo use as a part of copy rights policy.

Elsevier Pnf.hw%y Studio® <URL: https;//mammalcedfx.pathwaystudio.com> [accessed
Month.Day.2021]

| hope this would help in any possible way.

“four pati and ur ing is highly jated

Should you require assistance about another concern, please feel free to send an email to

pharmabiotecheh@elsevier.com.

Gera Villarosa
Customer Support Representative
ELSEVIER | Clinical Soluticns and Life Sciences Customer Service

Visit Elsevier Support Center

From: Kyung-Task Rim
Date: Friday, June 25, 2021 D6:56 AM GMT

Hello.
This is Kyung-Taek Rim, Ph.D. from OSHRI, KOSHA.

| have being performed the study with pathway studio in my field.

| want to get a Permission in mi/ work report publish your elsevier pathway studio results (figures)
»r:_mn [p]amway studio Mammalplus) freeware format (using view sample pathways for download the
igures).

https://mammalcedfx pathwaystudio.com/app/search

| subject to the condition that the original source is acknowledged by citing the Elsevier Pathway
studio.

https://mail kosha or kr/mail print'view.dofolde=TOTAL&ukey=60diafc33fcl Sfed...  2021-06-29

[23 II-1] Elsevier Pathway Studio XI2&&9] 59! e-mail
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~Hazard identification
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- 59 7|74 opdAef webd JEargo] thzs] HEe], AOP o=
1e BRekE 22 9u)7t glo] B

(2) AEL (D)
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21. 11900 A3 27 ARl M o] R ARl AL ofefe} ok,

(D) A=29Y A4()

- gEARst /WS ol8% TABH ot 5471 A7 1B
gete] HolHE st BANEe] FoR0| FEATE 5] WEA

- 2 dFoME Hdd F2 sitEe ANeH, 7

A= A A4H] FRIF HiEA] " Qeitiyl Aled
- Ot A SA0NA Y B EdEdo digh A4te A&EofoF &
= TR 2

(2) AHz91d 9H4(b)

- A7AYe] Tt A7 5% % targer SHART T 2 O 2

- U X 374 59 F28 92 breast cancer, neurodegeneration &
o] Huxof Iy A¥A HFol Washy, Adrdol gqirido] S&9l

SEERET

- FlelH APHT Y weelel At A AA
%

SEN
- B8 FoA ARA AFe] Asd Hage] gt APH A5 WY
sk o] H@s) B

27



(1) ¥=A] A2FHoNA msAtol &2 & Ue 2 =dEZ o
H MM-10A4 ZF ERIEE FE-5}0 UrEPM_U%, oz FoliiidE S 7FE 58
H A =

=
(B M-1) Yex SHON LE2E & U= X E2ES)

Alo|m 7tszfel & x=garel
Acetylene Acetaldehyde
Acetic acid Acetone
Acetone Antimony trioxide
Aliphatic hydrocarbon Benzene
2-(2-Aminoethoxy)-ethanol 2-Butoxyethanol(EGBE)
Ammonia n-Butyl acetate
Ammonium fluoride Carbon Black
Aromatic complex Cellulose
Aromatic sulfur compounds Copper(Cu)
Arsine Cresol
Arsenic Crystalline silica(Quartz)
Benzene Crystalline silica(Cristobalite)
Boron tribromide Cyclohexanone
Boron trichloride N,N-Dimethyl formamide(DMF)
Boron trifluoride EMC(epoxy molding compound)
n—Butyl acetate Epoxy resin
Carbon monoxide Ethanol
Carbon tetrafluoride Ethanolamine
Carbonyl sulfide 2-(2-Ethoxyethoxy) ethanol(DEGEE,
Catechol Carbitol)
Cellulose 2-(2-Ethoxyethoxy) ethyl acetate(DEGEEA,
Cerium oxide Carbitol acetate)
Chlorine Ethyl acetate
Chlorine trifluoride Ethyl benzene
Cresol Ethylene oxide
Cyclized polyisoprene Formaldehyde
Cyclohexanone Glycerol

) EX  GRAAGARATY uHAREY, 2020, 12. WA - YASH Y L&
42 9% FARARDEHE &
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#ojm 7t5Erel

Diborane

Dibutyl ether

1,2-Dichloroethylene
Dichloromethane

Dichlorosilane

Difluoromethane
N,N-Dimethylacetamide(DMAc)
Ethanol

Ethanolamine

2-Ethoxyethanol

Ethyl benzene

Ethyl lactate

Ethyl-3-ethoxy propionate

Ethylene

Ethylene glycol

Fluorine

gamma-Butyrolactone

Heavy aromatic solvent
2-Heptanone(Methyl-n-amylketone)
Hexafluoro—1,3-butadiene
Hexafluoroethane

HMDS
Hydrogen
Hydrogen
Hydrogen
Hydrogen
Hydrogen peroxide

Hydrogen amine

Isopropyl alcohol(IPA)

Methane

1-Methoxy—-2-propanol(PGME)
1-Methoxy—-2-propyl acetate(PGMEA)
2-Methoxy—1-propanol(3-PGME)
2-Methoxy—1-propy! acetate(3-PGMEA)
Methyl-2-hydroxy isobutyrate
Methyl-3-methoxy propionate(MMP)
1-Methyl-2-pyrrolidinone(NMP)
N-Methyl-2—-pyrrolidone

Nitric acid

Nitric oxide(Nitrogen monoxide)
Nitrogen trifluoride

Nitrous oxide

bromide
chloride
fluoride

or

n—-Hexane

Heptane

Hydrogen peroxide

Isopropy! alcohol(IPA)

Melamine resin

Methanesulfonic acid

Methanol

Methyl isobutyl ketone(MIBK)
1-Methyl-2-pyrrolidinone
N-Methyl-2-pyrrolidone
1-Methoxy—-2-propyl acetate(PGMEA)
Mold cleaner

Nitric acid

Phenol

Phenolic resin

Piperazine

Polyethylene glycol
Polyethylene—polypropylene glycol
Potassium hydroxide

Solvent naphtha

Sulfuric acid

Tetrachloroethylene
Tetrahydrofuran

Tetramethyl ammonium hydroxide(TMAH)
Tin(1l) methanesulfonate

Tin (Sn)

Toluene

Trichloroethylene

Xylene

or
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#ojm 7t5Erel F =g

Novolak resin

Octafluoro cyclobutane

Octafluoro cyclopentene

Octafluoro propane

Ozone

Phosphine

Phosphoric acid

Phosphorus oxychloride

Polyethylene glycol

Polyhydroxy styrene derivatives
Polymethacrylate

Polysilazane

Potassium hydroxide

Propylene

Propylene glycol dimethylether

Silane

Silica amorphous

Silicon tetrachloride

Sulfur hexafluoride

Sulfuric acid

Tetraethyl orthosilicate(TEOS)
Tetrakis(dimethylamino) titanium(TDMAT)
Tetramethyl ammonium hydroxide(TMAH)
Titanium tetrachloride(Tetrachloro titanium)
Triethyl borate

Trifluoro methane

Trimethyl borate

Trimethyl phosphate

Tungsten hexafluoride

Xylene

fl9l 8 =&7hs =d5°] E4=dd FHZE A =EHUE 4
dold & Y= F8 SALEHZE(AOPs)S ofdl £ & TYO=E e
B, 209k A7IHA BaefA] & <= SUE AAY breast cancers Td
sh= AEs°] F5 olFa AUtk ok & II-2¢9 ¥ M-2004=
AOP-WikiolAl Algote SATAAE HAES Yetyon, E3 o] A7}
o ko] Ri=A] A Pel A= AegArd 59 =214 A7 vlAl=
= 37 AEstee AR dkEn
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(B I-2) Hx 38 &5

z2 sigus)

rlol

3 SNUHAZ(AOP)

111 Activation, Estrogen receptor

293 1104 Increase, DNA damage

nitrogen species (RONS)

1182 Increase, Cell Proliferation 1193 N/A, Breast Cancer
(Epithelial Cells)

1183
177
1088 Increased, Oxidative Stress
1187
1188
1189
1190
1191
1192
1194
1195
1196
1197
1198
1213
1233
1240
1241
1242

1492 Tissue resident cell activation e
2 1192 Increased, Ductal Hyperplasia —— -~ == -~~~

1493 Increased Pro-inflammatory 1183 N/A, Breast Cancer

mediators
1632 Increase in reactive oxygen and
nitrogen species (RONS|

1484 Leukocyte recruitment/activation

1182 Increase, Cell Proliferation

(Epithelial Cells)

294 1632 Increase in reactive oxveen and 1182 Increase, Cell Proliferation 1194 increase, DNA damage

P 185 Increase, Mutations
(Epithelial Cells) 1182 Increased, Ductal Hyperglasia
1183 N/A, Breast Cancer
1492 Tissue resident cell activation
1483 Increased Pro-inflammatory
mediators
1494 Leukocyte recruitment/activation

199 ER mediated breast cancer AOP

200 Estrogen receptor activation leadingto 1181 Activation, Estrogen

breast cancer receptor
293 Increased DNA damage leading to 1194 Incresse, DNA
increased risk of breast cancer Damage

294 Increased reactiveoxygen and nitrogen 1632 Incressein RONS
ies [RONS) leading to i risk of
breast cancer

1182 Increass, Cell Proliferation [Epithelial Cells) 22 NfA, Breast Cancer
1183 Decreased, Apoptosis (Epithelial Calls)

177 N/A, Mitochondrial dysfunction 1

1088 Increased, Oxidative Stress

1187 Increased, ER binding to DNA [clasical pathway)

1128 Increased, ER binding to T.F. to DNA [non-classical pathway)
1189 Increasad, Proliferation [Endothelial cells)

1190 Increas=d, Migration [Endothelial Cells)

1191 Increased, Non-genomicsignaling

1192 Increased, Ductal Hyperplasia

1134 Increase, DNA Damage

1195 modulation, Bxtracel lular Matrix Compasition

1196 Increased, Invasion

1197 Activation, Fibroblasts

1138 Activation, Macrophages

1213 Increased, Angiogenesis

1239 Altered, Gene Expression

1240 Altered, Protein Production

1241 Increasad, Motility

1242 Increased, Second Messenger Production

1432 Tissue resident cell activation 185 Increase, Mutations
1493 Increased pro-inflammatory medistors. 1192 Increased, Ductal
1632 Increasein RONS Hyperplasia

1494 Leukooyte recruitment,/activation 1193 N/&, BreastCancer
1182 Increase, Cell Proliferation (Epithelial Cells)

1182 Increass, Cell Proliferation [Epithelial Cells) 1194 Increasze, DNA Damage
14352 Tissue resident cell activation 185 Increase, Mutations
1493 Increased pro-inflammatory medistors 1192 Increased, Ductal
1494 Leukooyte recruitment/activation Hyperplazia

1133 N/A, BreastCancer
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Incregse. DNA Damage

[22 M-2] AOP-Wiki0IAel SAMUSZZ DAILS)

otfjo] & IM-30ME WA Az Eded ka0 o a4 &4
% &3 pathway-29o sl gelste] yepint.

8) €4 : https://aopwiki.org/aops/
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(E [M-3) Her| HZEY SSH 20 Qg WX L 3 23 pathway-Z2H

hsa05200 Pathways in cancer - Homo Prostatic and breast neoplasm, carcinoma,
BCLZ sapiens (human) (10) [Cancer network Hepatocellular, Colorectal Neoplasms, Lung
viewer] Neoplasms
CASP3

ey hsa05022 Pathways of neurodegeneration _
CXCL8 - multiple diseases - Homo sapiens
CYP2E1 (human) (10)

HMOX1

IL1B ea@SA32 Sefmamai e Y Liver cirrhosis, Expenmental,. Reperfusion |.njurv,
. Breast neoplasms, Cholestasis, Extrahepatic,

IL6 sapiens (human) (9) Inflammation

MAPK1

MAPK3 hsa05163 Human cytomegalovirus )
NEE2L2 infection - Homo sapiens (human) (9)

PTGS2
TNF

hsa04933 AGE-RAGE signaling pathway in Prostatic and breast neoplasm, Liver cirrhosis,

diabetic complications - Homo sapiens experimental, Hypertension, Stomach Neoplasms,
Reperfusion Injury, Diabetes Mellitus,

(human) (9)

Experimental

29} #=Sl, “breast cancer’ @ WHE AOPs < ofl & [1-429} 1I-5
of UeRHTH

(F [I-4) Ut HZ SSHEH =2 Qs WM Jisst
EMUSZAZ E(AOP-WikiO|A{)

AOP Title Short name Key Event Title link

200 Estrogen receptor activation leading  ER activation to breast ca N/A, Breast Cancer https://aopwiki.or
to breast cancer ncer g/aops/200

293 Increased DNA damage leading to in  Increased DNA damage le N/A, Breast Cancer https://aopwiki.or
creased risk of breast cancer ading to breast cancer g/aops/293

294 Increased reactive oxygen and nitro ~ RONS leading to breast ca ~ N/A, Breast Cancer https://aopwiki.or
gen species (RONS) leading toincrea  ncer g/aops/294

sed risk of breast cancer
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(E II-5) “Breast cancer’?} ZEE AOPs(AOP-WikiOf|lA])
lﬂ.l....ﬂﬂ.........ﬂ!........ﬂ’....

1181 Activation, Estrogen receptor 1182 Increase, CE” Proliferation (Epithelial 1193 N/A, Breast Cancer

cells)

1183
177
1088
1187
1188
1189
1190
1191
1192
1194
1195
1196
1197
1198
1213
1239
1240
1241
1242

293 1194 Increase, DNA damage 1492 185 Increase, Mutations
1493 1192 Increased, Ductal Hyperplasia
1632 1193 N/A, Breast Cancer
1494
1182 Increase, Cell Proliferation (Epithelial

Cells)

294 1632 Increase inreactive oxygenand 1182 Increase, Cell Proliferation (Epithelial 1194 Increase, DNA damage
nitrogen species (RONS) Cells) 185 Increase, Mutations
1192 Increased, Ductal Hyperplasia
1492 1193 N/A, Breast Cancer
1493
1454

ofgf9] I IM-3°l4+= KEGG A|ESA AFst= 7]1d H=
(mechanism pathway)E UEMH ZO=Z breast cancer? F8 7]
cell proliferation(epithelial cells)& 7 dJEF O E Yebfal Qict

S2E FEAAEZA U ZZAAHE subtypes)?t human epidermal
growth factor receptor—Z(HERZ)ﬂ EA5t= Aol w2t fHere] &4 st
A F3ol= vl E2ekd

(O Luminal A subtype: Hormone receptor positive(progesterone
and estrogen) and HER2(ERBB2) negative

@ Luminal B subtype: Hormone receptor positive(progesterone

34



and estrogen) and HER2(ERBB2) positive

® HER2 positive: Hormone receptor negative(progesterone and
estrogen) and HER2(ERBB2) positive

@ Basal-like or triple-negative(TNBCs): Hormone receptor
negative(progesterone and estrogen) and HER2(ERBB2) negative

SEE F8A A FYE FE JAEEZ/ER F=E0 os) fUEH,
HER2 ¢/ 5% S %ollAl HER2+= PI3K/AKT ¥ RAS/RAF/MAPK F2E
gdstotal ME g%, AE 9 B3E ARttt Triple-negative breast
cancer(TNBO)E 41 YL IxjoA thafst Als AY HAZ(Notch 9
Wnt/beta-catenin)?] 24 sjA|e} I, EGFR ©¥ido] SRI=AH.
4ol B AA &9 8%vro] Ao 113% o]+ BRCAl T+ BRCA29] #%
2 Holet IE dAdolth BE FedolA 3719 FAAKTP53, PIK3CA
2 GATA3)ATE AN o ]7} 10% ©°ld9 YWHEZS UEHH
(wikipathways.org, 2019).
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[x] By 01
e o A"

SIEXI2 0I5 WM J7}sst EH(breast cancer)

i ey P

[13 m-3

] SR HZ =
pathways®)

9) &4:https://www.kegg.ip/kegg-bin/highlight pathway?scale=1.0&map=map05224
&keyword=breast%20cancer
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o|Ato] Ay W 27 EFS Eg, vl A AR TAo FEER & =
oA=& HEHOZ QE(Indium)9 (breast) cancero| gt F71A77 &
23 207 wdEleh

J12fH|of QI3 He| stetEE
(1) Z28kajo} QIAZHof A9 & Al Foll7Hs SFEZS o9 X -6
of A|A]5}9 AL, ©] £ ethanol(CAS No. 64-17-5)& &3+&534
a2l 7Hs(potentiation)o]] AY & FFE v|A = FsHEZ

Y POl AY A A§F Ao AgH AL,

(E IM-6) J12{H[0} QMIYAHM =EE = U= FQ SSEHS

Chemical Name CAS No. GHS
DIzt S - 2z
=4 SHIEY: S 7R
AR P Yl iaye
ERHH P
SY2HY7| EJ1E =) : TRAESIA 7S
SIERF7 SH018 =3} PR3O EL)

Ethanol 64-17-5 CCO

1508 CYP2ET Activation

ity am
A Erffg?glﬁ;‘g: 2= 1509 Protein Adduct Formation
Ethanol £4-17-5 WoHM - R Saa 1510 Oxidative Stress in Brain
- EHEHT7| SH1E =5} 2230 Ee) 1517 Lipid Peroxidation
SHEETT| SYiEE =5 722 1512 Unfolded Protein Response
1513 General Apoptosis
1514 Meurodegeneration
M Breast Neoplasms
M Anemia, Aplastic
Dlsps o 222 N Leukemia
=4 E)EHE?J E7:724
=1 CYPZE1 Activation
Ethyl benzene  100-41-4 EFIAF7| =40 .d =) FEIEEIA S Activation of Cyp2€E1
Sa=Rg ffl 5‘;_?%?5:?! TE2 Hepatocytotoxicity.
eSO Induction, persistent proliferation/sustained proliferation No AOPs
sty %4 - 7es
=4 SHIEY: S :- 7R
o sMLme 7SY: 2E2
. cTE2
Styrene 100-42-5 wotl .o,
My 322

222U 2husl =3 2eanrA T
S3IEg7l sdiin =g 72
ol 24 - et

olgf o] 18 I[-409)A% 1ghb|o} olaZA o] 7} SIHERE Q] T3t &0
o YEttes SAAEEEE FE key eventsE Rot Aot
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[ mM-4] J2tH|0t AMSHE = FQ SEIERSQ =8 SYLUHEZ(A0P)

ofgfe] & IM-7°A= Leprlof JAMTH EF=d =& ot f4A &
A 9 = pathway-2Ho] tisf| Fsto] Yt Ethanold] w4437
Z(AOP)Z oju] &z AoZE AOP 2207 26022 2t H(Liver cancer)
2 A7 E P (Neurodegeneration)= €O 7= AOZE ET 4 Ut

(B T-7) J24HI0F QB SIS B0 O3t QXK W, pathway Y LS

CASP3 hsa04932 Non-alcoholic https://www.genome.jp/keg  Diabetes Mellitus, Type 2,

CAT fatty liver disease - Homo  g- Diabetes Mellitus,

CYP1A2 sapiens (human) (5) bin/show pathway?hsa0493 Experimental, Prostatic
2 Neoplasms, Carcinoma,

cbazd Hepatocellular, Breast

Cyp282 Neoplasms

CYP2E1 hsa05022 Pathways of https://www.genome.jp/keg -

CLuD1 neurodegeneration - g-

HMOX1 multiple diseases - Homo  bin/show_pathway?hsa0502

IL1B sapiens (human) (5) 2

IL6

TNF
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o}z ZL"/‘U M-5¢ M-6914% AOP-WikiolA9] liver cancer Td =4
HHAZES YEPH o, CYP2E1T oxidative stress@} IHE 7H=A O
29 7k oF ol tigt (AOP-WikiolA AFdhe) BAEolH, o]& AOP
2 7t SitEdEY] SARAA EdHstE Hof CYP2E1 RAAte] EeH
gof 71Q1st F&EA 2R AoE wE et

Key Event Titl Key Eve

Title Short name e nt Type
Cyp2El Activation  Cyp2El ActivationlLeadingto  Activationof Cyp MIE
LeadinstoliverCa Liver Cancer 2E1 [(AOP 220)

ncer

CYP2E] activation  CYPZEL activationandformat CYP2EL Activatio MIE
and formationofp  ion of proteinadductsleading n [AOP 260)
rotein adductslead toneurocdegensration

ingto neurocdegen
eration

[28 m-5] AOP-WikiolAe] SHWHAZ BAL10)

10) &4 : https://aopwiki.org/aops/
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220 Cyp2E1 Activation Leading to Liver 1391 Activation of Cyp2E1 1392 Oxidative Stress 13395 LiverCancer
Cancer 1393 Hepatooytotaxicity
13594 Sustained proliferation

Level of :
Organization AOP Diagram

Macro-
molecular

Organ/Organ
System

Note that chronic or prolonged activation of Cyp2E1 is required for
this AOP to trigger liver cancer.

Legend:
Adjacent KE -
Mon-adjacentKE ««s )

[23 1m-6] AOP-WikiGIA2] liver cancer & SEAMUSHAZRE)

olgff 19 MM-7< KEGGOAIA Al&sl= AlFE P (Neurodegeneration)2]
711 A Z(Mechanism pathway)& YEHH ZOZF, oxidative stresst
mitochondrial dysfunction @ 12 I3}t apoptosis7} 1 382 %I A

o7 o=gch

11) €4 : https://aopwiki.org/aops/
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(. OFTIE_o 'S -
! ™ . Q /s )
Vvt "”h) Ry ; ‘e
Orrviatrs pymar (05) ind frmmasen oy mnbi
e miimacte crjen s s () otz .
——

o) rol My ) cemwramess N P AR b pkime R
Bl - ,— - i
I Wy B ) B Yy EE — ik i~ L e

[28 m-7] J2tH|ot ALBY EHSUZ QlsH LA JHsd
ZIH(Neurodegeneration) pathyways12)

ol e AtAax A %7| 1&S Fdl, LEHH|of AT =
HZAOZ oxidative stress®} apoptosis TAO] gt AZAY
% Ao WekEgL),
olff ¥ IM-8 1tH|o} RIZHoA SFEd a5 YAE &
A7 E Y (Neurodegeneration)® IHH HE AOPsE X2 AHO=F
oxidative stress, mitochondrial dysfunction, cell injury/death,

neuroinflammation, apoptosis 5= key eventsZ Z&otal UATH.

12) €A : https://www.kegg.ip/kegg-bin/highlicht pathway?scale=1.0&map=map
05022&keyword=neurodegeneration
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(E 1M-8) AOP-Wiki®lM2| neurodegeneration & SMUSZZARE

281A 12 AchE 10 ACh Synaptic Accumulation 352 N/, Neurodegenaration
to Neurodegeneration 1602 Activation, Muscarinic Acetylcholine Receptors.

1623 Occurrence, Focal Seizure

388 Overactivation, NMDARs

388 Increased, Intracellular Caldum overload

1788 Status epilepticus

55 Cell injury/death

48 Binding of agonists to ionotropic 875 Binding of agonist, 177 N/, Mitochondrial dysfunction 1 341 Impairment, Learning and memory
glutamate receptors in adult brain causes lonotropicgluamate 55 Cell injury/death

excitotoxicity that mediates neuronal cell receptors 352 /&, Neurodegeneration

death, contributing to learming and memory 388 Overactivation, NMDARs

impairment 388 Increased, Intracellular Caldum overload

618 Decreased, Neuronal network function inadult brain
128 Neurginflammation

17 Binding of electrophilic chemicls to 1487 Binding, SH/SeH 1538 Protection against oxidative stress, decreased 341 Impairment, Learning and memaory
SH{thiol}-group of proteins and for to proteinsinvolvedin 1392 Oxidative Stress

seleno-proteins involved in protection protection idative 1488

against oxidative stress during brain stress 55 Cell injury/death

development leads to impairmentof 188 Neurginflammation

learning and memory 14872 Tiszue resident cell activation

1453 Increased pro-inflammatory medistors.
386 Neuronal networkfunction, Decreased

374 Binding of Sars-CoV-2 spike protein to 1739 ACE2 binding toviral 5- 188 Neurcinflammation 1841 Encephalitis
ACE 2 receptors expressedon brain cells protein 352 N/&, Neurodegeneration

(neuronal and non-neuronal) leads to

neurginflammation resulting in encephalits

12 Chronic binding of antagonist toh- 201 Binding of antagonist, 135 Inhibition, NMDARs 352 N/&, Neurodegenersation
methyl-D-aspartate receptors [NMDARs) NMDA receptors 52 Decreased, Calcium influx 341 Impairment, Learning and memaory
during brain development leads to 381 BDNF, Reduced

neurodegenerationwith impairment in 55 Cell injury/desth

learning and memaory inaging 188 Neurginflammation

260 CYP2E1 activationand formationof 1508 CYP2E1 Activation 1510 Oxidative StressinBrain 1514 Neurodegeneration

protein adducts leading to 1509 Protein Adduct 1511 Lipid Peroxidation

neurcdegeneration Formation 1512 Unfolded Prortein Response

1513 Genersl Apoptosis

5. 249 & =¥ ZHY

fon

(1) 149 5 = 348049 =& Al Fl7ts SgEd<S ofd # 1M-9
of AAlstRTE. ESF AAAS] dEAQ IetEd T EZESWE AWE
(Portland cement; OPC(Ordinary Portland Cement)2tilx 3hH= 43,
Ag7h, IR0y 9 AR RS Rt dRE A9 HeE £
stal, ARE &8oto] AF4H E9A0 A1IE go| Ut ETFEEA]
REY 7P Eol 2ol1 Yl HE AHE JHIE A AA HJog 7P w
o] AHEE= AP 7]E A=olth

- 2 HJFof A= Portland cement?] FAE21 Silica®l AOPE YEFH O

TSt Portland cementd T TS FAJEQl ARSIRIFd|E(Aluminum
oxde)= FAAE Ho| YA FE20) sfFdsl= E4= EF=21I portland
cement®] 540l FFZ HA 5 U= AFEOCITHE 11-9).
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(B 1-9)

Chemical Hame

Trichloroethylene 79-01-6

Benzene

T1-43-2

Methyl isobutyl kotone 108-10-1

Perchloroethylene  127-12-4
Ethylbenzene 100-41-4
Styrene 100-42-5

otefe] ® III-

of et Lt

CAS No.

8y & &8 SHUM &2 =

(Silical AOP Z&h)

GHS
Mymle 334282

I

oE =4

15t éﬁ@m— A3y AE2
r Sely -

BUHE HOI%‘S - TE2

ﬂn*L

gy - 7EI1A

SFZEPI| =S40 _'r.i“ FEUCHEE)

e =dEy ﬂﬂ!’d

flety W -

e 4*”&144 Il—'“ésl TEZ

HEh £ 2lHE ‘.‘fl R

T ﬂomﬂg 2B Dacraass. Latrsoatiular pH
werd c FE1A

SEZEZT| S5 =) 1E
SEZEYI| SYE =) - 181

B8 a8y : 1
oy -rﬁi% fHd 123

26 mespior

Actystioe. Cocsifutve safrosis

lecress. MEogecic cof profarst
fos iepeinerter |

lecrmsrs.
i

;':vLE"l

'37I i—{’_‘l 18] ) -
SE=ER7| 24018 L8)-

FEHEEI|A FHF)
R3O ERE)

I sugms Ny ie
Ly 1B
H e 2408 £8): SauEHRS
o =48 sl

=R
=4 EQ'E-E ="J‘I‘ 2
gyY - pE2

BZET7| 549013 =F):
SEIBT| SHEs =%
B2 gl - 71
T =UEE 28y - 2E2
2zt HR - 322
=4 SHEY 7)) - 354
T RAgmEE Ay 1
Uz = adfd/s 24 382
HUHE Ho|RH - 7E2
Uy - pE2
dusy -2
SFZEY7| SdnE =¥ -?‘-ELIL-E?I?II =
SEIBTI| SHEs =%
B2 fEd - 81

w"—E! JLE:‘HI =

1004

=74

SR A0 E Aluminium Oxide  CAS No. 1344-28-1

EETE- LT

=4 349 7 shored
)==|
=

key eventsE Hof} A&}t

=9 =dkeE
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(B M-11) 244 5 £ 3
B

Hig{ O
2= x

FHX

BAX
BCL2
CASP3
CAT
CYP1A1
CYP1A2
CYP2A6
CYP2B1
CYP2B2
CYP2E1
GLUD1
G5TM1
GSTT1
HMOX1
IL4

IL6
NQO1
TNF

Portland cement?] FAAEX

el off i

hsa01100 Metabolic pathways -
Homo sapiens (human) (10)

hsa05200 Pathways in cancer -
Homo sapiens (human) (9) [Cancer
network viewer]

hsa05204 Chemical carcinogenesis -
Homo sapiens (human) (6)

hsa00980 Metabolism of xenobiotics
by cytochrome P450 - Homo sapiens
(human) (6)

hsa05022 Pathways of
neurodegeneration - multiple
diseases - Homo sapiens (human) (6)

hsa05418 Fluid shear stress and

atherosclerosis - Homo sapiens
{(human) (6)

IM-120f Yepdct.

https://www.genome.jp/kegg-
bin/show_pathway?hsa05200

https://www.genome.jp/kegg-
bin/show_pathway?hsa05204

https://www.genome.jp/kegg-
bin/show_pathway?hsa00980

https://www.genome.jp/kegg-
bin/show_pathway?hsa05022

https://www.genome.jp/kegg-

bin/show pathway?hsa05418

7k /4#° GHS & ¥

Liver Cirrhosis, Experimental,
Prostatic Neoplasms, chemical and
Drug induced liver injury

Prostatic and breast neoplasm,
carcinoma, Hepatocellular,
Colorectal Neoplasms, Lung
Neoplasms

Prostatic neoplasm, chemical
and Druginduced liver injury,
Carcinoma, Hepatocellular

Prostatic neoplasms, chemical
and Druginduced liver injury,
Carcinoma, Hepatocellular

Prostatic and breast neoplasm,
Liver cirrhosis, experimental,
Hypertension, chemical and
Druginduced liver injury,
Diabetes Mellitus,
Experimental

d A=

r
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(& TM-12) Portland cement L4&9| GHS 27 LU 22 AOP, pathway-ZH

Calcium oxide 1305-78-8 /e A5 d 121 Burns, Chemical

>

] AL
Mot AN AT E T2
SRR SHne 5 A 232274
A=)
Silica Si02 7631-869 EMHAEEV| EMHEIE &) F1E1 AOP 60, 187
hsa05417 Lipid and atherosclerosis
- Homo sapiens (human) (22)
hsa05200 Pathways in cancer -
Homo sapiens (human) (22)
[Cancer network viewer]
Aluminum 1344-28-1 AMALGHZE HO| QM 15, hsa05417 Lipid and atherosclerosis
oxide - Homo sapiens (human) (21)

Ferric oxide 1309-37-1 HEEEY| EH012| &)+ &23(==7|4  hsa05417 Lipid and atherosclerosis

- Homo sapiens (human) (15)

P E4EtE w5121 hsa05200 Pathways in cancer -
Homo sapiens (human) (13)
[Cancer network viewer]
hsa05022 Pathways of
neurodegeneration - multiple
diseases - Homo sapiens (human)
(12)

Am >4 Jjm
oA Jpox

™
it
oA

9]9] Portland cement EFEZ 2o E (CTD AMR|EJA E&35H ©
SFRARNEL Bel2, Casp3, Cat, Cxcl8, Fos, Il1B, 1l6, Tnf Tp53%2A], ©]
£ KEGG A|E #H&H pathway= A & A3}, ofefje} Zo] A=At

hsa05417 Lipid and atherosclerosis - Homo sapiensthuman) (17)

hsa05163 Human cytomegalovirus infection - Homo sapiensthuman)
(13)

hsa04933 AGE-RAGE signaling pathway in diabetic complications
- Homo sapiensthuman) (13)

hsa05200 Pathways in cancer - Homo sapienshuman) (13)

[Cancer network viewer]

46



9] pathways % Lipid and atherosclerosis®}t #HE AOPE= 237
“Secretion of inflammatory cytokines after cellular sensing of the
stressor leading to plaque progression” @24, o2 ¥ M-133 &k
™ o] AOPS| 9 stressorsZ+ Lipopolysaccharide, Graphene oxide
nanoparticles, Carbon nanotubes, Insoluble nano-sized particles,

Virus &°] At}

(E IM-13) AOP 237_“Secretion of inflammatory cytokines after cellular
sensing of the stressor leading to plaque progression”13)

1437 Sensing of the stressor by 1438 Increased production of pulmonary, 1443 Plague progression in arteries
pulmonary cells proinflammatory cytokines

1439 Increased production of pulmonary SAA

1440 Formation of HDL-SAA

1441 Increased systemictotal cholesterol pool

1442 Foam cell formation

i

&

i

i
0] |

(E
s

B [E

13) €4 : https://aopwiki.org/aops/
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JE}H]O} A= & Add T =F 30N ed=d =2 U &
o7 Uehts Eol& AOPE A7NH. sapiens)olAl CYP2E19] &43}
(Actlvatlon)i oIgt A1 ElYY(Neurodegeneration)2.&, 1 HALE o}
o] 119 -89 YRt CYP2E1] 9J3F ROS & Z#dt= ethanol®
AF EQF thE CYP2EL 7183 11 giAMMES] 55% Z9tHY o] Fr&=
Fet mhe Ao AREE o AT

AOP CYP2E1 Activation Leading To Neurodegeneration (Homo sapiens)

Ado
Tithe: AP CYP2EL Actvation
Organism; Homa sapuns

-

2] 1

ME OPELAain (08 |——#{ ke 10 |——#f vaiss: ) D e L

Apoptenis —
Uniolded Protein Response P o Bicmarker $BDP-145 increase

TESTEC
Streser jr— cfko/ - e
BCL2
i | i —
cteoel CYPIEL scivation.  ————— Oridative Stres o0t ES] —
pectaminephen /' | wrm— EIF2AK3
NEL

i

i

‘Halodhane
selmeme

It

|

Sevofiuane

[itammoms cxide:

Howbo edt

1508 CYP2E1 Activation 1510 Oxidative Stress in Brain 1514 Neurodegeneration
1509 Protein Adduct 1511 Lipid Peroxidation
Formation 1512 Unfolded Protein Response

1513 General Apoptosis

[23 IM-8] Neurodegenerationg LO7|= SHWUSHAZ(AOP 260)14

E3| o] A4 &P (Neurodegeneration)& FE5= AOP 260 “CYP2El
activation and formation of protein adducts leading to

neurodegeneration”®] stressorsZ+= acetaminophen, enflurane, halothane,

14) &4 : https://aopwiki.org/aops/
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isoflurane, methoxyflurane, sevoflurane, aniline, chlorzoxazone,
titanium oxide(TiO2), isoniazid, ethanol §°] Yo ™, E HJ1L9 12HH]
of FH ALY T = 38N =EHe £FEE T ethanol A&
o] o] F3i4d< “Is(potentiation)dt= A= WHHEY. EIL HAHd F
T oA EFEE E(portland cement?] k=& EIHE U=
Aop 39& “Covalent Binding of Low Molecular Weight Organic
Chemicals to Proteins leads to Sensitisation(Sensitization) of the
Respiratory Tract’2A4 3FHEd L7 Qst 557|4 WAL verd
AOPo|t}. o]9] 7]AE ol 18 M-9 ¢ M-109] Yerct.

n

Migration to o . » \;\ o
lymphoid & L

1%, Sensitizer
S ‘ (‘;‘ \_/*
2 NN

iL-10° Hapten-protein

:;rga - W E DC activation Alveoli

Ny S o
lL-13f \ L2, complex
o
L
A TSLP ‘M‘D
MHC j&\ °IL-25 ! * EC DC
e ./, Antigen ILC2™— % recruitment
Naive resentation Ry
T-cell Indirect DC == -
6 CCL2 ey -
o ey . i i activation «CCL5 2

Differentiation @ ccmn/ . DC

e i gt
Ao e = THZ ‘.I
= ° 0 L

e SR Memory e ll T

B-and T- fi13 P NS [ -]
2 e cell g .1
" B-cell activation
: @ Clonal expansion

[ [1-9] Respiratory sensitization?] AOP_39 ZAIE LU 7|X MHLE15)

15) €4 : https://aopwiki.org/aops/ & Arch Toxicol (2018) 92:803-822
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390 i f Lowr 386 Covalent Binding, Protein 151 Activation, yoytoki L i 313 Increase, Allergic Respiratory
‘Weight Organic Chemicals to Proteins leads cytoprotective gene pathways Hypersensitivity Response
to Sensitisation [Sensitization) of the 388 Activation, Dendritic Cells
Respiratory Tract 272 Activation/Proliferation, T-cells
Levelof AOP Diagram
Organization
molecular
1/Ti Actvation ef Inflammatesy eytokines,
CellTissue chematkines, ive gene -Jmml acmnonlmi]
pathways (Th2)
5 {]
Organ/Organ Tcull activation/prokleration (Thi)
System
Individual l

[23 MM-10] Respiratory hypersensitivity?] AOP_3916)

o2 {53 EAH|, Portland cement? respiratory sensitivity©l|]
ot ASAY A7 283 Ao 2 wHE Y. EI B A= 74 AF
el EFEH &2 Qs TAYSH= key eventsE T H| Hof, Z+ KEs 7F
9] #A = (relationships)= =&} 51 2 W, Cancer (breast, liver %),
neurodegeneration, respiratory hypersensitivity & YElY+ © &5}
= T8 AHES AR dZ45t] 3@ = IEE SHATHE 1M-14).

16) &4 : https://aopwiki.org/aops/
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(E [M-14) Key events relationship 2|

e L o E F G
Upstream Event Relationship Type Do
ACE2 binding 1o «

s leadsto  Neuroinflammation
Activation of Cyp2E1 leads 1o Oxidative Stress
Increase, Inflammation

Increase, Inflammation

nflarnmation leads to
7 leads to  Decrease, Apoptosis of ciliated epithelial cells
I r Receptor leadsto Decrease. Apoptosis of ciliated epithelial cells
9 | 1867 Apoptosis leads to A
1364 Increase, Oxidative Stress [/ Activation, PMK-1  leads to Activation, HIF-1

10 P38 MAP

Activation, HIF-1 leads to  Apoptosis
ation, Long term AHR receptor driven leads to  Changes/Inhibition, Cellular Homeostasis and
direct and indirect gene expression changes Apoptosis
Airway epithelial injury leads to  Increase, Inflammation
Alkylation, DNA leads to  Increass, Cancer
Altered, Meiotic chromosome dynamics leads to  Increase, Oocyte apoptosis
Altered, Protein Production leads to  Decreased, Apoptosis (Epithelial Cells)
Altered, Protein Production leads to  Increased, Oxidative Stress
1 at leads to Apoptosis
1 ell cycle, disrupted leads to Apoptosis
1367 Damaging, Mitochondria leads ta Apoptosis
21 | 1716 Histone deacetylase inhibition leads to Apoptosis
22| 2190 Increase Oxidative DNA damage leads to Apoptosis
23 | 1366 Increased, DNA Damage-Repair leads to Apoptosis
24 | 1341 Mitochondrial impairment leads to Apoptosis
25 1866 Unfolded Prortein Response leads to Apoptosis
26 | 1867 Apoptosis leads to  Activation,_hepatic stellate cells
27| 2191 Apoptosis leads to  Increase, Tissue/organ damage
28 | 1869 Apoptosis leads to  Liver Injury
29 | 1368 Apoptosis leads to  Reproductive failure
30 | 1735 Apoptosis leads to  Spermatocyte depletion

2) 7t 45 o2 walg o] JrAg 1

InBio Discover(https://inbio-discover.com/) & STRING(https://str
ing-db.org/cgi/input?sessionld=bGAcxdIrs3fC&input_page_show_se
arch=on) APIEE o]&5t0o] 7} AT kEH= TFEHAE U= oY
il b Ao AES vl aEskl o, oo T1F M-11904 M-13714]
of ¥t=A] Az, Tulot Q3 E HHA T = 3H0A E2EHe

TH=dof ot el It JoAE 9 35 pathwayss WERHHL
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5 2 Annotation Size  Overlap Ratio p-Value
i S @ Cerebral artery acclusion (D0ID:10127) 157 34/61 71.00 7.8e:57
L * & 4 . 9
4 Ve . @ Liver disease (DOID:409) 826 47/61 18.66 3.2e-53
. a2
d A IS TR @  Nervous system cancer (D0ID:3093) 759 46/61 19.87 4.8e-53
. Colonic disease (DOID:5353) 441 40/61 2974 7.3e-52
’
& | @ Toxic encephalopathy (DOID:3602) 177 3261 50.28 1.8e-50
Annotation Size  Overlap Ratio p-Value
@ Signaling by Interleukins (R-HSA-449147) 448 34/63 24.00 9.7e-40
. @ Cytokine Signaling in Immune system (R- 689 35/63 16.13 6.9e35
- HSA-1280215)
A ®  Interleukin-4 and Interleukin-13 signaling (R- m 21/63 60.06 1.3e32
g g ‘o HSA-6785807)
oy A v
s . ' T Cellular responses to external stimuli (R- 567 22/63 1232 1.7e-18
' 2 s ' HSA-6053807)
RS @ Intrinsic Pathway for Apoptosis (R- 52 11/63 67.16 6.6e18
' HSA-103606)
.
A 5 c o . ¢
#term ID term description observed (backgrourstrength  false d
|nsa05200 [Pathways in cancer 1 36 515 134 213
hsa04933 AGE-RAGE signaling pathway in diabetic complications 2 b 182 949
hsa05161 Hepatitis 8 22 142 168 117
hsa05418 Fluid shear stress and atherosclerosis Fal 133 169 1556
hsa04657 IL-17 signaling pathway 19 92 181 7808
hs305142 Chagas disease (American trypanosomiasis) 19 101 177 319
hsa04210 Apoptosis 19 135 164 412e
hsadS167 Kaposis sarcama-associated herpesvirus infection 20 183 153 1726
) hea05140 Leishmaniasis 16 70 185 2908
hsa05152 Tuberculosis 19 172 154 20E
hsa04668 TNF signaling pathway 7 08 169 216
hsa05145 Toxoplasmesis 17 109 169 229%
+ hsa05133 Pertussis 15 74 18 3.20¢
hsa05212 Pancreatic cancer 15 T4 18 3208
+ hsa05210 Colorectal cancer 15 85 174 179
* hsa04380 Osteoclast differentiation 16 124 16 B37E
¥ hsa01522 Endocrine resistance 15 95 169 718
+ hsa05215 Prostate cancer 15 a7 168 901E
1 hsaD4926 Relaxin signaling pathway 16 130 158 1.08€
hsa04932 Non-alcoholic fatty liver disease (NAFLD) 16 149 152 767E
hsa05222 Small cell lung cancer 14 9% 167 2108
hsa05164 Influenza A 16 168 147 404E
+ hsa04620 Toll-like receptor signaling pathway 14 102 163 747E
hsa04659 Th17 cell differentiation 14 102 163 7a7E
i heal5132 Salmonella infection 13 84 168 3108
+ hea04621 NOD-like receptor signaling pathway 15 166 145 1056
hsa04066 HIF-1 signaling pathway i3 % 161 1798
1+ hsa01524 Platinum drug resistance 12 70 173 195
) hsa05168 Herpes simplex infection 15 181 141 313€
hsa05220 Chronic myeloid leukemia 12 76 169 4456
hsa04010 MAPK signaling pathway 17 A B c o 3 3
1 hsa04218 Cellular senescence 14 sterm D term description observed (backgrour strength false discc
o s Sl e W e seen
1095 s  B1E-
i |Hsa-1095[Remostasis 10 591 072 000011
| |H5A-1168 Downstream signaling events of & Cell Receptor (BCR) 3 2 163 000028
i |HSA-5660 Response to metal ions 2 10 179 00021
' |HSA-12571PIP3 activates AKT signaling 3 18 09 0085
In REACTOME

[O2 mM-11] S=d HMEHHM E5= SEHSHO s HHE 2F 4S%}

3% pathways
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Annotation Size  Overlap Ratio p-Value
o @ Peptic ulcer disease (DOID:750) 39 6/59 5215 1.5¢-9
. Lipid storage disease (DOID:9455) 359 11/59 1039 699
@ Non-alcoholic fatty liver disease 217 9/59 1406 1.4e-8
' (DOID:0080208)
'
' Lysosomal storage disease (DOID:3211) 387 11/59 9.64 1.5¢8
4 ® Fatty liver disease (DOID:2452) 226 9/59 13.50 20e8
Y
Annotation Size  Overlap Ratio p-Value
-
03
-
velh i ® Cytochrome P450 - arranged by substrate 65 30/59 >99.99 43e62
F.. | type (R-HSA-211897)
@ Phasel - Functionalization of compounds (R- 104 30/59 9778 1.6e-54
HSA-211945)
@ Biological oxidations (RHSA-211859) 220 30/59 46.22 1.0e-43
Xenobiotics (R-HSA-211981) 24 15/59 >99.99 21e33
@ Fatty acids (R-HSA-211935) 15 11/59 >99.99 74e-26
A " c 0 : :
#term D term description ‘abserved tbackgrour strength  false dis
heat657 IL-17 signaling pathway 6 ) 215 1776
hsa05133 Pertussis 5 74 217 925E-(
|h9069]! AGE-RAGE signaling pathway in diabetic complications | 5 @8 205 239
hsal4663 TNF signaling pathway H 108 2 2B6E-
5304932 Non-alcoholic fatty liver dissase (NAFLD) 5 149 186 1.106-(
hsa05134 Legionellosis 4 54 221 228
hsa05140 Leishmaniasis & 70 209 5276
hsa04064 NF-kappa B signaling pathway 4 93 197 1386
3 hsal5146 Amoebiatis 4 94 197 1.38E-(
1 |hsal4620 Toll-like receptor signaling pathway 4 102 193 1526
2 |hsa5142 Chagas disease (American trypanosomiasis) 4 m 193 1.526-(
3 hsa05161 Hepatitis B # 142 179 4T9E-(
t hsa05206 MicroRNAs in cancer Bl 143 177 5336(
s |hs304621 NOD-like receptor signaling pathway 4 166 172 75560
3 hsa05010 Alzheimer's disease 4 163 171 7.55E-(
1 |hsa05152 Tuberculosis 4 172 1.7 TS556-(
1 |hsa05164 Influenza A 4 168 171 TS5E(
7 |hsa05167 Kaposi's sarcoma-associated herpesvirus infection @ 183 168 859E-(
) hsa05144 Malaria 3 47 214 1.08E-(
1 |hea05014 Amyatrophic lateral sclerasis (ALS) 3 s0 212 186
2 hsa05200 Pathways in cancer 5 515 132 1.18E-(
3 hsa04010 MAPK signaling pathway 4 293 147 443E-(
¢+ hsa05132 Salmonella infection 3 84 189 480E-(
5 hsa05323 Rheumatoid arthritis 3 84 189 4B0E-(
+ hsa05165 Human papillomavirus infection # nr 144 530E-(
7 hsa05145 Toxoplasmosis 3 109 178 9.08E-(
3 hsa04726 Serotonergic synapse 3 M2 177 946E-(
3 |hsa04380 Osteoclast differentiation 3 124 172 0000
3 |hsa04650 Natural killer cell mediated cytatoxicity 3 124 172 0.000
1 hsa05160 Hepatitis C 3 Lkl 17 0.000
1 hea04210 Apoptosis 3 135 168 0.000
3 |hsa05418 Fluid shear stress and atherosclerosis 3 133 169 0.000
e X 8 c ] 3 F
1 |#term ID term description observed (backgrour strength  false disce
2 |HSA-1280.Cytokine Signaling in Immune system 4 328 142 5.74E-05
)
H
]
In REACTOME

(22 M-12] J2H(0F QUEBFHOIN =EEls EHSTO| ofst ChT 7t 4SS

Y ZE pathways
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= o 2 ==t=
et 2 0183 SHSY SIIH o7
.
1 Annotation Size  Overlap Ratio p-Value
'
' @ Lipid storage disease (DOID:9455) 35 10/57 9.77 638
y ® Lysosomal storage disease (DOID:3211) 387 10/57 9.07 13e-7
9 @ Carotid artery occlusion (DOID:807) 17 4/57 82.56 14e7
’ i Occlusion precerebral artery (DOID:5976) 18 4/57 7797 1.8e-7
1
] @ Non-alcoholic fatty liver disease 207 8/57 12.94 1.8e-7
(DOID:0080208)
tend 4 Annotation Size  Overlap Ratio p-Value
e
¥ @ Cytochrome P450 - arranged by substrate 65 22/57 >99.99 1.1e41
type (R-HSA-211897)
@ Phase|-Functionalization of compounds (R- 104 22/57 7422 1.6e-36
HSA211945)
® Biological oxidations (R-HSA-211859) 220 22/57 3500 6.9e-29
Xenobiotics (R-HSA-211981) 24 13/87 »99.99 4.6e-28
® CYPZE reactions (R-HSA-211999) n 7187 »99.99 3.4e-16
B [ ¢ o € r
1 #term 1D term description abserved (backgrour strength  false ¢
hsa04933 AGE-RAGE signaling pathway in diabetic complications 7 %8 203 237
3 hsa04832 Non-alcoholic fatty liver disease (MAFLD) 7 149 185 2008
4 hsa05014 Amyotrophic lateral sclerosis (ALS) 5 50 218 833t
5 hsa05161 Hepatitis B 6 142 18 941
¢ hsa05152 Tuberculosis 6 172 172 2308
7 hsa05133 Pertussis 5 74 201 2868E
8 hsa04657 IL-17 signaling pathway 5 92 191 6526
o hsa05200 Pathways in cancer 7 515 131 2348
10 hsa04210 Apoptosis 5 135 175 301
1 hsa05418 Fluid shear stress and atherosclerosis 5 133 175 301
2 hsa05134 Legionellosis 4 54 205 6.01E
13 hsa05321 inflammatory bowel disease (1BD) 4 62 199 933
14 hsa05140 Leishmaniasis 4 0 193 137
15 hsa04D64 NF-kappa B signaling pathway 4 93 181 3B4F
6 hsa05146 Amoebiasis 4 94 181 364E
17 hsa05222 Small cell lung cancer 4 92 182 364E
18 hsa05145 Toxoplasmosis 4 109 174 578
9 hsa04071 Sphingalipid signaling pathway 4 116 172 695F
20 hsa04215 Apoptosis - multiple species 3 El] 216 968E
21 hsa00380 Tryptophan metabolism 3 40 205 189
2 hsa04217 Necroptosis 4155 159 189
25 hsa04621 NOD-like receptor signaling pathway 4 166 156 228
24 hsa05164 Influenza A 4 168 155 2.29¢
25 hsa05167 Kaposi's sarcoma-associated herpesvinus infection 4 183 152 305
26 hsa00140 Steroid hormone biosynthesis 3 58 189 438f
27 hsa05120 Epithelial cell signaling in Helicobacter pylori infection 3 66 184 6.11E
25 hsa00380 Metabolism of xenobiotics by cytochrome P450 3 70 181 697E
29 hsa01524 Platinum drug resistance 3 0 181 697
30 hsa04622 RIG--like receptor signaling pathway 3 70 181 697E
31 hsa05204 Chemical carcinogenesis. 3 76 177 796E
32 hsa04060 Cytokine-cytokine receptor interaction 4 263 136 963
33 hsa05132 Salmonella infection 3 84 173 997
n KEGG A B C o E F
#term ID term description observed ¢(backgrour strength  false discci
HSA-1280.Cytokine Signaling in Immune system 4 328 126 000031
HSA-1095: Apoptosis 3 161 145 0.00047 ¢
n REACTOME
2l [-13] HAY = £X 2N LS5 SSI2E0) o5t TR 71 ALSRIR
[O% mM-13] 2448 F =& SHOM Ekl= S|S0 2fst X 7t MSXIR
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SAHA AF+EHY 1 B TFEE AOPso|A Y KERF 1 7] of

mitochondrial complex [ of nigrostriatal neurons leads to
parkinsonian motor deficits'= B|EZEZ|ot 7|5 AHolE ol FHF
Aog Mezx &4 59 il &5 SHLE oJojX= 479 F8 AR
< 5o gt} mouly w9 nEZCEol 38 AR EA 1i(cl) ¥
Il AR A BAANAAMIEE Zdsid slE2Eol 7% gof
907 ol AAAY YT A0S S3 & Ik F1Hstn], YukHel KE

(MEZC e} 7135 ol BAE 2 AOP HEYIR olold S ek

Molecular .
initiating event Cellular effects Organ effects Organism
effects
(MIE)
MIE KE1/(MIE) KE2 KE3 KE4/(AOQ) AO
Binding Inhibition
to clll ) of clll N
A Y
A
| ) Impaired Degeneration Parkinsonian
Binding N Inhibition N Mitochondrial proteostasis of DA neurons )| motor deficits
tocl of cl dysfunction p of nigrostriatal (bradykinesia,
pathway rigor, tremor)
Binding Inhibition Neuro-
tocll of cll inflammation |5

KE assays: -ETC complex
activity (SH)

membrane

-Mitochondrial
potential

-Proteasome

activity -Neurite integrity
-Cell surface -Cell viability
glycosylation -ATP content

-Cellular
respiration (SH) -Transcriptome response

Biomarker assay:
[12 MM-14] E&=Z AOPsOA Neurodegeneration &2 KER % 7|®17)

17) €4 : Delp et al., Archives of Toxicology (2021) 95:591-615
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Respiratory hypersensitivity?} 3#, Gubernatorova 5(2021)2 34
S5 A4olA TNF, IL-6 H 7IE cytokinestte] 714< ot 111 II-15
o} Zo] A5y, AdSAH R =78 A= =EH 41 Alxe
FAAL MEE GASIA7]+=  TSLP(thymic stromal lymphopoietin),
IL-33 ¥ [L-259} &2 w/RAIE U5, g 24 014 Th2 Az &
Aot A s 2 AES F=ske IgE ¥4 R IL-59] B AIE 45 &
A& EXok= 1L-4 € 1L-132 A4, IL-500 oo &3k SA-= 45t
AEF A0 7]od5k= SHH, 11-23 2 [L-62] &4 stol|A A4 A|lx &35}
Al ThO AE= [L-12 &4 stollA Th17 AZZ E= Thl NZ=2 EsiHct
Thl 2 Thl7 NAZE &= HA9 EXQ 557 I5S A= S st

0|

141%

AU,

[— ]
Goblet

Airway ‘ AALUAARIINA i

2 *;“ AREER

(of<_ — ‘,,/z*oko

A A TN IL 251L-33 -

'\HIM (L

/021

A/IL-G =
IL-17

[12! m-15] E&=Z AOPsO|M Respiratory hypersensitivity(BI2A], asthma)
3 KER L 7|1H19)

18) €4 : Gubernatorova et al. (2021) Frontiers in Immunology 12:1704
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=

I ez |
o|Alo] AWET 7} A=0o] TFEA =A7| A 5] 71k RAERE ®
Fshd ofg) 18 M-16014 M-187Hx9F 2o} vhed] Az 4 4 4
gl 29 =42 Yl oy 714 ssrEd o] 23t 204 AAHnitric
acid), OMHlE(acetone), OlErZ(ethanol) ¥ o]AZZH AZ(isopropyl
alcohol)o] 83t 7I5&8(potentiation)& YEFHOH, 3 7]H-AA|
A A (air-liquid interface; ALD) AIARIONA AlZ2E ZHAZIHA 2FetE4
< LEANTIE= in vitro A8 & &9l ol ASct= A7 F&E oo &
Ao= e

AhR related potentiation
ER activation

Ho|E 7S e E=ger
Catechal Naphthalene \/\/ - f
[EE PRAH)

(e inseromeot AOP 200, 293, 294 ) > Neoplasms §
stripping photoresistors)
s selaiad poizn, ~ (breast etc.)

(EE s Q‘
/‘* ‘l//\/‘ /

Fyrene

Silica, amorphous

BsG ) CYP2E1 relatéd potentiation
Nitric acid [& &A1 Z, %0, wet deanirg, =235F)

DNA damage
RONS

AOIH 7h5 et T =ge
Carbon tetrachloride Acetaldehyde
(=235

Catechal e
[ZE prRAA) emiconductor encapsulants)

Di mathyl Lifoxida Dimethylformamide
[the rinse procass of stripping EBEEES
phutu rs)

Hydroquino Phenal

{Inhi bturufpnh{mnzalun) EESEE)

Nitrilotriaceticacid Tetrachloroethylene
[EE%, 8= 9A2325)
Acetone (RO[T712 37 THt

Ethanol [£E PREA], EE'EP’"JH J\‘IIE I, = )
Isopropyl alcohol (2 PREA|, A 24 M EE S, 5 IE’T‘ ME E)

Ta 2s

(23 M-16] HER MXYEIOY) SHEY B2 QI3 SYUH M BAE
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MEERS! 7IUS 0183 SHSE SAVIY o
JetHiol JAMFHe] AS 8 542 UEtH= o 714 =29
%t FoA ethanoldte] Ed=4o] Fa3 7F5aHgZ UEWIL, 5 A

o W(in vitro) D XA W(in vivo) A8 & E3l ethanol 3
=49 cancer? neurodegenerations ASor= A7 $&E oo &

o7 o

CYP2E1 related potentiation

MEK Hepatotoxic Vg
et Proliferation Q\H‘\ //\\/ l,///7
cetone " /
1 e
Ethanol AOP 0, 260 L ~ Liver Cancer &
B —— ) -
lalcohol /
(st s related potent. v q-_\-—f-*‘a <
Ethyl benzene - Neurodegenerati (Y
Styrene Oxid. stress Jii_ ~ =
TFellrzaz Mt. dysfunction TL // V/\ \/

Cell injury/death

Hylene i i
Neurcinflammation

Apoptosis

[23 m-17] J2f8[0F AMSH SSEH L2 Qs SHUH 7|1H DA

A4d T =& 5349 4F 2 545 U= oy 714 seER Y
53t FoA "HA, EFQ, AL 5 1079 SehE3 =3 HEo]
Portland cement AEE3 L X3 =

d= Fddk= b 7FEEE ske
o7 oEoH, 5 AT W(in vitro) R A W(in vivo) A 6=
5 o5 SIMEEE EISE E3EA Y atherosclerosis, neurodegeneration
2 respiratory sensitizations ASorM= A7t & EooJoF & FogE #

e
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CYP2E1 related potentiation

Proinflamm. Cytokines
Pulmaonary SAA

Syst. Total Cholesterol Poo '~ ,// |
Acetane Foam cell formation [ / \\/" | 7
MEK L ) L/
—Atherosclerosis -
n-Hexane 7 = -
e,
Trichlorosthylene ,\Neurodegeneratlon Y
Benzene ~ > Resp. Sensitiz. n
Tol ; o -
oluens Oxid. stress Covalent bind to Ptn < / /
Perchloroethylene Mt. dysfunction Cytokines, Dendritic cells
. . Cytoprotective gene path. (Th2 L/
Ethyl benzene Cell injury/death - ) )
Meuroinflammation -cell act fproliferation
Xylene . Syst. Totzl Cholesteral Poo
Apoptosis
Styrene
Portland cement {Si}
=1 ] M X} _T'_I'I'll- | E SSHEXI = O|5} =Aldlts: |I
[O8 mM-18] MY & =& S AHE SIS E2 QI S4Us J|H

7. 711 43S ?loll Qs ASLd M|t

1) Cancer ASE 93t in vitro assay(tumor models)

AgH W Y e I ATE 9% A% £ AFYor] %2 X
22 9% Aug A3 BAE YL Wk T2 o) oF B A
o] 9lel Aol sl & Aol A HARA YT k. e} Ay o

7o) st AAE olale WoAoR Qs AW Y EoF ndo] AHI
\:ﬂ AHE',]O]JH JJ-E:]/\é ] .__7]_1;);]’1\]‘4.. 7&374_7_(_-]]_0_ /\]OS[J_]. LH zo]; Et_ﬂo E’_Fg-k]

3, 714 Hndy ¥ SF AZE FH. IY

A A=, vA 7S R ulA gAlsete] R [l 5 o
°§ AE 9 718 &4, 7184 A S ARt =S s
L AZEe AT Y EF 2do] A&t o] ZpssiATh ®3 £ I
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4) Respiratory hypersensitivity 222 3ot in vitro assa
P ry nyp y y

=4 ARADIMW) SeEo] WEHon wEuY 1% BE 53] &
d27] o et & o, frie] 49 54 LMW SIES 0§

o Tz stol Y27y S WRAACD) Ex 5571
ONE St Fe=r] AT YL AW 95} @
& o SetEde Yap 4 skt =8

2
o
~ r_‘

(0]
(RN
o

=
0
)
a9 ol o
>
0

o
= T
o] o]FojX|1L Ut} HWFE H|R/Z St E 7HA FEe ol A
RATE AAZIA] AT W = A WollA SeEdS 257 GHAR 3
oA RS ¢ e A5 HHE EA45HA d=t
Z|2ol| Al HioleutAL £4Z 7IRCE oh= mF el IehEEe
BS2E 93 2L HAE % 2 A9 7]¥F GARD(Genomic Allergen

[0
)
[o

:L_:
[o

Rapid Detection) ¥4& & ), H|55&7] AHIAel vlaste] 557
A el AH5HOE 2 HE= 389719 FAAE Edols Lo Hiol
LupA AIYAE A5ty 257 SHAE £75H7] 915 GARD +49]
AL 7HsE SR 71A S5 A =841 oy A EE ARESto
A4S A5ste] AdE Aw BolubA7E 587 BRdS FESHA

;O

ok &= 2 HoFAtH(Galbiati et al., 2016). A|Z &I o] Hlo] @u}
of Wx 71y B4 ERE 95 o] do] glH vlolenE Agtslo] £
3 AIZA Wi Y 557 HUNHS BE G2 & JE P 5P 2
& Az AW W HAE A ALYt

shelEo] ogt Thyl e 9¥e S WY WEE mde o

HSEHA AT, 47 = WA A|4F BE WrHeE 7|He
2 she HEotal AF4Rl HAE ¥HEE AMgole EF94 A 349
oS ¥ & AUt AUEHEE dod £ e FFEA Fo =:0]

T e AL A ®ol led I F THP-1 AZFE SAGAIZY o

].
of AY2AT EARES A HHSIAOM, THP-1 AZ £
Byl WS Yoz Aol Ut FEES AW » 9t
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5) Azt k9] A" AR

el

I ] 2dg gFstoj(Kamm, 2021)

Fe A AAHCR Fa Ag Aol WHEo] A% FATL Ut 5

o @70l 4L LLALS, HIY 5 chdy Foe oj1s] %

shajols, AAgI oFB A% Hlgo] A&Hoz S/ ol
(@)

™

N
—_
é

o Ruaos A APH Y AF ¥ FB 299 ke d5gos
o], E3h ofe] ATOlA HEAQl AE e AstHoR oFF wz

Aq&otA] Rttt ot HiHE 55 XY
AESHOA AolE Hof 5& HHA ARt
S W 5 Auist= olfolth. o WAl WY a9 9 Ad 95| &
= S #E7F 545 B35 wet A7F ol Higt olsiet A mE
2 4d & Qle Bu e @Ak =47 HasHA =l 714124
, AIARAE 9 A2 wieke] WHOE QIS ot AXE & 4 Qe
stA uld] HE2 9718 X (bioengineered microscale
organotypic models, BMOM)"0] 7RE|lo, <o thdt o]sE FAFA|
7171 f1gt APE BMOMS] &} HAo tisl] =21l Ut

BMOM®] o= &5ta A+ 9 A SHNAL F+d2 A5 A
gt&oln, ol= &4 gle]l, BMOMY] FH9et ol tigh =8 FHE &3t
oM AE AFHo=m A5y fsf 24 AW mdo] et a7t 74
840 ozt Z42 olsf7t EFsirh= Zoltt. 9% BMOMY /s X
T Ae T 7 T HA2 AAF 54T EoboflA i AOP(Adverse
Outcomes Pathway)E &-8sl= Zo|th(Villeneuve et al., 2014). AOP=
okEo] Zk8 7]Ao]| )3t WA olsfE Edlsl OFE |3 H HHAlO
2, AOP =YY= &2 TAE BMOMY 7S I5) XﬂOPHO*E}.
BMOMS RE2A] 9 AgkA] EAJO gz AESHH Ao dTe = F
8 2F E= AESH 14249 FE 7FsotA dtHMorgan et al.,
2016). AOP= o7 A7 IFolA ot BEshd T4o= S84, A%
2 7St 2] #S w7] 95 BMOM WEE ShE &= Qlt}. o] A

[0 oo o2 it oF o2

oX, Mo o oAl L o H1 o mx o HU @

Rl
ok
Z,
o
ofd
olr
1—!
LA

Jlm
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FA A AR Yoy HE

Aol RS 7Fs/dol 21, ol A714 Hl& 24, A4St X, 55242
2 dAsE P07 o]ojd Aok, BMOMO] digt gH2]#Ql Ao &3t
o g2 BRI vy BES A|lAH = As 51
E St A4 ALFAAESH] oA olfE @2 4 SAth(Helmink et
al., 2019).

A= dAad olet 45 282 AOPY wet £ HAYZNA 1 582

0

sldog nds

= O

0

A& E7] A9 in silico & "wet" @ o] ZFE|T FrlEojof & 4=
now, etA & e P J4F A9 == glo] o4&l BMOM= 7
e 4= QS A A gt Ve JHd, BESA, AR TR € A4
kel AR a3-E &5 17t € 5= Aol ¥ JEE BMOM ¥ A
8 Zdo] 54 4 glon 11 Rl FAk upptrbAlo|t. Attt FE
ofstel HRE 45t/ fldl A5 &AE BMOME 7Ndst= A2 A+, A
AYoig, A 9 & S oA 359 HeEd 8¥S FoAT =
23 4+ = W ¥ F EAE AVIEHTakebe, et al, 2018;

Ciccarella et al., 2018; van de Wetering et al., 2015; National
Cancer Institute, Surveillance, 2017; U.S. Environmental Protection
Agency, 2015).
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Z1i(dementia with
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4} vHH](progressive supranuclear palsy,

PD),

ZH(Parkinson’s disease,
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Lewy body, DLB),
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1] 47| AWM (corticobasal degeneration, CBD) ¥ OAT H=

PSP),
(multiple system atrophy, MSA)
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< 37 WIS Aot o= A 144 WiEe Stte A2

, AG7HA 1" F 7HA] A YA A AT T B ld {4

AHthe microtubule associated tau protein gene, MAPT) ¥ A%+Zd
FHAAHSNCA)NE =Ro] 71ed oxl&s 4AFHAde] 38 F2s ad 4

NEFZEZ ol 4o, AFHAEe FEtke 8% & 84 =4, 95

29, A} 2EFHA B A B EA4oln

8) A7 EA AZS Aolr] 9t T AAEH 9o AIdH
AA 23t 29 (Robert, et al., 2020)

AAEH d(neurovascular unit, NVU; FHI} =HET 12 Apo|9] A
T A A 7Nt A 2EE S AR 8 Ad 9 S8R A
oh i ZAEHY iy Rdo] Ad 109 53 /N EH AR OiXH A7+ 1
A 51 NVUQ A9 32H4(3D) &R/ 7Fedt ZE2 flh 2= 24 3%

&S AR B s FHY SRt H ARleE BRste ”Xﬂ@f 2=
SE 2A0A WigEEe 2NEE ¥, BRA, 3D A NVUE A

N

—_

12k QAT 3 AlZ(W T Mz, B8 Alx d AL 7 T £7
AZGPSC) S8 FHoz FAH o] AAHL HHE AZ 839 As

|

L= )

J

U 2A2 HolFn, 3 AR YAAE] F8 S4S ABAstn A
Aol 75 A WH 4] 4s 7oAl et of AlEd W A%t 5
NVUZ} Al7to] R|of ule} Yol oz MAE QA el 9 wjel-opd 2

o|=7} =& we} d=sto|HH(AD)T S A4 HIPA Ao AAHE
B 74 R4F AT © AP S US L BIFL U 39 dolgS
AlA &

AFat EF ARHPY AT B

¢
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=ax
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Jeong 5(2021)9] AFolA= ZAl HIAHA(PM2.5)9] 8 59 R
ogd A EFOPM)Z QA dAel & EHE B2
Fo}

R

g

IARC(International Agency for Research on Cancer)o|A 1&1
A5 FRESCoY, DPM2 tet a4 = o]0zl Bt &9t
2= DPMO| =4 71de] Higt oldl= AlgtA o, F2 kugﬁéi%

53 Aojmz, o]do] AOP 20622 AOP-Wikiol A&t # %
AOPE 7|Hto g2 =4 7|d& XARE A3}, HA ToxCast Ho]F] ]
ﬁau l:ll_t—ﬂ Z—L‘ZL]:H_O__ /\]._9_ ]_oil DPM«] 7H1ﬂﬂ ‘Q:I—O]‘§X]O] AOP 206
S4< E9S & A RS 2399 v EEEE 249 DPMo] &
A JRAL AFAMIE)S] HdE WHASH=A] oFE ARSI o]& ERIFH
AOP 2069] key events2A], DPM2] A& 3sletEd o] SA TS 0I5/
el AOP 20637} FA& o2 HAE 24709] ToxCast 4 L o] Ao
A A F e ot £A4E 7IHe R st "Eld EES AR
(Jeong et al., 2021). DPMoll Z3td 100789 7HE sFsh=2 = 34707}
PPARy(MIE) ¥& EA0|A &45= e, 1% 1770 st ol KE
oA &4st= it DPME 7HE sisk=4o] AOP 2069 MIESH #&ol
<A F71E gRlst] 98 EA4=E Yetdl= slet=29] PPARyl gt &
A =7 Aol 3t 23 benzopyrenes d 7|EF T3 SFSHEZA O]
PPARyOl AEE 7FsAol 78 &%oH, in vitro A4 DPM E3&
29} -Eof weh PPARy 9 &4do] 57132 PPARy(MIE) ¥ mH=4d
o] el HFE F7HAO)SH= Aol AU A¥hHo= AOP 2065 &
&35t DPMO] 54 A=E IRl & =2 J5HeH, ES ToxCast ¥

=
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geld 292 Agat AOP H B

)

2 o

275t DPMI &2 =29 A 3 o
Zoltt.

of SttH(Zeng et al., 2019). 11 7|AS ZA th

AL AA| dAZANA HAYst= AT 289 /s ) BEfgAS EASIO)
ol F85tH, ET ofehd 9 v|gleld AEFA QR1E E 5
A& 291Z Hristr] A% {si= BV HHEHS iEe =
(Carnesecchi et al., 2019). @7°llA4 Pb, Hg, Cd ¥ Ase} #HH
Aol gk M= EA s JEEGoH, SEd2 Tl

1o ol 2] HpAl

_H

o,

R
[¢]

)

k)
L 3o |y
~

g
=

1o
o
T
=

Fol 2ot 2FEE2 142 YERdTh 23HE
do] qlom |IIAC gt TFE vA= Ao2 YEHY. sk
(CA) ¥ =1 ZH8(1A) 7]9hgt w2 mElEo] == o A
AT 2 AYFY =4 Aw 29 2, dME Z2Eady 9
B B2 45289 4 ostollA Alx 9 ¥ UdoF dEd
SEAY #Hd 54 2 /1A AScke o =R It Wu et al,
2016). ¥4 FEA(A-Phen) ¥ HE=2T ZHADP)= SH0 d &
L 374 09g EZ&E, A-Pheny} DP % AFEAL GUst= 202
QAR ol2gt L AEH] Y 5RO R g HAH2 & <A
AA &7 2o EFEL &2 QA AFH TV EHEL =29
A JZREE Asade] Aget 7|oE & 4+ AIHChen et al., 2019).
ot FFEA EA0 Higt AAA 98 45 A6 e E49
tloleE &dst= dHlole &% Zad9art Ajt=ElgeH AtE dlolH
Y ZEd¥3Y BHE YIS Aol ©@skea SFEEY 97 AAlE
Aot A A= dlole g8l AgtdE dlojEHE B EEEH] A%
FFE Frlote o olg9A E&o] =R BoEH(Dyck et al., 2013). o
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A AIHole in vitro BEo] =W AlY A9 =42 A Wln
vivo) Aol vl BE&Ao] St ZCo=E BHrid & Stk 2 d7]1e9
EAZ At B4 FUe] Yol in vitro =& AN AH(exposure system)
o] 7= glon, & A|A”Y AtH A9 md i 2 A A
ARolA 22 AFA AR nES AlFRtthes FolA w555t
Ax 2d AZ & 24 9 =& Y7t 2gEH(Zavala et al., 2020).

JArH o 2 siehEZo 2= AAAR] A4 aE AqSstr] sl
o wdo] BRI O = __;|<_7]. 1l =2x0] g0

2

o Eg=4f

f
o]

ol
ai-
ruﬁ‘;
J[m
ol

1%

v,

3 JEgo] g o e

NAZY 72E B Al DR 45R89 7128 T A AT

m QY Agkegon], BFeHE A o8BS olshal] 913 ol A

¥ uﬂﬂ‘”ﬂﬂﬂ 4B O1d RAYAIE BTERS 4TAGel
2, 7 =

A
&5
71 %

L& A 9% Hooto]l &4 ostofA] whAistty 7hEgtc
()53t %OH JJ*] 71&2 E3] g7stel HojoA thiol = g 7]
=9 82 7ol == A Spurgeon et al., 2010). PAHY E4= 5%
9] E(ETEL)E TAAZE £ lon PAHSH &5 Afo]9] 4452akgo] &
ol et J3FS vF F S vebhdth PAHSE F Atel9] AsaE
714& JSot7] HolAe 71 A7 BRotH(Lee et al., 2016).

32 At #5129 EpiDerm™& AMHSto] 2RI AZEE(PG)o] HE
o|AE|otET=(MDLR QIgt HEAFo| H|A= FFS RARES 4, Ml=
TsE(1% ololA fREATE Yoy, dREe] sE £221 0.01%
BAo A= mFAFo] YEpR] Al vehicle?l propylene glycol(PG)
< MI9| EA = 8o Edarrt gldch(Park et al., 2016). HHA o
12 gy S2|=(DDAC)S AEAZHEZEC) THEAY A=
Bkt A3, o] EEAL I 4SS T £ Qo] I 71HES HESH
ot7] Yol 71 A7 BASHLim et al., 2016). 53], 37] F° 3871
53 YAE Aok Axdo] PH M8 A2 9 &5 F e

=
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2 g
iﬂr‘ﬂ%% # 35t Eﬂr DDACQ} EG7} | —:aﬂ S AEHoR 5 4= 9
Ak, Az 54 9 ¥ 54 AdoA =4 Fd54E 238ds At
3 g 9 55 AT 5 o, 39y 54 FrE 25k A
£ 71&e& A dAC HiE =7 A7 E_SHKim et al.,
2014). W&FEw Z=o|=(BAC)L EfoEdl FYZ(TEG)S =F=4
(BAC+TEG)E &5t i # =49 72 AR W(iin vitro) ¥

4
A W(in vivo) NFEEE ARESto] FAEU. ol= BACTH 5482
% 9l vk TEGE: 3] Al:o] 240] A5k TEGE £57]0]4 BAC =

<& 7FsA(potentia)2 &2 F7HAZ 4= oH BAC ¥ TEG S¢=49
9= 24 BoE oolzE gAY o) 242 4 AHKim et
al., 2015).

&0l FAS e = 922
a7t ekal 7HgSHARE (549
A =g $ glon, 5495z £ dA=2 1
. e A7} S 1A SHE 0] SRAOE 1 EE 1 S} W
He 540 bE 4 eH, g 447 SN Gammarus pulex)?t A=
TtE #&(diazinon, propiconazole, 4,6-dinitro-o-cresol, 4-nitrobenzyl
chloride®t Z-2)of Z-&sh= vl 74 E4E4E R o] 7S AldAH. + =
AEHEY ke ¢AE THHE FS 1 5L FF2 FASHEA 295 &
=L dAgon, v EA96HE glE

o2 =2

stetEdo] §71A004 AAS o ol
A 379 BHSPEAe] wtet whe

rr rlo
L

d

A &4 83Ksequential effect)E 714 o

A 3&o] by ZFovt 7Fsdleh ol= o]¥ =40l {UIA Aol gt
&3 &=y dA4 ¥ 4AB/TE 4 JAEE B WS
FA 5ok o2 AlAFSHH, ohE ®A o A-Eot= SFeEd Ato]l € kEo] |
A 7AYo old HAo] WA= A ¥4 SAE AFL, 442 ©HE
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2017).

Al =8A= A7t 771 o,

Ashauer et al.,

H
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o] Jlon HFEo A7t I AolA Bt A =
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=N
=T

2719] 58k

of 4~5A

= . A2t AFdolA
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=
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( NEL L 5t

3= 23 e ZA=29| =gk (Scientific Committee on Consumer
Safety; SCCS, 2011).
(1) B4 A seEd2 AAFQl 44 520 IS v|A]= Yo
=

o% 8ot
A

T 372 AE% 4 9
3) A8 HEv} GEEPHOR A8 HetBue] 49, AP e
Ao 249 EPBA| O3t 1%

¥
o =38 AIPAEY 8%/
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21 1) H2580] A3 9% 1} o4 A2 3 o A2 A
= Ol AT 5 = BE T, = in vitro, in silico, &= EHx]]/\] a8
HEA EHAT 5L 2ol BUBY AT QMRS Yol By
¢ ETEEdes dEeR U 9 O & a9E dSs] A8 Eo
g H HolH 24 IS ARSI & Stk EdEdE FRA L
2 == Y7 ATEIL UH(Cheng et al., 2020). oA Q7] A
7 4L olsohs £ oojsl, Y o] Ho] AL 1 sfet U B]z}'ﬁm S
Ed2 29, 9ElE B7h MEtl(ed, 99 A, 99 54 5 9

o] &gt oA FhEold A2 AOoPo|tt. sstEd 1F9 MES /\F‘l
of SHElE QL o|EelT HAT Yl Woh WSS FAfsto] MR

Z oA JF 52U AEs7] Y5l EWAS(Environmental Association
Studies)& AM&-Sh= H B2 Lol A on, SdE4dy} H|gehy AEHA
[2lo] QIA ARl A= FFE 1ot 82 =sAoA £2 JE
£ AlFsk= €3] 2 AoltZheng et al., 2020). Aol W4t Q= kot

EA9] 7t A& JTFotal ABAR] in vivo A5 S0t o AETH
HAAAEES AHESte HEFLE ol sl Wet AOP 7lidol |/ StehE4
9] 718& oldficts == TAMCH key events®t KER(FLAMITA)
AQOPo]| ARH 7|2 71d& oldlistal B=E wet Agsh= b Al 24
Z2] oA &4 7Fse MSE 48T 4 AUtk ¥ KERS ZF KEE ¢
Ast= e AHE "1 oH, AOPY Fx2+= EFE4 BH7MA 714
A doleE 1Y w A § Agsith. AOP MdE AMESHH sz 7t
THES ARSI o 22 JHE 4 5 %o deed OF 9 8=

A o FrE 2ot A2 FL A1 AREE 4 AtHRim, 2020).
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= N-1904% &
goers Azg

A7 9 e B4/ ATSNA BEHL 9

A= HolgHo]A5E UERRH.

or
X
o

(B V-1) 2 ‘43}st 42 H0[EH|0|A SES19)
Databases Links Description
Netpath netpath.org AHEO| MY HZ0|A MEE 2aA
CHAH 20 SEE Al M| 0|2 217t MESHY
Reactome reactome.org H2o| M Jt=st x|
WikiPathways W'k'pitrgways' CHAF Z2 2 B 7|5 H0|EHo]A
Path pathways.embl. | Interactive Pathways Explorer(iPath)= Ctst A2
i de Mol AlZE}, 2N U MR XIHS B Y Y £ 7Y,
BioCarta= M= 2|9f E-J %—. AT1E et S5 & A9
3 249 Z5 A ¥ ATt 2ot it 202
BioCarta biocarta.com oA HAE B féf'_ 71 LIE| MZf 22101 S
12202 Agol] 1N F=et M= Z=20i et
Hors Mdgth
Cancer Cell | cancer.cellmap. | Cancer Cell Map2 A 3 Z{A0| 7156t Q17 240
Map org @2 3& 4= 234
HumanCyc_ QI7F CHAFZZ0H| CHet BHIARMOY| SHE.
HumanCyc | humancyc.org | /&4 o?_f QIZH HHAIKI= CHO|0{ 12 HI*OfEﬂ
QIZt CHALS| Fa MEf B DS Hddok= O MEEHUS
IntAct= %Xf ”2 A HI0HE flot F=2 AE 7l—°*
IntAct bi k/intact QF AA HO[HHO|A AAR 3 BM TS HZSH
TSt | PR HITECY | ae 4s mgo 28 FR0K B Ty AISKE S0
IS NREA AEY & US.
QIZh T M O|O|HH|0|A= QI7F THHEEK|Ol 2t
CHEE0) CHE =021 OBl MY & 73, 43 &8
HPRD hprd.org HEYT U My oimal pelsl YES AZNo=
AR Sghol= SY HEA SMES LEHE.
MINT mint.bio. MINT= =2 H(0[E7t et 2210 iz ot dXe=
uniroma2.it 43 = 02 Ty 7o) M5 A8 SEE =.
brendaenzymes BRENDA(Comprehensive Enzyme Information
BRENDA . System)= 71 XEN Ol g4 XEA & SILHE LEU:=
org T AAEIQ
genexplain. TRANSPATHE & 45 ©E 3 A =9
TRANSPATH
S com/transpath Cl|O|E{H|O A QL.

19) &4 : https://en.wikipedia.org/wiki/List_of_biological_databases

78



Aol a2 E7H5HA B2 detEd ] o r 9 WS VISR
o, AR (HHS) ELFEELS gutzo g st 584 ave] gt o
s et 54 8719 i 9 A8 digt mig Ao
H(Wang et al., 2020), B2 #5iAE0] Hsl= 28= ]
Sttt thol Al 42 sotEdo|lon a3 IRl A4 fds A

_]

(Lam et al., 2016). 22 NIEHS: &gt od3LojA] 3}
91 A% 01631— uﬂﬂﬁ}ﬂ Hc* Ezﬂ& Ao I3 Y=

of
olr
(0]
-,
;4
e

ol
=

52
Lo o 1>

ES
]| F= Z o] 3]
ol EZo] "t} o] ZEAEE= k& AHE &5 A7 =& SAE Fost
= ZoAEE NTP A& 7§t YTESAY AT 22 E4 =4
9] 54L& tF= A7A w§ g5t Syam, 2017).

A7+ 42 sbetEdyt v|gtety AEFA Q219 Bt SEEH &
S57] g0l ol=et B9t =59 YT oldfste A2 @ttt setEd
ZolM AAEZ(Exposome) 22 %*Eﬂ?ﬂ ST eE ZRIAO] oj=27]
THA e AE EEShHs A9 &t Jgolnt. ol AZ®o| B2 &3
s AEE Adtsty AW TE= 7}47—9}3]'—15 o] =&o] & ZoltkLee et
al., 2012). AAZZ(Exposome) 2F AEFH A Q91d st Hvkgoz A
AEAY B == WA detEd 8t ofyet 2l detE4d] digt 7
ANiE2 ZRITE AAZE 7E-2 A7 W72 s = JAT 1
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w29 7PsAo] ok A

Aoz 2783, A7 AT U AdEA o
o] YEHow we REo| GAst £4% IFEIES o2u Y
(Yang, 1994). E&F, AT ATSo|A SeH2A0] ALHE Fo] THE
o] AA B4 A Bt B AAATE 4T A8 2T 5 AL
& HolEnh 19969 NIOSHE S22 Eok2 217 A7 9449 Hof
F s AARen, TPBAY 4 9% = Hejgu 2
ing

9]
siet H7|&E Ay @4, d+tR 9
A2 @A WAk AolA 7P & Uehdti(Yang, 1994). A&7
AT F8 22 g A7), A& AAhE, dF HiZI7EA 9 Y] 29
A HAEE 315 EEE] AARAT, NIOSH(1996)= &5 4 #7184, ¢

A 5l 7e g, ASA, AW 371 3 780 wrle gE AAEd 47
FaFol it 2ARE Esto] o thE d9E IR} NIOSHE 3Fsh
A JeAES A A7 d9ez e, sskedd et s e
AUA] B3= 24 7|doA 9] sty Jeatgol diet ddd d+et <l
Zholl tigt Q4 s /A E & Edd @A 7 2APE Bastt kb
Aol FA leEd B4 Y I A7 BRsHH, o] EAol HIstHd
oretAlA A-t7F g asitt. A8 ESHL goke 29T =78 AR <+ 3l
om 94 3 SA 24 B Aol Baskal, A4 AYE ARESH &
F= 74 245 d9¥she HE4E7HRAE LT 5 A

A7 9 el k' 9 AY 9O =S wEe AAE AU
Td A2 FF 9L A8 oY o] #et AoH, FAA R &9
=4 AeZE ado] g 44 A2 A9}tk Aol A Bt ==
T e A9 Feet 9 spekEd 3 o] 290] Ao, ¥ siskE
Aofl dish A s Hol= 2 7ol EtE4o] 2o e
< A&HA &= 7 At EhEdo] A sk AU olAs ArdA oA
AgEE 8 2 552 et A dulelEsoF Wt oA &
ol tigh A+E °l8 + Ue =Y 7t At lenz e Y
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g
& Q=S s qAet.
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Abstract

Study on the toxic mechanism of mixtures using

bioinformatics

Objectives: This report is intended to present a comprehensive
review of the scientific evaluation of mixture exposure and risk
assessment at work, in order to prevent occupational disease. The report
summarizes the literature review and information that were undertaken
by searching the major web-sites used in most reviews or analyses for
the necessary data and discusses the future perspectives of occupational

health issues from chemical mixtures.

Methods: Knowledge—based data mining analysis according to the
matrix generated in each process, systematizing data based on data
collection and grouping, weight of evidence, and Google scholar, PubMed,
ScienceDirect, etc. The interaction mechanism between chemical
substances and the research results related to biological reactions, toxic
genome expression analysis using differential gene expression analysis
and Comparative Toxicogenomics Database, and data retrieved from
KEGG DB, etc. were analyzed. The specific genes related to mixtures,
genes on specific pathways related to proteins, etc. and Protein—Protein

Interactions was considered.

113



Results: The major hazard chemicals that can be exposed to
workers in the semiconductor process, gravure printing and construction
industry are combined into a matrix, focusing on carcinogenicity, germ
cell mutagenicity and reproductive toxicity (CMR), which are the most
important toxicity indicators among various hazards. The relationship
between these chemicals of major hazards was investigated. The main
AOPs that can occur when major toxic chemicals are co—exposed in the
form of mixtures are illustrated, and a schematic diagram of the AOPs
provided by AOP-Wiki were shown. Gene expression and related
pathway-diseases by exposure to mixtures are summarized and
presented. The mechanism pathway provided by the KEGG sites were
shown, and additional research was considered in relation to exposure

to mixtures in each industry.

Conclusions: In the case of semiconductor manufacturing, catechol
and dimethyl sulfoxide were the main toxic potentials among various
chemical combinations showing major toxicity. In gravure printing
process, the mixture with ethanol was suspected as the most toxic
potential among the mixtures of various chemicals showing major toxicity.
In the painting process in the construction industry, among the mixtures
of various chemical substances that show major toxicity, a mixture of 10
chemical substances such as benzene, toluene, and xylene, along with
the components of Portland cement were also suspected to induce toxic
potential. It is judged that verification studies on these should be followed

in the future.

Key words: bioinformatics, mechanism, mixtures, toxicity
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[1] "In studies | Source: Medscan, Title: Biodegradation aspects
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(negative) | .
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naphthalene
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enhanced both

of Polycyclic Aromatic Hydrocarbons (PAHs): A
review, Authors: Haritash,A.K.;Kaushik,C.P.,
Journal:  Journal of Hazardous Materials,
PubYear: 2009, ISSN: 0304-3894, DOI:
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inhibited
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pyrene degradation,
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Reference: Biodegradation aspects of Polycyclic
Aromatic Hydrocarbons (PAHs): A review,
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info:pmid/194424414#body:286

Materials,
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the TOC content of
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(), resulting in fewer
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percentages of 6—MnQO
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2-enhanced pyrene
degradation  between
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sunlight irradiation (a)."
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Source: Medscan, Title: Oxidative degradation of
pyrene in contaminated soils by 6-MnQO 2 with
or without sunlight irradiation, Authors: Chang
Chien,S.W.; Chang,C.H.; Chen,S.H.; Wang,M.C.;
Madhava Rao,M.; Satya Veni,S., Journal: Science
of the Total Environment, PubYear: 2011, ISSN:
0048-9697, DOI:
10.1016/j.scitotenv.2011.06.019, PII:
S0048-9697(11)00642-5, Reference: Oxidative
degradation of pyrene in contaminated soils by
6-MnO 2 with or without sunlight irradiation,
Chang Chien,S.W.; Chang,C.H. et al., (2011),
Science of the Total Environment,
info:doi/10.1016/j.scitotenv.2011.06.0194#body:
111
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pyrene  ——+)
AHR

Mechanism:
d i
interaction

r e ct

[1] "Pyrene is a
weaker AhR agonist (),
and 2b5umol/L pyrene
exposure produces
developmental
through the

pathway ( )."

toxicity
AhR

Organ: skeletal system, Source: Medscan, Title:
Low-level pyrene exposure causes cardiac
toxicity in zebrafish (Danio rerio) embryos,
Authors: Zhang,Y.; Wang,C.; Huang,L.; Chen,R.;
Chen,Y.; Zuo,Z., Journal: Aquatic Toxicology,
PubYear: 2012, ISSN: 0166-445X, DOI:
10.1016/j.aquatox.2012.02.022, PII:
S0166-445X(12)00080-X, Reference: Low-level
pyrene exposure causes cardiac toxicity in
zebrafish  (Danio rerio) embryos, Zhang,Y.;
Wang,C. et al., (2012), Aquatic Toxicology,
info:doi/10.1016/j.aquatox.2012.02.022#body:11
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consumption also . _
_ mykiss, Authors: Nault,R.; Al-Hameedi,S.;
occurred in trout
Moon,T.W., Journal: Chemosphere, PubYear:
hepatocytes when
d to the AR 2012, ISSN: 0045-6535, DOI:
exposed to the
P 10.1016/j.chemosphere.2012.02.012, PII:

agonist pyrene () again
that AhR
activation is associated
with

e n e

suggesting

increased
rgetic
requirements."

S0045-6535(12)00202-0, Reference: Effects of

polychlorinated biphenyls on whole animal
energy mobilization and hepatic cellular
respiration in rainbow trout, Oncorhynchus

mykiss, Nault,R.; Al-Hameedi,S. et al., (2012),
C h e m o s p h e r e
info:doi/10.1016/j.chemosphere.2012.02.012#b
ody:12

[3] "Adult  male
mummichogs were
exposed in the

laboratory to the weak
aryl hydrocarbon
receptor (AhR) agonist
pyrene at 0, 30, or 50
microg/L in 7-day static

renewal exposures.”

Title:  Differential
mummichogs

Source: Medscan, gene

expression in (Fundulus
heteroclitus) following treatment with pyrene:
comparison to a creosote contaminated site.,
Authors: Roling,J.A.; Bain,L.J.; Baldwin,W.S.,

MedlineTA: Mar Environ Res, PubYear: 2004,

ISSN: 0141-1136, DOI:
10.1016/j.marenvres.2003.11.001, PMID:
14967520, Reference: Differential  gene
expression in mummichogs (Fundulus

heteroclitus) following treatment with pyrene:
comparison to a creosote contaminated site.,
Roling,J.A.; Bain,L.J. et al., (2004), Mar Environ
Res, info:pmid/14967520#abs:4
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[1] "Furthermore,
naphthalene, believed
to be a weak AhR
ligand, has showed to

Title: B
and benzo(a)pyrene

Organ: brain, Source: Medscan,

—-Naphthoflavone alter

dopaminergic, noradrenergic, and serotonergic

systems in brain and pituitary of rainbow trout
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Tintos,A.; Soengas,J.L.; Miguez,J.M., Journal:
Safety,
DOI:
PII:
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PubYear: 2009, ISSN: 0147-6513,
10.1016/j.ecoenv.2008.03.007,
S0147-6513(08)00092-4, PMID:
B-Naphthoflavone
alter

Reference:

benzo(a)pyrene dopaminergic,
noradrenergic, and serotonergic systems in brain
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Gesto,M.; Tintos,A. (2009),
Ecotoxicology and  Environmental  Safety,

info:pmid/18462795#body:99

mykiss), et al.,

[2] A similar
increase in hexokinase
activity has been
reported

trout exposed to the

in  rainbow

AhR ligand naphthalene
).

Organ: liver, Source: Medscan, Title: Aroclor
1254 disrupts liver glycogen metabolism and
stressor-mediated
Authors:
Wiseman,S.; Vijayan,M.M., Journal: Comparative

enhances acute

glycogenolysis in  rainbow trout,
Biochemistry and Physiology, Part C, PubYear:
2011, ISSN: 1532-0456, DOL:
10.1016/j.cbpc.2011.06.013, PIl:
$1532-0456(11)00119-0, PMID: 21745595,
TextMods: 22: 'HK' =) 'hexokinase', Reference:
Aroclor 1254 disrupts liver glycogen metabolism
and enhances acute  stressor-mediated
glycogenolysis in rainbow trout, Wiseman,S.;
Vijayan,M.M., (2011), Comparative Biochemistry
and Physiology, Part C,

info:pmid/21745595#body:111
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receptor

Mechanism:

[1] F o ur
Estrogen receptors
crystal structures were

used for docking in this
study: Estrogen

receptorsa agonist

Source: Medscan, Title: Identification of putative

endocrine
QSAR-
structure-based virtual screening approaches,
Authors:  Zhang,L.;  Sedykh,A..  Tripathi,A.;
Zhu,H.; Afantitis,A.; Mouchlis,V.D.; Melagraki,G.;

estrogen receptor-mediated

disrupting  chemicals  using and
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Rusyn,l.; Tropsha,A., Journal: Toxicology and
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Est . Applied Pharmacology, PubYear: 2013, ISSN:
strogen receptorsa
) g e P o | 0041-00X, DOI: 10.1016/;.taap.2013.04.082,
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bound Estrogen
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and Applied
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[1] " T h e
meta—pathway enzymes
of catechol metabolism
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17483 and PPG7 during
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or salicylate or during
growth in the presence
of  2-aminobenzoate,
but in ATCC 17484 and
NCIB 9816 the

Source: Medscan, Title: Role and regulation of
the ortho and meta pathways of catechol
metabolism in  pseudomonads metabolizing
naphthalene and salicylate., Authors:
Barnsley,E.A., MedlineTA: J Bacteriol, PubYear:
1976, ISSN: 0021-9193, PMID: 1245462,
Reference: Role and regulation of the ortho and
meta pathways of catechol metabolism in
pseudomonads metabolizing naphthalene and
salicylate., Barnsley,E.A., (1976), J Bacteriol,

info:pmid/1245462#abs:3
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not induce any enzymes
of catechol metabolism
the

organisms."

in latter  two

Expression
(unknown)
DMSO -
AHR

(1]
sulfoxide reduced the
level of AhR mRNA by
~30-40% ()."

"dimethyl

Organ: liver, Source: Medscan, Title: Impact of
dimethyl sulfoxide on expression of nuclear
receptors and drug-inducible cytochromes P450
Authors:  Su,T.;
Waxman,D.J., Journal: Archives of Biochemistry
and  Biophysics, PubYear: 2004, ISSN:
0003-9861, DOI: 10.1016/j.abb.2004.02.008,
Pll: S0003-9861(04)00083-9, PMID: 15047195,
TextMods: 0: 'DMSQO' -) 'dimethyl sulfoxide',
Impact of dimethyl sulfoxide on

in primary rat hepatocytes,

Reference:

expression  of  nuclear  receptors  and

drug-inducible cytochromes P450 in primary rat
Su,T.; Waxman,D.J., (2004),
Archives of Biochemistry and Biophysics,
info:pmid/15047195#body:67

hepatocytes,

[2] "In the current
study, we discovered
that  0.1%

sulfoxide

Dimethyl
significantly
induced the activation of
the AhR promoter via
dioxin-responsive
elements and produced
reactive oxygen

species, which induced

CellType: fibroblast, Organism: Mus musculus,
Source: Medscan, Title: Dimethyl
stimulates the AhR-Jdp2 axis to control ROS
accumulation in mouse embryonic fibroblasts.,
Authors:  Wuputra,K.;  Tsai,M.H.;  Kato,K.;
Yang,Y.H.; Pan,J.B.; Ku,C.C.. Noguchi,M.;
Kishikawa,S.; Nakade,K.; Chen,H.L.; Liu,C.J.;
Nakamura,Y.; Kuo,K.K.; Lin,Y.C.; Chan,T.F.;
Wu,D.C.;  Hou,M.F.; Huang,S.K.; Lin,C.S.;
Yokoyama,K.K., MedlineTA: Cell Biol Toxicol,

sulfoxide
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apoptosis in
embryonic fibroblasts."

mouse

PubYear: 2021, ESSN: 1573-6822, DOI:
10.1007/s10565-021-09592-210.1007/s10565
-021-09592-210.1128/mcb.17.6.309410.1863
2/oncotarget.564810.1016/j.febslet.2007.03.04
610.1038/376167a010.1016/0041-008x(91)903
38-110.1126/science.aay779410.1016/j.jmb.20
07.11.07410.1091/mbc.E08-05-045110.1016/].
tiv, PMID: 33723743, TextMods: 46: 'DMSO' -)
'Dimethyl 126: 'DREs' -
'dioxin-responsive elements' 246: (MEFs)' - ",

sulfoxide'

Reference: Dimethyl sulfoxide stimulates the
AhR-Jdp2 axis to control ROS accumulation in
mouse fibroblasts., Wuputra,K.;
Tsai,M.H. et al, (2021), Cell Biol
info:pmid/33723743#abs:3

embryonic
Toxicol,

DirectRegulatio

n

DMSO

(positive)
__+>

AHR
Mechanism:

d

i rect

interaction

(1] "In
transcribed/translated
AhR and ARNT were
mixed in a 1:1 ratio and

vitro

activated with dimethyl
sulfoxide, 10-5 M AGN
190730, or 10-9 M
2,3,7,8-tetrachlorodibe
the
presence of unlabeled

nzo—-p—dioxin in

double-stranded dioxin
response element for 2 h."

Source: Medscan, Title: Unique property of some
the aryl
Authors:
Gabriel,J.L.;
Soprano,K.J.;

synthetic retinoids: activation of
hydrocarbon  receptor  pathway,
Gambone,C.J.; Hutcheson,J.M.;
Beard,R.L.; Chandraratna,R.A.;
Soprano,D.R., MedlineTA: Mol Pharmacol,
PubYear: 2002, ISSN: 0026-895X, PMID:
11809858, Reference: Unique property of some
the
hydrocarbon receptor pathway., Gambone,C.J.;
Hutcheson,J.M. et al., (2002), Mol Pharmacol,

info:pmid/11809858#body:249

synthetic retinoids: activation of aryl

"of

(2]

sulfoxide

dimethyl
with  or
20 nM  «
- napthoflavone, for 1,
3, or 4
- napthoflavone is a

without

days. «a

ligand of aryl

Organ: kidney, Source: Medscan, Title: A mutant
Ahr allele protects the embryonic kidney from
fetal
programming, Authors: Nanez,A.; Ramos,K.S.;
Ramos,|.N., Journal: Environmental Health
Perspectives, PubYear: 2011, ISSN: 0091-6765,
ESSN: 1552-9924, EMBASE: 2011666309, PUI:

hydrocarbon-induced deficits in
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hydrocarbon  receptor
that fails to induce | 363034420, PMID: 21803694, Reference: A

conformational changes
for efficient
transactivation of target
thus

as a

genes and
functions

competitive antagonist.”

mutant Ahr allele protects the embryonic kidney
from hydrocarbon-induced deficits in fetal
programming, Nanez,A.; Ramos,K.S.
(2011), Environmental Health Perspectives,

info:pmid/21803694#cont:58

et al.,

[3] "The effect on
AhR appears to not be
an effect of
ethanol-specific
response, as dimethyl
(and

possibly other organic

sulfoxide alone

solvents) was also able
to activate AhR."

CellType: hepatic stellate cell, Organism: Mus
musculus, Source: Medscan, Title: Regulation of
the activity and expression of aryl hydrocarbon
receptor by ethanol in mouse hepatic stellate
cells., Authors: Zhang,H.F.; Lin,X.H.; Yang,H.;

Zhou,L.C.; Guo,Y.L.; Barnett,J.V.; Guo,Z.M.,
MedlineTA: Alcohol Clin Exp Res, PubYear: 2012,
ESSN: 1530-0277, DOI:

10.1111/j.15630-0277.2012.01787.x10.1111/j.1
530-0277.2012.01787.x, PMID: 22486318,
TextMods: 39: 'EtOH' -) 'effect of ethanol' 79:
'DMSO" -» ‘dimethyl
Regulation of the activity and expression of aryl

sulfoxide', Reference:

hydrocarbon by ethanol in mouse
hepatic stellate cells., Zhang,H.F.; Lin,X.H. et al.,
(2012), Alcohol Clin

info:pmid/22486318#abs:13

receptor

Exp Res,

Regulation
(negative)
DMSO
breast cancer

"Breast cancer
(T47D)
treated with compound
4d, vehicle (DMSO) and

(1]

cells were

LEEO11T as  positive
control for 48h and
analyzed by annexin
V/PI staining."

CellLineName: T47, Source: Title:
Discovery of a highly potent, selective and novel

Medscan,

CDK9 inhibitor as an anticancer drug candidate,
Authors: Li,Y.; Guo,Q.; Zhang,C.. Huang,Z.;
Wang,T.; Wang,X.; Wang,X.; Xu,G.; Liu,Y.;
Yang,S.; Fan,Y.; Xiang,R., Journal: Bioorganic &
Medicinal Chemistry Letters, PubYear: 2017,

ISSN: 0960-894X, DOl
10.1016/j.bmcl.2017.06.041, PII:
S0960-894X(17)30643-1, PMID: 760,
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Reference: Discovery of a highly potent,
CDK9 inhibitor
anticancer drug candidate, Li,Y.; Guo,Q. et al.,
(2017), & Medicinal
L e t t e r S

info:doi/10.1016/j.bmcl.2017.06.041#body:75

selective and novel as an

Bioorganic Chemistry

[2] "Treatment
with
significantly  increased
the Bcl-2 level in F2-
and

pifithrin—a

dimethyl
sulfoxide-treated breast
cancer stem cells, and
blocked
intrinsic apoptotic cell
death."

consequently

CellType: stem cell, Source: Medscan, Title:
Ginsenoside F2 induces apoptosis accompanied
by protective autophagy in breast cancer stem
cells, Authors: Mai,T.T.; Moon,J.Y.; Song,Y.W.;
Viet,P.Q.; Phuc,P.V.; Lee,J.M.; Yi,T.H.; Cho,M.;
Cho,S.K., Journal: Cancer Letters, PubYear:
2012, ISSN: 0304-3835, DOI:
10.1016/j.canlet.2012.01.045, PIl:
S0304-3835(12)00100-0, TextMods: 15: 'PFT '
=) 'pifithrin-a' 79: 'DMSO" -) ‘dimethyl sulfoxide'
113: 'CSCs' -) 'cancer stem cells', Reference:
Ginsenoside F2 induces apoptosis accompanied
by protective autophagy in breast cancer stem
cells, Mai,T.T.; Moon,J.Y. et al., (2012), Cancer
L e t t e r S ,
info:doi/10.1016/j.canlet.2012.01.045#body:177

[3] "Fig. 2 FGFR1
overexpression confers
resistance to fulvestrant
and palbociclib. a Tile
plot of estrogen
receptor+ breast
cancers in TCGA (Cell
2015) with amplification
mRNA
upregulation of FGFRT1,
CRKL, HCK, FRK, and
FGR. b-d MCF-7eGFP

and/ or

Source: Medscan, Title: Aberrant FGFR signaling
mediates resistance to CDK4/6 inhibitors in ER+

breast cancer, Authors: Formisano,L.; Lu,Y.;
Hanker,A.B.; Jansen,V.M.; Sudhan,D.R.;
Guerrero—Zotano,A.L.. Croessmann,S.;
Lee,K.-M.; Nixon,M.J.; Schwarz,L.J.;
Dugger,T.C.; Mayer,l.A.; Balko,J.M.;
Arteaga,C.L.; Servetto,A.; Hanker,A.B.;
Sudhan,D.R.; Arteaga,C.L.; Hanker,A.B.;
Ericsson,P.G.;  Sanders,,  Journal:  Nature
Communications,  PubYear: 2019, ESSN:
2041-1723, DOI:
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and MCF-7FGFR1 cells
were seeded in 6-well

plates in full media
supplemented with 2
ng/mL  FGF2  and
treated with  vehicle
(DMSO0), 1 uM
fulvestrant, or 1 uM

10.1038/s41467-019-09068-2, EMBASE:
20190209423, PUI: 626920543, Reference:
Aberrant FGFR signaling mediates resistance to
CDK4/6 inhibitors in ER+ breast cancer,
Formisano,L.; Lu,Y. et al, (2019), Nature
Commumnications

info:doi/10.1038/s41467-019-09068-2#cont:2

Regulation
(unknown) AHR
-

cancer

breast

fulvestrant plus 1 uM 7
palbociclib + 1 uM
lucitanib.”

Organ: prostate, Source: Medscan, Title:
[1] "However, | Kynurenic acid and cancer: facts and
activation of AhR may | controversies, Authors: Walczak,K.; Plech,T.;

also lead to inhibition of
the
various

proliferation  of

cancer cells,
including liver, prostate
and breast cancer and
intestinal
carcinogenesis in mice

[83-86]."

Whnorowski,A.; Turski,W.A., Journal: Cellular and
Molecular Life Sciences, PubYear: 2020, ISSN:
1420-682X, ESSN: 1420-9071, DOl
10.1007/s00018-019-03332~w, EMBASE:
20190803986, PUI: 2003530174, Reference:
Kynurenic acid and cancer: facts and
controversies, Walczak,K.; Plech,T. et al., (2020),
Cellular  and  Molecular  Life  Sciences,
info:doi/10.1007/s00018-019-03332-wifcont:441

(2]

be more susceptible to

"Women may

lung carcinogenesis
when exposed to
dioxins  because  of
crosstalk between

dioxin receptor AhR and
estrogen receptor ER,
which is known to play
a role in breast cancer."

Source:  Medscan, Title:  Dioxin—estrogen
transcriptional interaction in lung cancer cell lines
expressing different receptor phenotypes,
Authors: Li,L.A.; Kuo,L.C.; Cheng,L.C.; Lin,S.F.,
Journal: Toxicology Letters, PubYear: 2009,
ISSN: 0378-4274, DOI:
10.1016/j.toxlet.2009.06.329, PII:
S0378-4274(09)00658-4, Reference:
Dioxin—estrogen transcriptional interaction in

lung cancer cell lines expressing different

receptor phenotypes, Li,L.A.; Kuo,L.C. et al,
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(2009), Toxicology Letters,
info:doi/10.1016/j.toxlet.2009.06.329#body:3

[3] ‘A role of
AhR-mediated
Amphiregulin
disregulation in breast
cancer development
also be

with  the
notion that
2,3,7,8-Tetrachlorodibe

p—dioxin

would
consistent

nzo-— might
have an inhibitory effect
on mammary

carcinogenesis ()."

Organism:  Homo
Title:

expression profiling in Caco—2 human colon cells

CellType:  keratinocyte,

sapiens, Source: Medscan, Gene
exposed to TCDD, benzo| a]pyrene, and natural
Ah cruciferous
vegetables and citrus fruits, Authors: de
Waard,W.J.; Aarts,J. M.M.J.G.;
Peijnenburg,A.A.C.M.; Baykus,H.; Talsma,E.;
Punt,A.; de Kok,T.M.C.M.; van Schooten,F.J.;

Hoogenboom,L.A.P., Journal: Toxicology in Vitro,

receptor  agonists  from

PubYear: 2008, ISSN: 0887-2333, DOI:
10.1016/j.tiv.2007.10.007, PII:
S0887-2333(07)00269-X, PMID: 18061397,

TextMods: 23: 'AR' =) 'Amphiregulin’ 125: 'TCDD'
- '2,3,7,8-Tetrachlorodibenzo-
Reference: Gene expression profiling in Caco-2
TCDD,
benzola]pyrene, and natural Ah receptor agonists

p—dioxin’,

human colon cells exposed to

from cruciferous vegetables and citrus fruits, de
Waard,W.J.; Aarts,JM.M.J.G. et al., (2008),
Toxicology in Vitro,
info:pmid/180613974#body:150

QuantitativeCh
ange (positive)
breast cancer
-—+) AHR

(1] "They showed
using a model of breast
cancer stem cells that

increased activity of
AhR/CYP1A1 inhibited
PTEN and

simultaneously induced
b-Catenin and Akt ..."

CellType: stem cell, Source: Medscan, Title:
Scented candles as an unrecognized factor that
increases the risk of bladder cancer; is there
enough evidence to raise a red flag?, Authors:
Van Breda,S.V.;
Pokrwczynska,M.;  Drewa,T.,

Juszczak,K.;  Poletajew,S.;
Adamowicz,J.;

Journal: Cancer Prevention Research, PubYear:

2019, ISSN: 1940-6207, ESSN: 1940-6215,
DOl: 10.1158/1940-6207.CAPR-19-0093,
EMBASE: 20190703318, PUI: 2003183570,

QuantitativeType: activity, Reference: Scented
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candles as an unrecognized factor that increases
the risk of bladder cancer; is there enough
evidence to raise a red flag?, Juszczak,K.;
Poletajew,S. et al., (2019), Cancer Prevention
R e s e a r c h ,
info:doi/10.1158/1940-6207.CAPR-19-0093#c
ont:97
CellType: mammary epithelial cell, Source:
Medscan, Title: Characterization of MCF

[2] "T h e s e | mammary epithelial cells overexpressing the

observations have | Arylhydrocarbon receptor (AhR)., Authors:

raised many questions | Wong,P.S.; Li,W.; Vogel,C.F.; Matsumura,F.,

such as why and how
AhR is overexpressed in
breast cancer and its
physiological roles in the
progression to advanced
carcinogenic

transformation.”

MedlineTA: BMC Cancer, PubYear: 2009, ESSN:
1471-2407, DOI:
10.1186/1471-2407-9-23410.1186/1471-2407
-9-234, PMID: 19604390, QuantitativeType:
expression, Reference: Characterization of MCF
mammary epithelial cells overexpressing the
Arylhydrocarbon receptor (AhR)., Wong,P.S.;
LiW. et al, (2009), BMC
info:pmid/19604390#abs:3

Cancer,

(3]
the
forming efficiency was

"Moreover,
mammosphere
reduced in a
dose-dependent

manner by CH22319,
suggesting that
blockade of AhR
signaling in
HER2-overexpressing
breast cancer could
palliate the

inflammatory autocrine
loop."

CellType: cancer stem cell, Source: Medscan,
Title: HER2
inflammatory signaling enhances mammosphere

overexpression—-mediated

formation  through of aryl
hydrocarbon receptor transcription, Authors:
Zhao,S.; Ohara,S.; Midorikawa,Y.;
Nakayama,M.; Makimura,M.; Park,Y.; Inouye,Y.,
Journal: Cancer Letters, PubYear: 2012, ISSN:
0304-3835, DOI: 10.1016/j.canlet.2012.11.021,
Pll: S0304-3835(12)00668-4, PMID: 23196063,

TextMods: 14: 'MFE' =) 'mammosphere forming

up-regulation

Kanno,Y.;

efficiency’, QuantitativeType:
HER2

inflammatory signaling enhances mammosphere

expression,

Reference: overexpression—-mediated
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formation  through up-regulation of aryl
hydrocarbon receptor transcription, Zhao,S.;
Ohara,S. et al, (2012), Cancer Letters,
info:pmid/23196063#body:105
Source: Medscan, Title: Population—based
[1] "In conclusion, | case-control study of AhR (aryl hydrocarbon
the results from our | receptor) and CYP1A2 polymorphisms and breast
study suggest that the | cancer risk., Authors: Long,J.R.; Egan,K.M.;
AhR Lysbb54Arg | Dunning,L.; Shu,X.O.; Cai,Q.; Cai,H.; Dai,Q.;

polymorphism may be a

Holtzman,J.; Gao,Y.T.; Zheng,W., MedlineTA:

GeneticChange | genetic  susceptibility | Pharmacogenet Genomics, PubYear: 2006,

(unknown) | factor for breast cancer, | ISSN: 1744-6872, DOI:

breast cancer | whereas  CYP1A2*1F, | 10.1097/01.fpc.0000189803.34339.ed, PMID:

-—-) AHR which is a potentially | 16538170, ChangeType: mutation, Reference:

functional single | Population-based case-control study of AhR

nucleotide]f(ryl hydrocarbon receptor) and CYP1A2

polymorphism, may not | polymorphisms and breast cancer risk.,

be related to breast | Long,J.R.; Egan,KM. et al, (2006),

cancer risk." Pharmacogenet Genomics,
info:pmid/165381704#abs:9

Organ: Lung, Source: Medscan, Title: Aryl

hydrocarbon  receptor  pathway  activation

enhances gastric cancer cell invasiveness likely

through a c—Jun—dependent induction of matrix

[2] "AhR gene | metalloproteinase-9.,  Authors:  Peng,T.L.;

polymorphisms have | Chen,J.; Mao,W.;  Song,X.;  Chen,M.H.,

been linked to an
increased risk of lung
and  breast

[10,11]."

cancers

MedlineTA: BMC Cell Biol, PubYear: 2009, ESSN:
1471-2121, PMID: 19371443, ChangeType:
mutation, Reference: Aryl hydrocarbon receptor
pathway activation enhances gastric cancer cell
invasiveness likely through a c—-Jun—-dependent
induction of matrix metalloproteinase-9.,
Peng,T.L.; Chen,J. et al., (2009), BMC Cell Biol,
info:pmid/193714434#body:65

[3] "Our  results

Tissue: mammary gland tissue, Source:
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Medscan, Title: A novel role of the aryl
hydrocarbon receptor (AhR) in centrosome
amplification - implications for
chemoprevention., Authors: Korzeniewski,N.;

indicate that continued

receptor expression is
an important prognostic

) Wheeler,S.; Chatterjee,P.; Duensing,A.;
expression of ) )
Duensing,S., MedlineTA: Mol Cancer, PubYear:
endogenous AhR
2010, ESSN: 1476-4598, DOI:
promotes centrosome
o ) 10.1186/1476-4598-9-15310.1186/1476-4598
amplification in breast
: -9-153, PMID: 20565777, ChangeType: gene
cancer «cells in a o
) amplification, Reference: A novel role of the aryl
pathway that involves )
in £ hydrocarbon receptor (AhR) in centrosome

cyclin E.

Y amplification - implications for
chemoprevention., Korzeniewski,N.; Wheeler,S.
et al., (2010), Mol Cancer,
info:pmid/20565777#abs:12
Source: Medscan, Title: Increased expression of
P-cadherin is an indicator of poor prognosis in
breast cancer. a systematic review and
meta-analysis, Authors: Sridhar,S.; Rajesh,C.;

[1] "Traditionally, | Jishnu,P.V.; Jayaram,P; Kabekkodu,S.P.,

TNM staging and | Journal: Breast Cancer Research and Treatment,

. analysis of expression | PubYear: 2020, ISSN: 0167-6806, ESSN:
Biomarker
of Estrogen receptor, | 1573-7217, DOI:
(unknown)

Progesterone receptor | 10.1007/s10549-019-05477-5, EMBASE:

breast cancer

and HER2/neu by | 20190806752, PUI: 2003535269,

---) estrogen | . : ; i

; immunohistochemical | BiomarkerType: prognostic, Reference:
receptor

P was used as prognostic | Increased expression of P-cadherin is an

markers in Breast | indicator of poor prognosis in breast cancer: a

cancer.” systematic review and meta—analysis, Sridhar,S.;
Rajesh,C. et al., (2020), Breast Cancer Research
and Treatment,
info:doi/10.1007/s10549-019-05477-5#cont:3
70

[2] "Estrogen | Source: Medscan, Title: Moesin expression is

associated with the estrogen receptor-negative
breast cancer phenotype, Authors: Carmeci,C.;
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Thompson,D.A.;  Kuang, W.W.;  Lightdale,N.;
Furthmayr,H.; Weigel,R.J., Journal: Surgery,
PubYear: 1998, ISSN: 0039-6060, DOI:
10.1016/S0039-6060(98)70122-9, PII:
S0039-6060(98)70122-9, TextMods: 18: '(er)' -)
marker in breast | ", BiomarkerType: prognostic, Reference:
cancer.” Moesin expression is associated with the
estrogen receptor-negative  breast cancer
phenotype, Carmeci,C.; Thompson,D.A. et al,
(1998), Surgery,
info:doi/10.1016/S0039-6060(98)70122-94#bod
yi
Source: Medscan, Title: Detection by screening
mammography is a powerful independent
predictor of survival in women diagnosed with
[3] "The initial | breast cancer, Authors: Gill,P.G.; Farshid,G.;
multivariable model | Luke,C.G.; Roder,D.M., Journal: The Breast,
indicated that method of | PubYear: 2004, ISSN: 0960-9776, DOI:
detection, stage, grade, | 10.1016/S0960-9776(03)00169-3, PIl:
and oestrogen receptor | S0960-9776(03)00169-3, BiomarkerType:
expression were | diagnostic, Reference: Detection by screening
independent predictors | mammography is a powerful independent
of breast—-cancer death | predictor of survival in women diagnosed with
(Model B,)." breast cancer, Gill,P.G.; Farshid,G. et al., (2004),
The Breast,
info:doi/10.1016/S0960-9776(03)00169-3#bod
y:67
[1] "Although the | Tissue: endometrium, Source: Medscan, Title:
del-5 estrogen receptor | Discussion, Journal: American Journal of
StateChange ) . .
(unknown) splice variant has be.en Obstetrics and Gynecology, PubYear: 2004,
shown to be active | ISSN: 0002-9378, DOI:
breast cancer L . -
——y estrogen constitutively |n. the | 10.1016/].ajog.2004.06.004, PII:
absence  of ligand | S0002-9378(04)00570-8, ChangeType:
receptor

binding in breast cancer

cell lines, its role in

alternative splicing, Reference: Discussion, No
authors, (2004), American Journal of Obstetrics
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normal endometrium is | and Gynecology,
less clear." info:doi/10.1016/].ajog.2004.06.0044tbody:27
Source: Medscan, Title: A bi-faceted role of
estrogen receptor S in breast cancer, Authors:
Leygue,E.;Murphy,L.C., Journal:
2] 2 01 0| V9 Py _
) Endocrine-Related Cancer, PubYear: 2013,
Phosphorylation of
ISSN: 1351-0088, ESSN: 1479-6821, DOI:

estrogen receptor b at
serine 105 is associated
with good prognosis in
breast cancer."

10.15630/ERC-12-0389, EMBASE: 2013405615,
PUI: 369198239, ChangeType: phosphorylation,
A bi-faceted
receptor B in breast cancer, Leygue,kE.;
Murphy,L.C., (2013), Endocrine-Related Cancer,
info:doi/10.1530/ERC-12-0389%#cont:457

Reference: role of estrogen

(3]

normal

"Furthermore,
breast
epithelium as well as

breast cancer tissue
contains  alternatively
spliced Estrogen

receptor mRNA variants
where single or multiple
exons are skipped.”

Tissue: mammary epithelium, Source: Medscan,
Title: Estrogen receptor variants., Authors:
Hopp,T.A.; Fugua,S.A., MedlineTA: J Mammary
Gland Biol Neoplasia, PubYear: 1998, ISSN:
1083-3021, DOI: 10.1023/a:1018726418931,
PMID: 10819506, TextMods: 101: 'ER' -)
'Estrogen receptor’, ChangeType: alternative
splicing, Reference: Estrogen receptor variants.,
Hopp,T.A.; Fuqua,S.A., (1998), J Mammary
Gland Biol Neoplasia, info:pmid/10819506#abs:4

CellExpression

breast cancer

--—— estrogen
receptor
Mechanism:

surface

"Flockhart's
focused

(1]

team on a
tamoxifen  metabolite,
endoxifen, which s
thought block

oestrogen receptors on

to

breast cancer cells."

Source: Medscan, Title: Patients' genotype could
Authors:
Satyanand,T., Journal:  Lancet  Oncology,
PubYear: 2006, ISSN: 1470-2045, DOI:
10.1016/51470-2045(06)70786-0, PIl:
S1470-2045(06)70786-0, Reference: Patients'

reduce effectiveness of tamoxifen,

genotype could reduce effectiveness of
tamoxifen,  Satyanand,T., (2006), Lancet
@) n c 0 | 0 g y

info:doi/10.1016/51470-2045(06)70786-04#bod
y:3
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[2] "Breast cancer
cells express hormone
their
the estrogen

the
receptor

receptors  on
surface:
receptor
progesterone
the
epidermal growth factor
receptor 2 (HER2/neu)
that,

overexpressed,

and human

when
help
cancer cells to survive

Tissue: milk, Organ: lactiferous duct, Source:
Medscan, Title: The adaptive potential of RNA
editing—mediated miRNA-retargeting in cancer,
Authors: Tassinari,V.; Cesarini,V.; Silvestris,D.A.;
Gallo,A., Journal: BBA - Gene Regulatory
Mechanisms, PubYear: 2019, ISSN: 1874-9399,
DOI: 10.1016/j.bbagrm.2018.12.007, PIl:
$1874-9399(18)30478-4, TextMods: 86: '(ER)’
-> " 114: '(PR)' -) ", Reference: The adaptive
RNA
miRNA-retargeting in

potential of editing—mediated

cancer, Tassinari,V.;

depending  on  the | Cesarini,V. et al., (2019), BBA - Gene Regulatory
presence of the| M e ¢ h a n i s m s
corresponding | info:doi/10.1016/j.bbagrm.2018.12.007#body:126
hormones."

Tissue: endometrium, Organ: breast, Source:

Medscan, Title: Integration of cell biology,

. pharmacological modeling and  statistical

[3] As an _ _ .

analysis:Part |1 Cell biology and PK/PD in the
example of a hormonal _

Oncology paradigm, Authors:
therapy for estrogen

receptor—positive breast

Ananthakrishnan,R.; Menon,S., Journal: Critical
Reviews in Oncology / Hematology, PubYear:

cancer, Tamoxifen
) " block 2011, ISSN: 1040-8428, DOI:
emporari ocks
X P Y . 10.1016/j.critrevonc.2011.10.004, PII:
estrogen receptors on
g P $1040-8428(11)00235-6, Reference:
breast cancer cells, . _ .
_ . Integration of cell biology, pharmacological
which results in the ) L .
o modeling and statistical analysis: Part |: Cell
inability of estrogen to | | i _
_ . biology and PK/PD in the Oncology paradigm,
bind to them. ) =
Ananthakrishnan,R.; Menon,S., (2011), Critical
Reviews in  Oncology /  Hematology,
info:doi/10.1016/j.critrevonc.2011.10.0044body:130
Regulation | [1] "The presence | Source: Medscan, Title: COLON CANCER
(unknown) | of estrogen receptors | DURING PREGNANCY:The Gastroenterologist's
estrogen|influences the | Perspective, Authors: Cappell,M.S., Journal:
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Gastroenterology Clinics of North America,
PubYear: 1998, ISSN: 0889-8553, DOI:
10.1016/50889-8553(05)70355-1, PII:
S0889-8553(05)70355-1, Reference: COLON

receptor ——-) | prognosis and therapy | CANCER DURING PREGNANCY: The

breast cancer of breast cancer." Gastroenterologist's Perspective, Cappell,M.S.,
(1998), Gastroenterology Clinics of North
A m e r i c a

info:doi/10.1016/S0889-8553(05)70355-1#bod
y:100

[2] " T h e
oestrogen receptor is
believed to play an
important role in the
growth and
development of a
sub-set of hormone
dependent human

breast cancers."

Source: Medscan, Title: Product News, Journal:

Current  Biology, PubYear: 1999, ISSN:
0960-9822, DOI:
10.1016/50960-9822(00)80031-7, PII:
S0960-9822(00)80031-7, Reference: Product

News, No authors, (1999), Current Biology,
info:doi/10.1016/S0960-9822(00)80031-7#bod
y:21

[3] "The National
Surgical Adjuvant Breast
and Bowel Project P-1
and P-2 studies both
showed that selective
inhibition of estrogen
with
drugs as tamoxifen or

receptors such
raloxifene (Evista) can
decrease the incidence
by
about 50% in women

of breast cancer
who are at high risk of
developing breast
cancer based on the Gail

risk model."

Organism: Homo
Title:

postmenopausal women at increased risk of

Organ: breast, sapiens,

Source: Medscan, Exemestane for

breast cancer, Authors: Abraham,J., Journal:
Community Oncology, PubYear: 2011, ISSN:

1548-5315, DOI:
10.1016/51548-5315(12)70026-8, Pll:
S1548-5315(12)70026-8, Reference:

Exemestane for postmenopausal women at
increased risk of breast cancer, Abraham,J.,
(2011), Community Oncology,
info:doi/10.1016/S1548-5315(12)70026-8#bod

y:8
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Source:  Medscan, Title:  Silica—assisted
incorporation  of  polydopamine into the
[1] "It is revealed | framework of porous nanocarriers by a facile
that the cooperative | one-pot synthesis., Authors: Zheng,X.; Chen,F.;
molecular  interaction | Zhang,J.; Cai,K., MedlineTA: J Mater Chem B,

MolSynthesis
(unknown)
—

catechol
silica

between silicic acid and
catechol  groups  of
polydopamine results in
a retardation of the silica

condensation during the

PubYear: 2016, ESSN: 2050-7518, DOI:
10.1039/¢5tb02784e10.1039/c5tb02784e,
PMID: 32263193, TextMods: 102: 'PDA' -)
'polydopamine’, Silica—assisted
the

Reference:

incorporation  of  polydopamine into

particle formation | framework of porous nanocarriers by a facile
process." one-pot synthesis., Zheng,X.; Chen,F. et al.,
(2016), J Mater Chem B,
info:pmid/32263193#abs:5
Tissue: plasma, Source: Medscan, Title: Solution
plasma synthesis of Si nanoparticles., Authors:
[1] "The results | Saito,G.; Sakaguchi,N., MedlineTA:
demonstrated that the | Nanotechnology, PubYear: 2015,  ESSN:
MolSynthesis | use of an acidic solution | 1361-6528, DOI:

(positive) nitric

of 0.1 M HCI or HNO3

10.1088/0957-4484/26/23/23560210.1088/09

acid ——+) silica | produced Silicon | 57-4484/26/23/235602, PMID: 25990371,
nanoparticles  without | TextMods: 90: 'Si-NPs' ) 'Silicon nanoparticles',
Si02 formation." Reference: Solution plasma synthesis of Si
nanoparticles., Saito,G.; Sakaguchi,N., (2015),
Nanotechnology, info:pmid/25990371#abs:3
Tissue: endometrium, Organism: Homo sapiens,
DirectRegulatio (] . A Source: Medscan, Title: Plant extracts for the
n
n (unknown) | . ) treatment of menopausal women: Safe?,
interaction of the AhR ] ] )
AHR -—=) Authors: Wuttke,W.; Rimoldi,G.; Christoffel,J.;
and aryl hydrocarbon ] i
estrogen Seidlova-Wuttke,D., Journal: Maturitas,
receptor nuclear
receptor i PubYear: 2006, |ISSN: 0378-5122, DOI:
) translocator with ) ]
Mechanism: 10.1016/j.maturitas.2006.06.021, Pl

d i
interaction

r e ct

estrogen receptors has
been reported recently.”

S0378-5122(06)00243-X, TextMods: 77:
'(ARNT)' - ", Reference: Plant extracts for the

treatment of menopausal women: Safe?,
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Wuttke,W.; Rimoldi,G. et al., (2006), Maturitas,
info:doi/10.1016/j.maturitas.2006.06.021#body:
29
Source: Medscan, Title: The aryl hydrocarbon
. receptor and the maintenance of lung health,
[2] For example, . .
o Authors: Guerrina,N.; Traboulsi,H.;
AhR activation by | . _
_ Eidelman,D.H.; Baglole,C.J.; Guerrina,N.;
2,3,7,8-tetrachlorodibe )
o Baglole,C.J.; Eidelman,D.H.; Baglole,C.J.;
nzo—p-dioxin initiates a i
_ _ . Baglole,C.J., Journal: International Journal of
physical interaction .
Molecular Sciences, PubYear: 2018, ISSN:
between AhR and the
1661-6596, ESSN: 1422-0067, DOI:
estrogen receptor .
10.3390/ijms 19123882, EMBASE:
[62,63], whereby the

AhR functions as an
E3-ligase and mediates
estrogen receptor
degradation [64,65]."

20180880478, PUI: 625379258, Reference: The
aryl hydrocarbon receptor and the maintenance
of lung health, Guerrina,N.; Traboulsi,H. et al.,
(2018),
S c i e n c e S
info:doi/10.3390/ijms19123882#cont:139

International Journal of Molecular

(3]
of the components of
the

hydrocarbon

"Finally, some

Aromatic
Receptor
complex, such as the
heat shock protein 90
and the ARNT, may act
as activator of either
Aromatic  hydrocarbon

Receptor or Estrogen
Receptor depending on
their

co-repressors [156-17]

association with

Source: Medscan, Title: Brcal as target for
breast cancer prevention and therapy, Authors:
Romagnolo,A.P.; Romagnolo,D.F.; Selmin,O.1.,
Journal:  Anti-Cancer Agents in Medicinal
Chemistry, PubYear: 2015, ISSN: 1871-52086,
ESSN: 1875-5992, EMBASE: 2014625685, PUI:
601044121,
breast

Reference: Brcal as target for

cancer prevention and therapy,
Romagnolo,A.P.; Romagnolo,D.F. et al., (2015),
Anti-Cancer Agents in Medicinal Chemistry,

info:embase/2014625685#cont:71

Expression
(negative) AHR
estrogen

receptor

[1] "Recently,
demonstrated that
AhR-dependent
the

degradation  of

CellLineName: MCF-7, Source: Medscan, Title:
Possible aryl hydrocarbon receptor-independent
pathway of

2,3,7,8-tetrachlorodibenzo—p-dioxin-induced
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antiproliferative response in human breast
cancer cells, Authors: Yoshioka,H.; Hiromori,Y.;
Aoki,A.; Kimura,T.; Fujii-Kuriyama,Y.; Nagase,H..
Nakanishi,T., Journal:  Toxicology Letters,
estrogen receptor via | PubYear: 2012, ISSN: 0378-4274, DOI:
proteasome  activation | 10.1016/j.toxlet.2012.04.005, Pl

induced by AhR ligands
is due, in part, to the
ubiquitin ligase activity
of the AhR complex."

S0378-4274(12)00921-6, TextMods: 61: 'ER ' -
'estrogen receptor’, Reference: Possible aryl
hydrocarbon receptor-independent pathway of
2,3,7,8-tetrachlorodibenzo—p-dioxin—-induced
antiproliferative response in human breast
cancer cells, Yoshioka,H.; Hiromori,Y. et al.,
(2012), Toxicology Letters,

info:doi/10.1016/j.toxlet.2012.04.0054#body: 14

[2] "For example,
resveratrol is a putative
cardioprotective and
chemopreventive

phytoalexin found in red

wine [200] and low
doses (100 nM)
decreases aryl

hydrocarbon
receptor-mediated
CYP1A1 mRNA
accumulation  through
estrogen receptor in
MCF7 and BEAS-2b
breast cancer cells but
CYP1A1
through

attenuates
accumulation
both estrogen receptor
and estrogen receptor in
Caco-2 colon
cells [180]."

cancer

Source: Medscan, Title: The aryl hydrocarbon
receptor nuclear translocator (ARNT) family of

proteins:  Transcriptional ~ modifiers  with
multi-functional protein interfaces, Authors:
Labrecque,M.P.; Prefontaine,G.G.;
Beischlag,T.V., Journal:  Current Molecular
Medicine, PubYear: 2013, ISSN: 1566-5240,
ESSN: 1875-5666, DOI:
10.2174/15665240113139990042, EMBASE:

2013502207, PUI: 369535157, Reference: The
aryl hydrocarbon receptor nuclear translocator
(ARNT)

modifiers

family  of Transcriptional
with
interfaces, Labrecque,M.P.; Prefontaine,G.G. et
al.,  (2013), Current Molecular Medicine,
info:doi/10.2174/15665240113139990042#cont

1485

proteins:

multi—-functional protein
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Source: Medscan, Title: The aryl hydrocarbon
. receptor and the maintenance of lung health,
(3] For example, ) _ . .
o Authors: Guerrina,N.; Traboulsi,H.;
AhR activation by | . _
_ Eidelman,D.H.; Baglole,C.J.; Guerrina,N.;
2,3,7,8-tetrachlorodibe )
o Baglole,C.J.; Eidelman,D.H.; Baglole,C.J.;
nzo—p—dioxin initiates a i
_ _ . Baglole,C.J., Journal: International Journal of
physical interaction .
Molecular Sciences, PubYear: 2018, ISSN:
between AhR and the
1661-6596, ESSN: 1422-0067, DOI:
estrogen receptor .
10.3390/ijms 19123882, EMBASE:
[62,63], whereby the

AhR functions as an
E3-ligase and mediates
estrogen receptor
degradation [64,65]."

20180880478, PUI: 625379258, Reference: The
aryl hydrocarbon receptor and the maintenance
of lung health, Guerrina,N.; Traboulsi,H. et al.,
(2018),
S c i e n c e S
info:doi/10.3390/ijms19123882#cont:139

International Journal of Molecular

Regulation
(positive)
DMSO -—+)
estrogen
receptor

(1]

could

"Thus, DMSO
produce a
time-dependent
movement of estrogens
or their mimics into the
hepatocytes, and
subsequently  produce
time-dependent
increases in estrogen
receptor activation with
enhanced vitellogenesis

and zonagenesis."

CellType: hepatocyte, Source: Medscan, Title:
Effects of 17a-ethynylestradiol on hormonal
responses and xenobiotic biotransformation

system of Atlantic salmon (Salmo salar),

Authors: Mortensen,A.S.; Arukwe,A., Journal:
Aguatic Toxicology, PubYear: 2007, ISSN:
0166-445X, DOI:
10.1016/j.aquatox.2007.08.004, PII:

S0166-445X(07)00325-6, TextMods: 155: 'ER'
-) 'estrogen receptor’, Reference: Effects of 17a
—ethynylestradiol on hormonal responses and
xenobiotic biotransformation system of Atlantic
salmon  (Salmo  salar),  Mortensen,A.S.;
Arukwe,A.,  (2007), Aquatic  Toxicology,
info:doi/10.1016/j.aquatox.2007.08.004#body:1

78

(2]

"dimethylsulfoxide could
increase the movement
of estrogens into the

CellType: hepatocyte, Source: Medscan, Title:

The role of hsp90 in 17 a
—-ethynylestradiol-induced endocrine disruption
in  rainbow trout hepatocytes, Authors:
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Osborne,N.; Sherry,J.; Rendell,J.L.; Currie,S.,
Journal:  Ecotoxicology and  Environmental
Safety, PubYear: 2007, ISSN: 0147-6513, DOI:
hepatocytes, allowing | 10.1016/j.ecoenv.2006.12.002, PII:

for a greater increase in
estrogen receptor
activation as evidenced
by enhanced

vitellogenesis."

S0147-6513(06)00256-9, TextMods: 0: 'DMSQO'
-) ‘dimethylsulfoxide' 116: 'ER' -) 'estrogen
receptor’, Reference: The role of hsp90 in 17 a
—ethynylestradiol-induced endocrine disruption

in rainbow trout hepatocytes, Osborne,N.;
Sherry,J. et al., (2007), Ecotoxicology and
Environmental Safety,

info:doi/10.1016/j.ecoenv.2006.12.002#body:97

MolSynthesis
(unknown)
DMSO -
catechol

(1] "It is known
that long-term storage
in DMSO

exacerbate oxidation of

can

the catechol, so we next
tested “aged” DMSO
stocks of IT2-21a and
IT2-21c  that
incubated overnight at

were

room temperature.”

Source: Medscan, Title: High—throughput screen
for inhibitors of protein—protein interactions in a
reconstituted heat shock protein 70 (Hsp70)

complex, Authors: Taylor,I.R.; Dunyak,B.M.;
Shao,H.; Ran,X.; Assimon,V.A.;
Kalyanaraman,C.; Rauch,J.N.; Jacobson,M.P.;

Gestwicki,J.E.; Komiyama,T.; Zuiderweg,E.R.P.,

Journal:  Journal of Biological Chemistry,
PubYear: 2018, ISSN: 0021-9258, ESSN:
1083-351X, DOI: 10.1074/jbc.RA117.001575,
EMBASE: 20180199539, PUI: 621254696,

Reference: High—-throughput screen for inhibitors
of protein—protein interactions in a reconstituted
heat shock protein 70 (Hsp70) complex,
Taylor,|.R.; Dunyak,B.M. et al., (2018), Journal of
Biological Chemistry,
info:doi/10.1074/jbc.RA117.001575#cont: 149

DirectRegulatio
n (positive)
catechol ——+)
estrogen
receptor

Mechanism:

[1] "For the Trojan
horse mechanism to
hold for 4-OHEN, the
first requirement is that
the
o—quinone must be a

catechol or

Tissue: mammary gland tissue, Organism: Homo
Title:
Receptor {alpha} Enhances the Rate of Oxidative

sapiens, Source: Medscan, Estrogen
DNA Damage by Targeting an Equine Estrogen
Catechol Metabolite to the Nucleus., Authors:

Wang,Z.; Peng,K.W.;

Wijewickrama,G.T.;
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Citation

Source

dir
interaction

e ¢ t

ligand for the estrogen

receptor and  must
trigger translocation to
the nucleus and binding
to an estrogen
DNA

element.

receptor-related
response
4-0OHEN has previously
been reported to have

low affinity for
recombinant  estrogen
receptor; however,
4-methoxy  equilenin,

which had even lower
estrogen receptor
affinity in the radioligand

displacement assay, has

Dietz,B.M.;  Yuan,L.; van  Breemen,R.B.;
Bolton,J.L.; Thatcher,G.R., MedlineTA: J Biol
Chem, PubYear: 2009, ISSN: 0021-9258, PMID:
19158089, Reference: Estrogen Receptor {alpha}

Enhances the Rate of Oxidative DNA Damage by
Targeting an  Equine Estrogen Catechol
Metabolite to  the  Nucleus., Wang,Z.;

Wijewickrama,G.T. et al., (2009), J Biol Chem,
info:pmid/191580894#body:280

-

breast cancer

silica

reduce the growth of
breast cancer cells [91,
96]."

been reported to
satisfy..."
CellLineName: NCI/ADR-RES, Source:
Medscan, Title: Nanobiotechnological
. ) approaches to overcome drug resistance in
[1] For wild type N .
_ breast cancer, Authors: Ranji,P.; Heydari,Z.;
) pb3 gene  delivery, .
Regulation ) Alizadeh,A.M., Journal: Current Cancer Drug
PLGA and organically
(unknown) » N Targets, PubYear: 2015, ISSN: 1568-0096,
modified  silica  can

ESSN: 1873-5576, EMBASE: 2015399034, PUI:
606126412,
approaches to overcome drug resistance in
breast cancer, Ranji,P.; Heydari,Z. et al., (2015),
Current Cancer Drug

info:embase/2015399034#cont:501

Reference: Nanobiotechnological

Targets,

[2] "Treatment of
nano-Si02  repressed
the growth of breast
cancer cell lines."

CellLineName: HS 578T, Source: Medscan, Title:
Cytotoxic Effect of Nano-SiO2 in Human Breast
Cancer Cells via Modulation of EGFR Signaling
Cascades., Authors: Jeon,D.; Kim,H.; Nam,K.;
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Citation

Source

Oh,S.; Son,S.H.; Shin,l., MedlineTA: Anticancer
Res, PubYear: 2017, ESSN: 1791-7530, DOI:
10.21873/anticanres. 12068, PMID: 29061800,
Reference: Cytotoxic Effect of Nano-SiO2 in
Human Breast Cancer Cells via Modulation of
EGFR Signaling Cascades., Jeon,D.; Kim,H. et
al., (2017), Anticancer
info:pmid/29061800#abs:5

Res,

(3] " T h e
doxorubicin/siRNA
co-loaded Mesoporous
silica nanocapsules
showed a synergistic
therapeutic effect on
drug-resistant  breast
cancer cells
MCF-7/ADR, while had
only an additive effect
on the drug-sensitive

MCF-7 counterpart.”

CellLineName: NCI/ADR-RES, Source:
Medscan, Title: Regulation of Ca2+ Signaling for
Drug—-Resistant Breast Cancer Therapy with
Mesoporous Silica Nanocapsule Encapsulated

Doxorubicin/siRNA Cocktail., Authors: Wang,S.;

Liu,X.; Chen,S.; Liu,Z.; ZhangX.: Liang,X.J.;
Li,L., MedlineTA: ACS Nano, PubYear: 2019,
ESSN: 1936-086X, DOI:

10.1021/acsnano.8b0563910.1021/acsnano.8b0
5639, PMID: 30566319, TextMods: 4: 'DOX' -)
‘doxorubicin’ 32: 'MSNCs' —) 'Mesoporous silica
nanocapsules', Reference: Regulation of Ca2+
Signaling for Drug-Resistant Breast Cancer
Therapy with Mesoporous Silica Nanocapsule
Doxorubicin/siRNA  Cocktail.,

(2019), ACS Nano,

Encapsulated
Wang,S.; LiuX. et al,
info:pmid/30566319%#abs:4
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(igand)

Protein
(Transcription factor)

Small Molecule

neurodegeneration

|'I-Ill

Regulation Citation Source
type
Regulation |[1] "CYP2E1 is | Organ: nigrostriatal system, Organism: Rattus
(unknown) | also thought to have a | norvegicus, Source: Medscan, Title: Regional
CYP2E1 -—=) | role in | and cellular distribution of CYP2E1 in monkey
neurodegenerati | neurodegeneration and | brain and its induction by chronic nicotine,
on has been postulated to | Authors: Joshi,M.;Tyndale,R.F., Journal:
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Citation

have a causal association
with Parkinson's disease

).

Source
Neuropharmacology, PubYear: 2006, [ISSN:
0028-3908, DOI:
10.1016/j.neuropharm.2005.11.001, PIl:
S0028-3908(05)00386-2, PMID: 16368115,

Reference: Regional and cellular distribution of
CYP2E1 in monkey brain and its induction by
chronic nicotine, Joshi,M.; Tyndale,R.F., (2006),
Neuropharmacology,
info:pmid/16368115#body:130

(2]
"I-methyl-4-phenyl
tetrahydropyridinium
administration results in
striatal ~ reduction  of
d opamine
(dopaminergic) to 45.0%,
3,4-dihydroxyphenylacet
ic acid to 46.6% and
homovanillic
59.7%;
combined treatment of
sulfide +

T-methyl-4-phenyl

acid to

however,

diallyl

tetrahydropyridinium
was found to enhance
the reduction in
dopaminergic,
3,4-dihydroxyphenylacet
ic acid and homovanillic
acid, which shows that

CYP2E1 inhibitors
augment selective
dopaminergic  neuronal

degeneration (). "

Organ: corpus striatum, Source: Medscan, Title:
Status of antioxidant defense system and
expression of toxicant responsive genes in

striatum of maneb- and paraquat-induced

Parkinson's disease phenotype in mouse:
Mechanism of neurodegeneration, Authors:
Patel,S.;  Singh,V.; Kumar,A.; Gupta,Y.K.;
Singh,M.P., Journal: Brain Research, PubYear:
2006, ISSN: 0006-8993, DOI:
10.1016/j.brainres.2006.01.060, PIl:
S0006-8993(06)00175-2, PMID: 16510128,

TextMods: 0: 'MPTP' -) '1-methyl-4-phenyl
tetrahydropyridinium' 97: 'DA" =) 'dopaminergic'
262: 'MPTP' -
tetrahydropyridinium' 339: 'DA" -) 'dopaminergic’
152: '(DOPAC) -) 345: 'DOPAC' -)
'3,4~dihydroxyphenylacetic acid' 183: '(HVA)' -)
" 374: 'HVA' =) 'homovanillic acid' 240: '(DAS)'
-> ", Reference: Status of antioxidant defense

"1-methyl-4-phenyl

system and expression of toxicant responsive

genes in  striatum of maneb- and

paraquat—induced Parkinson's disease
mouse:  Mechanism  of
neurodegeneration, Patel,S.; Singh,V. et al,
(2006), Brain

info:pmid/16510128#body:19

phenotype in

Research,

[3] "As Parkinson's

Source: Medscan, Title: APOE and CYP2E1
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polymorphisms, alcohol consumption, and
Parkinson's disease in a Japanese population.,
Authors: Kiyohara,C.; Miyake,Y.; Koyanagi,M.;
Fujimoto,T.; Shirasawa,S.; Tanaka,K.;
disease is a | Fukushima,W.; Sasaki,S.; Tsuboi,Y.; Yamada,T.;
neurodegenerative | Oeda,T.. Miki,T., Kawamura,N.; Sakae,N.;

disorder, both the APOE
and CYP2E1 genes that
are in
by
oxidative stress may be
with
Parkinson's disease risk."

involved
neurodegeneration

associated

Fukuyama,H.; Hirota,Y.; Nagai,M., MedlineTA: J
Neural Transm (Vienna), PubYear: 2011, ESSN:
1435-1463, DOI:
10.1007/s00702-011-0612-y10.1007/s00702
-011-0612-y, PMID: 21360299, TextMods: 23:
'(PD) -» " 169: 'PD' -) 'Parkinson\'s disease’,
Reference: APOE and CYP2E1 polymorphisms,
alcohol consumption, and Parkinson's disease in
a Japanese population., Kiyohara,C.; Miyake,Y.

Regulation
(positive)
CYP2E1 -+
oxidative stress

et al., (2011), J Neural Transm (Vienna),
info:pmid/213602994#abs:3
[1] "Ahmad [, | CellType:  neutrophil,  Organism:  Rattus
Shukla S, Singh D, | norvegicus, Source: Medscan, Title: The
Chauhan AK, Kumar V, | Bidirectional Effect of Defective ALDH2
Singh BK, Patel DK, | Polymorphism and Disease Prevention, Authors:

Pandey HP, Singh C
(2014) cytochrome
P4502E1-mediated
oxidative stress
regulates heme
oxygenase 1 and GST
expression in
maneb-and
paraguat—treated rat
polymorphonuclear

leukocytes."

Matsumoto,A., Journal: Advances in

Experimental Medicine and Biology, PubYear:

2019, ISSN: 0065-2598, ESSN: 2214-8019,
DOt 10.1007/978-981-13-6260-6_4,
EMBASE: 20190577827, PUI: 628893711,

Reference: The Bidirectional Effect of Defective
ALDH2 Polymorphism and Disease Prevention,
(2019),
Experimental Medicine and Biology,
info:doi/10.1007/978-981-13-6260-6_4#cont:
164

Matsumoto,A., Advances in

[2] "Correction to:
CYP2E1-mediated
oxidative stress
regulates HO-1 and GST

Rattus
norvegicus, Source: Medscan, Title: Correction

CellType:  neutrophil,  Organism:
to: CYP2E1-mediated oxidative stress regulates

HO-1 and GST expression in maneb- and

144




4

Ju
_

Regulation
type

Citation

Source

expression in
b -and
paraguat-treated rat

m a n e

polymorphonuclear
leukocytes”

paraquat—treated rat polymorphonuclear
leukocytes (Molecular and Cellular Biochemistry,
(2014), 393, 1-2, (209-222),
10.1007/s11010-014-2062-y), Authors:
Ahmad,l.; Shukla,S.; Singh,D.; Chauhan,A.K.;
Kumar,V.; Singh,B.K.; Patel,D.K.; Singh,C.;
Singh,D.; Chauhan,A.K.; Kumar,V.; Singh,C.;
Pandey,H.P., Journal: Molecular and Cellular
Biochemistry, PubYear: 2019, ISSN:
0300-8177, ESSN: 1573-4919, DOI:
10.1007/s11010-019-03587-8, EMBASE:
20190515131, PUI: 2002305676, Reference:
Correction to: CYP2E1-mediated oxidative
stress regulates HO-1 and GST expression in
maneb-— and paraquat—treated rat
polymorphonuclear leukocytes (Molecular and
Cellular  Biochemistry, (2014), 393, 1-2,
(209-222), 10.1007/s11010-014-2062-y),
Ahmad,l.; Shukla,S. et al., (2019), Molecular and
Cellular Biochemistry,

info:doi/10.1007/s11010-019-03587-8#cont:3

[3] "Many studies
showed that cytochrome
P450 2E1
expression results in an

over

increased liver oxidative
stress [38]."

Organ: liver, Source: Medscan, Title: Protective
Effects of Salidroside on Lead Acetate—induced
Oxidative ~ Stress  and
Sprague-Dawley Rats, Authors: Chen,C.; Lin,B.;
Zheng,H.; Qi,S.; He,J.; Qi,S., Journal: Biological
Trace Element Research, PubYear: 2019, ISSN:
0163-4984, ESSN: 1559-0720, DOI:
10.1007/s12011-019-1635-8, EMBASE:
20190060583, PUI: 626112424, Reference:
Protective Effects of Salidroside on Lead
Oxidative ~ Stress  and
Hepatotoxicity —in  Sprague—-Dawley  Rats,
Chen,C.; Lin,B. et al., (2019), Biological Trace
Element Research,
info:doi/10.1007/s12011-019-1635-8#cont:200

Hepatotoxicity  in

Acetate-induced
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CellType: astrocyte, Organism: Homo sapiens,
Source: Medscan, Title: Astrocyte alterations in
. neurodegenerative  pathologies and  their
[1] Astrocytes o . )
) ) modeling in human induced pluripotent stem
differentiated from
_ cell platforms, Authors: Oksanen,M.;
human ESCs and iPSC .
Lehtonen,S.; Jaronen,M.; Goldsteins,G.;
have been wused to o .
_ Hamalainen,R.H.; Koistinaho,J.; Lehtonen,S.;
FunctionalAssoc | screen compound o
_ o o Koistinaho,J., Journal: Cellular and Molecular
iation (unknown) | libraries  aiming  at| . _
q i | identificati ; Life  Sciences, PubYear: 2019, ISSN:
neurodegenerati | identification o
ecul that I 1420-682X, ESSN: 1420-9071, DOI:
on —-——— | molecules at cou
o . 10.1007/s00018-019-03111-7, EMBASE:
oxidative stress | counteract oxidative
20190284746, PUI: 627388826, Reference:
stress, a common _ ) )
) .| Astrocyte alterations in  neurodegenerative
denominator in ) _ . :
. pathologies and their modeling in human
neurodegeneration | )
induced pluripotent stem cell platforms,

[220]."

Oksanen,M.; Lehtonen,S. et al., (2019), Cellular
and Molecular Life Sciences,
info:doi/10.1007/s00018-019-03111-7#cont:444

[2] "level—It is
hypothesized that
oxidative stress, which is
provoked by iron
metabolism, is one of
the  most important
cause of

neurodegeneration
(Mandel et al. 2003)."

CellType: astrocyte, Source: Medscan, Title:
Neuroprotection in Parkinson’'s disease: facts

and hopes, Authors: Salamon,A.; Zadori,D.;
Szpisjak,L.; Klivényi,P.; Vécsei,L.; Vécsei,lL.,
Journal:  Journal of Neural Transmission,
PubYear: 2020, ISSN: 0300-9564, ESSN:
1435-1463, DOI:
10.1007/s00702-019-02115-8, EMBASE:

20190898269, PUI: 2003830029, Reference:
Neuroprotection in Parkinson’'s disease: facts
and hopes, Salamon,A.; Zadori,D. et al., (2020),
Journal of Neural Transmission,
info:doi/10.1007/s00702-019-02115-8#cont:42

(3]

oxidative damage is the

"Therefore,

preliminary preparer of

demyelination and

Tissue: vascular endothelium, Organ: central
nervous system, CellType: monocyte, Source:
Title:
thiol-disulphide homeostasis and visual evoked

Medscan, Relationship between
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neurodegeneration  [6,
10, 12, 13, 17]."

potentials in patients with multiple sclerosis,
Authors: Vural,G.; Gimisyayla,S.; Deniz,O.;
Neselioglu,S.; Erel, 0., Journal: Neurological
Sciences, PubYear: 2019, ISSN: 1590-1874,
ESSN: 1590-3478, DOI:
10.1007/s10072-018-3660-3, EMBASE:
20180851571, PUI: 625313682, Reference:
Relationship between thiol-disulphide
homeostasis and visual evoked potentials in
Vural,G.;
Neurological

sclerosis,
(2019),
S c i e n c e S ,
info:doi/10.1007/s10072-018-3660-3#cont:102

patients with multiple

Gimisyayla,S. et al.,

DirectRegulation
(positive)
ethanol -—+)
CYP2E1

Mechanism:
d ir
interaction

e c t

(1]

"diethyldithiocarbamate,
ethanol and
acetaldehyde have
recently been reported
to be specific inhibitors
of CYP 2E1 when acutely
administered (Stott et

al., ...

CellType:  dopaminergic  neuron,  Source:
Medscan, Title: CYP 2E1
resistant to DDC-induced enhancement of
MPTP toxicity, Authors: Viaggi,C.; Vaglini,F.;
Pardini,C.; Sgado,P.; Caramelli,A.; Corsini,G.U.,
Journal  of Neural
PubYear:

mutant mice are

Transmission,
2007, ISSN:
0303-6995, DOI:
10.1007/978-3-211-73574-9-20, EMBASE:
2010546535, PUI: 3569692728, Reference: CYP
2E1 mutant mice are resistant to DDC-induced
of MPTP toxicity, Viaggi,C.;
(2007), Journal
Transmission, Supplementa,
info:doi/10.1007/978-3-211-73574~-9-204con
1:26

Journal:
Supplementa,

enhancement

Vaglini,F. et al., of Neural

[2] "HIV-infected
patients who may be
t a k i n g
acetaminophen—containi
ng compounds
(over-the-counter or

prescription) may

Organism: Homo sapiens, Source: Medscan,
Title: Antiretrovirals, Part Ill: Antiretrovirals and
Abuse, Authors:  Wynn,G.H.;
Zapor,M.J.; Wortmann,G.W.;
Armstrong,S.C.,  Journal:  Psychosomatics,
PubYear: 2005, ISSN: 0033-3182, DOI:
10.1176/appi.psy.46.1.79, PIl:

Drugs of
Cozza,K.L.;
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produce an excessive
toxic metabolite level if
they are also ingesting
potent CYP 2E1 inducers

such as ethanol."

S0033-3182(05)70127-4,
Antiretrovirals, Part lll: Antiretrovirals and Drugs
of Abuse, Wynn,G.H.; Cozza,K.L. et al., (2005),
P s ychosomatiocs
info:doi/10.1176/appi.psy.46.1.794#body:31

Reference:

[3] "Besides a
CYP2E1 inducer, ethanol
CYP2E1
metabolised

is also a
substrate,
to hydroxyethyl radical.”

Organ: liver, Source: Medscan, Title: Xenobiotic
metabolising enzymes: Impact on pathologic
conditions, drug interactions and drug design,
Authors: Rekka,E.A.;
Pantelidou,M., Topics in
Medicinal Chemistry, PubYear: 2019, ISSN:
1568-0266, ESSN: 1873-4294, DOI:
10.2174/1568026619666190129122727,
EMBASE: 20190445028, PUI: 2002108450,
Reference: Xenobiotic metabolising enzymes:

Kourounakis,P.N.;

Journal:  Current

drug
interactions and drug design, Rekka,E.A.;
Kourounakis,P.N. et al., (2019), Current Topics

Impact on  pathologic  conditions,

in Medicinal Chemistry,
info:doi/10.2174/156802661966619012912272
7#cont:243

Expression

(positive)
ethanol -—+)
CYP2E1

"Ethanol
CCl
4-induced liver injury by

(1]

potentiates

increasing the synthesis
and  stabilization  of
CYP2E1.

prevents

a—hederin
CCl4-induced
by
the
expression and activity
of the CYP2E1 enzyme."

hepatoxicity
decreasing

CellType: hepatocyte, Source: Medscan, Title:
Increased Carbon Tetrachloride—-Induced Liver
Injury and Fibrosis in FGFR4-Deficient Mice,
Authors:  Yu,C.; Wang,F.; Jin,C.; Wu,X,;
Chan,W.;  McKeehan,W.L., Journal:  The
American Journal of Pathology, PubYear: 2002,
ISSN: 0002-9440, DOl:
10.1016/S0002-9440(10)64478-1, PII:
S0002-9440(10)64478-1, Reference: Increased
Carbon Tetrachloride—Induced Liver Injury and
Fibrosis in FGFR4-Deficient Mice, Yu,C.;
Wang,F. et al., (2002), The American Journal of
P a t h 0 | 0 g y
info:doi/10.1016/S0002-9440(10)64478-1#bod
y:102
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Organ: liver, Source: Medscan, Title: Human

cytochromes  P450, Authors: Hasler,J.A.;
[2] "It is clear that | Estabrook,R.; Murray,M.; Pikuleva,l.;
alcohol induces | Waterman,M.; Capdevila,J.; Holla,V.; Helvig,C.;
expression of CYP2E1, | Falck,J.R.; Farrell,G.; Kaminsky,L.S.;
particularly by | Spivack,S.D.; Boitier,E.; Beaune,P., Journal:
post-translational | Molecular Aspects of Medicine, PubYear: 1999,
mechanisms while | ISSN: 0098-2997, DOI:
diabetes increases | 10.1016/S0098-2997(99)00005-9, Pl

expression of CYP2E1 at
both mRNA and protein
levels."

S0098-2997(99)00005-9, Reference:
cytochromes P450, Hasler,J.A.; Estabrook,R. et
al., (1999), Molecular Aspects of Medicine,
info:doi/10.1016/S0098-2997(99)00005-94#bod
y:819

Human

(3]
"Chlorzoxazone, a
proposed compound to
treat  alcoholism, s
metabolized by
cytochrome P450 2E1 (
), and chronic ethanol
is known to
CYP2E1
synthesis and decrease
CYP2E1 degradation in
the liver (; ; )."

exposure
increase

Title: KCa2
channels: Novel therapeutic targets for treating

Organ: liver, Source: Medscan,
alcohol withdrawal and escalation of alcohol
consumption, Authors: Mulholland,P.dJ., Journal:
Alcohol, PubYear: 2012, ISSN: 0741-8329, DOI:
10.1016/j.alcohol.2011.11.002, Pl
S0741-8329(11)00525-8, KCa2

channels: Novel therapeutic targets for treating

Reference:

alcohol withdrawal and escalation of alcohol
consumption, Mulholland,P.J., (2012), Alcohol,
info:doi/10.1016/j.alcohol.2011.11.002#body: 111

ChemicalReacti
on CYP2E1 -)-)
ethanol

[1] "Alcohol is first
oxidized by  alcohol
dehydrogenase,
d e hy de
dehydrogenase, and
cytochrome P450 2E1 (

CYP2E1)."

a |

Title:  Association  of

nicotinic

Source:  Medscan,

polymorphisms  in acetylcholine

receptor a 4 subunit gene (CHRNA4), u-opioid

receptor gene (OPRM1), and
ethanol-metabolizing enzyme genes with
alcoholism in  Korean patients, Authors:
Kim,S.A.;  Kim,JW.; Song,J.Y.; Park,S;
Lee,H.J.;  Chung,J.H., Journal:  Alcohol,
PubYear: 2004, ISSN: 0741-8329, DOI:
10.1016/j.alcohol.2004.06.004, Pl
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S0741-8329(04)00106-5,  TextMods: 51:
'(ADH)' -y " 76: '(ALDH)' -) ", Reference:
Association of polymorphisms in nicotinic
acetylcholine  receptor a4 subunit gene
(CHRNA4), u-opioid receptor gene (OPRM1),
and ethanol-metabolizing enzyme genes with
alcoholism in  Korean patients, Kim,S.A.;
Kim,J.W. et al., (2004), Alcohol,
info:doi/10.1016/j.alcohol.2004.06.004#body:17
Organ: thymus gland, Source: Medscan, Title:
The protection of Thymus wvulgaris leaves
0] "The  alcohol aIcohoIic.extract against hepatotoxicity of
. alcohol in rats, Authors: El-Newary,S.A.;
was metabolized by ) . .
Shaffie,N.M.; Omer,E.A., Journal: Asian Pacific
CYP2E1 and produced

Journal of Tropical Medicine, PubYear: 2017,

ISSN: 1995-7645, DOI:
10.1016/j.apjtm.2017.03.023, PII:
S1995-7645(17)30349-8,  PMID: 1230,

inactivate several ) .
} ] i Reference: The protection of Thymus vulgaris
proteins including . i .
o leaves alcoholic extract against hepatotoxicity of
antioxidant enzyme . i
. alcohol in rats, EI-Newary,S.A.; Shaffie,N.M. et
system. ) - )
al., (2017), Asian Pacific Journal of Tropical
M e d [ c i n e ,
info:doi/10.1016/j.apjtm.2017.03.023#body: 182
Organ: liver, Source: Medscan, Title: Schisandra
sphenanthera extract (Wuzhi Tablet) protects
against chronic—binge and acute
. . alcohol-induced liver injury by regulating the
[3] Specifically, ) i
) NRF2-ARE pathway in mice, Authors: Zeng,X.;
CYP2E1 metabolizes ) i i
Li,X.; Xu,C.; Jiang,F.; Mo,Y.; FanX.. LiY.;
ethanol and generates

reactive oxygen species
in this process."

Jiang,Y.: Li,D.; Huang,M.; Bi,H., Journal: Acta
Pharmaceutica Sinica B, PubYear: 2017, ISSN:
2211-3835, DOI: 10.1016/j.apsb.2017.04.002,
Pll:  S2211-3835(17)30010-2, PMID: 1184,
TextMods: 55: 'ROS' -) 'reactive oxygen
species’, Reference: Schisandra sphenanthera
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(Wuzhi  Tablet)
chronic-binge and acute alcohol-induced liver

extract protects  against
injury by regulating the NRF2-ARE pathway in
Zeng,X.; LiX. et al., (2017), Acta
Pharmaceutica Sinica B,

info:doi/10.1016/j.apsb.2017.04.002#body:101

mice,

Expression
(positive)

[1] "These results
also show that acetone
induces the expression
of CYP2E1 at both the

Tissue: lung parenchyma, Organ: nose,
Organism: Rattus norvegicus, Source: Medscan,
Title: Effect of methacrylonitrile on cytochrome
P-450 2E1 (CYP2E1) expression in male F344
Authors: Wang,H.; Chanas,B.;
Ghanayem,B.I., MedlineTA: J Toxicol Environ
Health A, PubYear: 2002, ISSN: 1528-7394,

rats.,

acetone  ——+) i
CYP2E mRNA and protein levels | DOI:  10.1080/15287390252807984, PMID:
in rat nasal and lung | 11939710, Reference: Effect of
tissues." methacrylonitrile on cytochrome P-450 2E1
(CYP2E1) expression in male F344 rats.,
Wang,H.; Chanas,B. et al., (2002), J Toxicol
Environ Health A, info:pmid/11939710#abs:14
CellType: hepatocyte, Organism: Oryctolagus
cuniculus, Source: Medscan, Title: Cytochrome
P4501IET (CYP2E1T) is induced by skatole and
this induction is blocked by androstenone in
isolated pig hepatocytes, Authors: Doran,E.;
. _ | Whittington,F.W.;  Wood,J.D.; McGivan,J.D.,
[2] Acetone is _ ) ) ) .
Journal: Chemico-Biological Interactions,
one of the common
. PubYear: 2002, |ISSN: 0009-2797, DOI:
inducers of CYP2E1
expression in rat. rabbit 10.1016/S0009-2797(02)00015-7, PII:
X i i , i
P S0009-2797(02)00015-7, PMID: 12044562,

and mice hepatocytes."

Reference: Cytochrome P4501IE1 (CYP2E1) is
induced by skatole and this induction is blocked
by androstenone in isolated pig hepatocytes,
Whittington,F.W. (2002),
Chemico-Biological Interactions,
info:pmid/12044562#body:47

Doran,E.; et al.,

(3] "Cytochrome

Organ: liver, Organism: Rattus norvegicus,
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P450 2E1 expression in
the rat liver is increased

following exposure to
alcohol, acetone,
pyridine, isoniazid and

other chemicals."

Source: Medscan, Title: Oxidative damage to
the hepatocellular proteins after chronic ethanol

intake in the rat, Authors: Abraham,P.;
Wilfred,G.; Ramakrishna,B., Journal: Clinica
Chimica  Acta, PubYear: 2002, ISSN:
0009-8981, DOI:
10.1016/S0009-8981(02)00279-6, PIl:
S0009-8981(02)00279-6, PMID: 12367775,
Reference:  Oxidative damage to the

hepatocellular proteins after chronic ethanol
intake in the rat, Abraham,P.; Wilfred,G. et al.,
(2002), Clinica Chimica Acta,
info:pmid/12367775#body:118

DirectRegulation
(positive)
acetone  ——+)
CYP2E1

Mechanism:
d ir
interaction

e c t

[1] "Acetone is a
strong inducer of
CYP2E1, which may «

~hydroxylate NNK."

Source: Medscan, Title: The profile of urinary
metabolites of
4~(methylnitrosamino)-1-(3-pyridyl)-1-butano
ne in rats is determined by its pulmonary
metabolism, Authors: Schneider,T.; Frei,E.;
Wiessler,M.,  Journal: Chemico—Biological
Interactions, PubYear: 1999, ISSN: 0009-2797,
DOl 10.1016/S0009-2797(99)00083-6, PII:
S0009-2797(99)00083-6, PMID: 10362230,
Reference: The profile of urinary metabolites of
4-(methylnitrosamino)-1-(3-pyridyl)-1-butano
ne in rats is determined by its pulmonary
metabolism, Schneider,T.; Frei,E. et al., (1999),
Chemico-Biological

info:pmid/10362230#body:13

Interactions,

"Ethanol  and
CYP2E1

such as acetone and

(2]

other ligands
4-methylpyrazole
increase levels of
CYP2E1 by

stabilizing the enzyme

largely

against degradation

Title: Sodium salicylate

levels

Medscan,

CYP2E1
arachidonic acid toxicity in HepG2 cells and
cultured rat hepatocytes., Authors: Wu,D.;
Cederbaum,A.l., MedlineTA: Mol Pharmacol,
PubYear: 2001, ISSN: 0026-895X, PMID:
11259624, Reference:
increases  CYP2E1

Source:

increases and enhances

Sodium  salicylate

levels and enhances
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(Song et al., 1986; Koop
and Tierney, 1990)."

arachidonic acid toxicity in HepG2 cells and
Wu,D.;
Pharmacol,

cultured rat hepatocytes.,
Cederbaum,A.l., (2001), Mol
info:pmid/112596244#body:233

[3] "We previously
reported that acetone,
an inducer of CYP2E1,
enhances hepatic
uroporphyrin
accumulation in mice
treated with iron dextran
(Fe)

5-aminolevulinic acid."

and

Organ: liver, Source: Medscan, Title: Relative
roles of CYP2E1 and CYP1A2 in mouse
uroporphyria caused by acetone., Authors:
Sinclair,P.R.; Walton,H.S.;
Bement,W.J.; Szakacs,J.; Gonzalez,F.J.;
Dalton,T.P.; Nebert,D.W.; Sinclair,J.F.,
MedlineTA: Arch Biochem Biophys, PubYear:
2000, ISSN: 0003-9861, DOI:
10.1006/abbi.2000.2124, PMID: 11368328,
TextMods: 167: '(ALA)' =) ", Reference: Relative
roles of CYP2E1 and CYP1A2
uroporphyria caused by acetone., Sinclair,P.R.;
Gorman,N. et al., (2000), Arch Biochem
Biophys, info:pmid/11368328#abs:2

Gorman,N.;

in  mouse

ChemicalReacti
on CYP2E1 -)-)
acetone

[1] ‘It has been
shown that
CYP2E1-mediated
metabolism of acetone is
an important energy
source for
gluconeogenesis during

prolonged fasting."

Tissue: blood, Source: Medscan, Title: Role of
CYP2E1 in ketone-stimulated insulin release in
pancreatic B-cells, Authors: Murdock,D.J.L.;
Clarke,dJ.; Flatt,P.R.; Barnett,Y.A.; Barnett,C.R.,
Journal: Biochemical Pharmacology, PubYear:
2004, ISSN: 0006-2952, DOI:
10.1016/j.bcp.2003.10.011, PII:
S0006-2952(03)00825-6, Reference: Role of
CYP2E1 in ketone-stimulated insulin release in
pancreatic B-cells, Murdock,D.J.L.; Clarke,J. et
al., (2004), Biochemical  Pharmacology,
info:doi/10.1016/j.bcp.2003.10.011#body:167

[2] "Furthermore,
in vivo acetone induces
nephrotoxicity in rodents
and is also a
well-established
CYP2E1

substrate for

Organ: kidney, Organism: Mus musculus,
Source: Medscan, Title: A 3-D organoid kidney
culture model engineered for high-throughput
nephrotoxicity assays, Authors: Astashkina,A.l.;
Mann,B.K.;  Prestwich,G.D.;  Grainger,D.W.,

Journal: Biomaterials, PubYear: 2012, ISSN:
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biotransformation."

0142-9612, DOI:
10.1016/j.biomaterials.2012.02.063, Pl
S0142-9612(12)00268-2, Reference: A 3-D
organoid kidney culture model engineered for

high—throughput nephrotoxicity assays,
Astashkina,A.l.; Mann,B.K. et al, (2012),
B i om at e r i a |l s |,
info:doi/10.1016/].biomaterials.2012.02.063#bo
dy:212

[3] "Acetone is

both an inducer and a
substrate of CYP2E1."

Organ: liver, Organism: Homo sapiens, Source:
Medscan, Title: Metabolism of Alcohol, Authors:
Lieber,C.S., Journal: Clinics in Liver Disease,
PubYear: 2005, ISSN: 1089-3261, DOI:
10.1016/j.cld.2004.10.005, Pl
S1089-3261(04)00116-3, Reference:
Metabolism of Alcohol, Lieber,C.S., (2005),
Clinics in Liver Disease,
info:doi/10.1016/j.cld.2004.10.0054#body: 106

ChemicalReacti
on CYP2E1 -)-)
styrene

[1] "In our review

genetic polymorphism of
styrene—-metabolizing

enzymes such as
CYP2ET1, microsomal
epoxide hydrolase,

glutathione-S-transferas
e M1, and GSTT1 were
found to modulate the
levels of urinary
metabolite
concentrations and

cytogenetic endpoints.”

Tissue: urine, Source: Medscan, Title: The
cytokinesis—block micronucleus (CBMN) assay
in human populations exposed to styrene: A
systematic review and meta—analysis, Authors:

Costa,S.;  Ceppi,M.;  Costa,C.;  Silva,S.;
Pereira,C.; Laffon,B.; Bonassi,S.; Teixeira,J.P.,
Journal:  Mutation  Research—-Reviews in
Mutation Research, PubYear: 2016, ISSN:

1383-5742, DOI: 10.1016/j.mrrev.2016.06.003,
Pll:  $1383-5742(16)30056-4, PMID: 971,
TextMods: 139: (GST)' -) ", Reference: The
cytokinesis—block micronucleus (CBMN) assay
in human populations exposed to styrene: A
systematic review and meta—analysis, Costa,S.;
Ceppi,M. (2016), Mutation
Research—-Reviews in  Mutation Research,
info:doi/10.1016/].mrrev.2016.06.003#body: 189

et al.,

(2] "Styrene is

Source: Medscan, Title: Specific DNA adducts
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induced by some mono-substitued epoxides in
vitro and in vivo, Authors: Koskinen,M.; PIna,K.,

Journal: Chemico-Biological Interactions,
) PubYear: 2000, ISSN: 0009-2797, DOI:
metabolized to styrene
i , 10.1016/S0009-2797(00)00206-4, PIl:
oxide mainly by
S0009-2797(00)00206-4, PMID: 11137062,
CYP2B6 followed by . . R -
TextMods: 40: '(SO)' =) ", Reference: Specific
CYP1A2, CYP2E1 and )
. DNA adducts induced by some
CYP2C8. . ) L o
mono-substitued epoxides in vitro and in vivo,
Koskinen,M.; Plna,K., (2000),
Chemico-Biological Interactions,
info:pmid/11137062#body:19
Tissue: urine, Source: Medscan, Title: Influence
of genetic polymorphisms of
3] "The subjects styrene—metabolizing enzymes and smoking

genetic  polymorphisms
in the genes that encode

habits on levels of urinary metabolites after
occupational exposure to styrene., Authors:
Ma,M.; Umemura,T.: Mori,Y.; Gong,Y.; Saijo,Y.;

t h
. © Sata,F.; Kawai,T.; Kishi,R., MedlineTA: Toxicol
styrene—-metabolizing
Lett, PubYear: 2005, ISSN: 0378-4274, DOI:
enzymes CYP2E1, i
10.1016/j.toxlet.2005.06.011, PMID: 16125881,
CYP2B6, EPHX1, . .
Reference: Influence of genetic polymorphisms
GSTM1, GSTT1  and . .
of styrene-metabolizing enzymes and smoking
GSTP1 were i i )
) . habits on levels of urinary metabolites after
determined. ]
occupational exposure to styrene., Ma,M.;
Umemura,T. et al., (2005), Toxicol Lett,
info:pmid/161258814#abs:4
[1] "In  contrast, | Source: Medscan, Title: Combined effects of
the styrene and the | exposure to styrene and ethanol on the auditory
) styrene+ethanol | function in the rat, Authors: Loquet,G.;
Regulation .
( t ) exposures induced a | Campo,P.; Lataye,R.; Cossec,B.; Bonnet,P.,
ositive
tp 0 significant increase of | Journal: Hearing Research, PubYear: 2000,
styrene -
C$P2E1 CYP2E1 activity, 0.36 | ISSN: 0378-5955, DOI:
nmol/min/mg of protein | 10.1016/S0378-5955(00)00151-9, PII:
( P=0.008) and 0.55 | S0378-5955(00)00151-9, PMID: 10978834,

nmol/min/mg of protein

Reference: Combined effects of exposure to
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styrene and ethanol on the auditory function in
( P=0.0004), | the rat, Loquet,G.; Campo,P. et al., (2000),
respectively.” Hearing Research,
info:pmid/109788344#body:116
Organ: airway, Organism: Mus musculus,

"In the current

(2]

study, we examined
styrene—induced protein
adduction in CYP2E1 and

the wild-type cell lings."

Source: Medscan, Title: Evidence for cellular
protein covalent binding derived from styrene

metabolite, Authors: Yuan,W.; Jin,H.;
Chung,J.K.; Zheng,J., Journal:
Chemico—-Biological  Interactions,  PubYear:
2010, ISSN: 0009-2797, DOI:
10.1016/j.cbi.2010.05.004, Pl
S0009-2797(10)00319-4, PMID: 20470765,

Reference: Evidence for cellular protein covalent
metabolite,

(2010),
Interactions,

binding derived from
Yuan,W.; Jin,H.
Chemico-Biological
info:pmid/20470765#body:169

styrene

et al.,

(3]

organic

"Exposure  to
compounds,
such as toluene, xylene,
styrene, and
ethylbenzene, induces

CYP 2E1 and leads to

generation of reactive
oxygen species and
epoxides ( )."

Tissue: plasma, Organism: Homo sapiens,
Source: Medscan, Title: Effects of low-level
exposure to xenobiotics present in paints on
oxidative stress in workers, Authors: Moro,A.M.;

Charao,M.; Brucker,N.; Bulcio,R.; Freitas,F.;
Guerreiro,G.; Baierle,M.; Nascimento,S.;
Waechter,F.; Hirakata,V.; Linden,R.;

Thiesen,F.V.; Garcia,S.C., Journal: Science of
the Total Environment, PubYear: 2010, ISSN:

0048-9697, DOl:
10.1016/].scitotenv.2010.06.058, PIl:
S0048-9697(10)00663-7, PMID: 20655097,
TextMods: 126: 'ROS' -) 'reactive oxygen
species’, Reference: Effects of low-level
exposure to xenobiotics present in paints on
oxidative stress in  workers, Moro,A.M.;

Chardo,M. et al., (2010), Science of the Total
Environment, info:pmid/20655097#body:154
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(positive)
toluene -—+)

CYP2E1

[1] "Benzene and
induced
CYP2E1

toluene also
significantly

mRBNA in liver."

Organ: liver, Source: Medscan, Title: CYP2E1
regulation by benzene and other small organic
and

chemicals in rat liver

Authors:

peripheral
Gonzalez-Jasso,E.;
Lopez,T.; Lucas,D.; Berthou,F.; Manno,M.;
Ortega,A.; Albores,A., Journal: Toxicology
Letters, PubYear: 2003, ISSN: 0378-4274, DOI:
10.1016/S0378-4274(02)00337-5, PIl:
S0378-4274(02)00337-5, PMID: 12919724,
Reference: CYP2E1 regulation by benzene and

lymphocytes,

other small organic chemicals in rat liver and

peripheral lymphocytes, Gonzalez-Jasso,E.;
Lopez,T. et al., (2003), Toxicology Letters,

info:pmid/12919724#body:125

[2] "Toluene
induces expression of
cytochrome P450 2E1
(CYP2E1), an
involved in its

enzyme
own

Source: Medscan, Title: Occupational toluene
exposure induces cytochrome P450 2E1 mRNA
expression in peripheral lymphocytes., Authors:
Mendoza-Canta,A.;
Bermudez de

Castorena-Torres,F.;
Leon,M.;
Rojas—Garcia,A.E.;
Aguilar-Salinas,A.;  Manno,M.;  Albores,A.,
MedlineTA: Environ Health Perspect, PubYear:

Cisneros,B.;
Lopez—Carrillo,L.;

) 2008, ISSN: 0091-6765, DOI:
metabolism and that of
, 10.1289/ehp.8192, PMID: 16581535,
other protoxicants, i
) ) Reference: Occupational toluene exposure
including some | .
, . induces cytochrome  P450 2E1  mRNA
procarcinogens. . i ,
expression in  peripheral  lymphocytes.,
Mendoza-Cantu,A.; Castorena-Torres,F. et al.,
(2006), Environ Health Perspect,
info:pmid/16581535#abs:2
[3] "Environ Mol | CellType: peripheral lymphocyte, Source:

Mutagen2004; 44: 283-
292 .5Mendoza-CanttAC
astorena—-TorresFBermu
dez de
LeénMOccupational

Medscan, Title: AKRs expression in peripheral
blood lymphocytes from smokers: The role of
body mass index, Authors: Barrén-Vivanco,B.S.;
Rothenberg,S.J.; Poblete—Naredo,l.; Albores,A.;
Medina—Diaz,|.M.;

Barron—-Vivanco,B.S.;
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Robledo-Marenco,L.; Rojas—Garcia,A.E.;
Rothenberg,S.J.; Herndndez-Cadena,L.;
Elizondo,G., Journal: Human and Experimental
Toxicology, PubYear: 2013, ISSN: 0960-3271,
toluene exposure | ESSN: 1477-0903, DOI:
induces cytochrome | 10.1177/0960327112455071, EMBASE:
P450 2E1 messenger | 2013265859, PUI: 368797817, PMID:
RNA  expression in | 22872607, Reference: AKRs expression in

peripheral lymphocytes."

peripheral blood lymphocytes from smokers:
The role of body mass index, Barrd
n-Vivanco,B.S.; Rothenberg,S.J. et al., (2013),
Human and Experimental
info:pmid/22872607#cont:123

Toxicology,

ChemicalReacti
on CYP2E1 -)-)
toluene

[1] "We observed
a strong increase of
P450 and P418 levels at
28.2  mg/l.
several P450 enzymes
(such as CYP2ET1,
CYP2B1/2, CYP2C11,
CYP2A1) involved in the

metabolism of toluene in

reported

rat liver."

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Potential biomarkers of
trichloroethylene and toluene exposure in
fluminea,  Authors:  Vidal,M.L.;

Narbonne,J.F., Journal:
Environmental Toxicology and Pharmacology,
PubYear: 2001, ISSN: 1382-6689, DOI:
10.1016/51382-6689(00)00068-5, PIl:
$1382-6689(00)00068-5, TextMods: 172: TOL'

-) 'toluene', Reference: Potential biomarkers of

Corbicula
Basseres,A.;

trichloroethylene and toluene exposure in
Corbicula fluminea, Vidal,M.L.; Basséres,A. et
al., (2001), Toxicology and
P h ar m ac¢c ol o g vy

info:doi/10.1016/S1382-6689(00)00068-5#bod

y:160

Environmental

[2] "In fact
CYP2E1 activity may be
decreased

due to

competitive inhibition by

other  solvents, say,
benzene or toluene,
which are also

Source: Medscan, Title: Ethics in biomonitoring
for occupational health, Authors: Manno,M.;
Sito,F.; Licciardi,L., Journal: Toxicology Letters,
PubYear: 2014, |ISSN: 0378-4274, DOI:
10.1016/j.toxlet.2014.10.004, PIl:
S0378-4274(14)01376-9, Reference: Ethics in
for health,

biomonitoring occupational
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metabolized by CYP2E1,
in which case the test
would

just be mainly

indicative of exposure.”

Manno,M.; Sito,F. et al., (2014), Toxicology
L e t t e r s ,
info:doi/10.1016/j.toxlet.2014.10.0044#body:212

(3] "CYP2E"
contributes to
chlorzoxazone
6-hydroxylation,
p-nitroanisole
O-demethylation,  and
toluene hydroxylation by
45.8%, 27.7%
44.2% respectively, and
CYP2C8/9/19 contribute

to diazepam

and

N-demethylation by
30.6%."

Organ: liver, Organism: Homo sapiens, Source:
Medscan, Title: Use of inhibitory monoclonal
antibodies to assess the contribution of
cytochromes P450 to human drug metabolism.,
Authors: Shou,M.; Lu,T.; Krausz,K.W.; Sai,Y.;
Yang,T.; Korzekwa,K.R.; Gonzalez,F.J.;
Gelboin,H.V., MedlineTA: Eur J Pharmacol,
PubYear: 2000, ISSN: 0014-2999, DOI:
10.1016/s0014-2999(00)00079-0, PMID:
10771285, inhibitory
monoclonal the
contribution of cytochromes P450 to human
drug metabolism., Shou,M.; Lu,T. et al., (2000),

Eur J Pharmacol, info:pmid/10771285#abs:4

Reference: Use of

antibodies to  assess

Regulation
(unknown)
)

xylene
CYP2E1

[1] "Both  xylene
and toluene  caused
significant  cytotoxicity

(Table 1) by reduced cell
viability ( P ¢ 0.01),
DNA
fragmentation ( P <
0.001), increased
CYP2E1 activity ( P ¢
0.01) and MDA release (

increased

Source: Medscan, Title: Invited speaker's papers
and abstracts, Journal: Toxicology, PubYear:

2004, ISSN: 0300-483X, DOI:
10.1016/j.tox.2004.06.030, PlI:
S0300-483X(04)00356-7, Reference: Invited

speaker's papers and abstracts, No authors,
(2004), Toxicology,
info:doi/10.1016/j.tox.2004.06.030#body: 1469

P < 0.001)."

[2] "Exposure  to | Tissue: plasma, Organism: Homo sapiens,
organic compounds, | Source: Medscan, Title: Effects of low-level
such as toluene, xylene, | exposure to xenobiotics present in paints on
styrene, and | oxidative stress in workers, Authors: Moro,A.M.;
ethylbenzene, induces | Chardo,M.. Brucker,N.; Bulcdo,R.; Freitas,F.;
CYP 2E1 and leads to | Guerreiro,G.; Baierle,M.; Nascimento,S.;
generation of reactive | Waechter,F.; Hirakata,V.; Linden,R.;
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Thiesen,F.V.; Garcia,S.C., Journal: Science of
the Total Environment, PubYear: 2010, ISSN:
0048-9697, DOI:
10.1016/].scitotenv.2010.06.058, PII:
, S0048-9697(10)00663-7, PMID: 20655097,
oxygen species and . , . )
. . TextMods: 126: 'ROS' -) 'reactive oxygen
epoxides (). o
species’, Reference: Effects of low-level
exposure to xenobiotics present in paints on
oxidative stress in  workers, Moro,A.M.;

Chardo,M. et al., (2010), Science of the Total
Environment, info:pmid/20655097#body:154

Expression
(positive)
ethylbenzene
-—+) CYP2E1

[1] "P450 2E1 was
induced after a single
ethylbenzene

the
induction was attenuated

injection;
however, initial
with  more prolonged

treatment."

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Changes in the
expression of cytochrome P450s 2B1, 2B2, 2E1,

and 2C11 in response to daily aromatic
hydrocarbon treatment., Authors:
Bergeron,R.M.; Desai,K.; Serron,S.C.;
Cawley,G.F.; Eyer,C.S.; Backes,W.L.,
MedlineTA: Toxicol Appl Pharmacol, PubYear:
1999, ISSN: 0041-008X, DOI:
10.1006/taap.1999.8656, PMID: 10329501,
TextMods: 36: 'EB' -) ‘ethylbenzene',
Reference: Changes in the expression of

cytochrome P450s 2B1, 2B2, 2E1, and 2C11 in

response to daily aromatic hydrocarbon
treatment., Bergeron,R.M.; Desai,K. et al.,
(1999), Toxicol Appl Pharmacol,

info:pmid/103295014#abs:5

[2] "These results
suggest that CYP2C11
does to

not appear

influence free radical
production and that the
increase in free radical
production in

ethylbenzene treated

Source: Medscan, Title: Ethylbenzene induces

microsomal oxygen free radical generation:
antibody—directed  characterization of the
responsible  cytochrome  P450 enzymes.,

Authors: Serron,S.C.; Dwivedi,N.; Backes,W.L.,
MedlineTA: Toxicol Appl Pharmacol, PubYear:
2000, ISSN: 0041-008X, DOI:
10.1006/taap.2000.8910, PMID: 10799341,
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rats is consistent with
t h e
ethylbenzene-mediated
elevation of CYP2B, CYP
2E1, and CYP3A2."

TextMods: 140: 'EB' =) 'ethylbenzene' 189: 'EB'

-y ‘ethylbenzene', Reference: Ethylbenzene

induces microsomal oxygen free radical
generation: antibody—-directed characterization
of the responsible cytochrome P450 enzymes.,
Serron,S.C.; DwivediN. et al., (2000), Toxicol

Appl Pharmacol, info:pmid/10799341#abs:14

[3] "Ethylbenzene
induces
P450
enzymes including
CYP2E1 and CYP2B."

effectively

several hepatic

Organ: liver, Source: Medscan, Title: Altered
CYP2E1
expression in growth hormone-deficient dwarf
rats., Authors: Zhang,S.; Cawley,G.F.;
Eyer,C.S.; Backes,W.L., MedlineTA: Toxicol
Appl  Pharmacol, PubYear: 2002, ISSN:
0041-008X, DOI: 10.1006/taap.2002.9349,
PMID: 11884239, TextMods: 13: '(EB)' -) ",
Altered
CYP2E1

hormone-deficient

ethylbenzene-mediated hepatic

Reference: ethylbenzene-mediated
growth
dwarf rats., Zhang,S..
Cawley,G.F. et al, (2002), Toxicol Appl

Pharmacol, info:pmid/11884239%abs:1

hepatic expression in

ChemicalReacti
on CYP2E1 -)-)
ethylbenzene

[1] "Ethylbenzene
is metabolized primarily
through hepatic CYP2E1,
which is subject to
high-dose saturation ()."

Organ: liver, Source: Medscan, Title: Authors

response to Huff et al, "Clarifying
carcinogenicity of ethylbenzene’, Authors:
Saghir,S.A.;  Zhang,F.; Rick,D.L.; Kan,L.;
Bus,J.S.; Bartels,M.J., Journal: Regulatory
Toxicology and Pharmacology, PubYear: 2010,
ISSN: 0273-2300, DOl:
10.1016/j.yrtph.2010.08.010, PII:
S0273-2300(10)00137-6, Reference: Authors
response to  Huff et al, "Clarifying

carcinogenicity of ethylbenzene", Saghir,S.A.;
Zhang,F. et al., (2010), Regulatory Toxicology
and Pharmacology,
info:doi/10.1016/}.yrtph.2010.08.010#body:32

(2] T h e
high—affinity component

Title:
Metabolism of ethylbenzene by human liver

Organ:  liver, Source: Medscan,
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was inhibited 79%-95%
(mean 86%) by , )
microsomes and recombinant human

diethyldithiocarbamate,
and recombinant
CYP2E1 was shown to
metabolise ethylbenzene
with (35
microM), but also low

low  Km
(max) (7 pmol/min/pmol
P450), that
this isoform catalysed
the high-affinity
component.”

indicating

cytochrome P450s (CYP)., Authors: Sams,C.;
Loizou,G.D.; Cocker,J.; Lennard,M.S.,
MedlineTA: Toxicol Lett, PubYear: 2004, ISSN:
0378-4274, DOI: 10.1016/].toxlet.2003.11.010,
PMID: 15104117, Reference: Metabolism of
ethylbenzene by human liver microsomes and
recombinant human cytochrome P450s (CYP).,
Sams,C.; Loizou,G.D. et al., (2004), Toxicol Lett,
info:pmid/15104117#abs:4

[3] "Recent
studies have suggested
that CYP2E1 is the major
enzyme to metabolize

ethylbenzene.”

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Metabolic activation of
carcinogenic ethylbenzene leads to oxidative
DNA  damage, Authors:  Midorikawa,K.;
Uchida,T.; Okamoto,Y.; Toda,C.; Sakai,Y.;
Ueda,K.; Hiraku,Y.; Murata,M.; Kawanishi,S.;
Kojima,N., Journal: Chemico—-Biological
Interactions, PubYear: 2004, ISSN: 0009-2797,
DOL: 10.1016/].cbi.2004.09.020, Pl
S0009-2797(04)00129-2, PMID: 15560893,
Reference: Metabolic activation of carcinogenic
ethylbenzene leads to oxidative DNA damage,
Midorikawa,K.;  Uchida,T. (2004),
Chemico-Biological Interactions,

info:pmid/15560893#body:103

et al,

MolSynthesis
(unknown)
2-butanone
-—-) ethanol

"... cultures as
the
compound only (induced
both
repressor

(1]

either inducer
conditions, 1) or
inducer and
compounds
simultaneously

(repressed conditions, 1G

Title: Onset of carbon

catabolite repression in Aspergillus nidulans.

Source: Medscan,
and
glucokinase sugar signaling., Authors:
Flipphi,M.;van de Vondervoort,P.J.; Ruijter,G.J.;
Visser,d.; Arst,H.N. Jr; Felenbok,B., MedlineTA:
J Biol Chem, PubYear: 2003, ISSN: 0021-9258,
PMID: 12519784, Reference: Onset of carbon

Parallel involvement of hexokinase

in
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for D-glucose and IF for
D-fructose), as detailed
for each of the individual
systems under
"Experimental
Growth

culture conditions, RNA

Procedures."
isolation, and Northern
blots were as described
under "Experimental

Procedures." A, Northern

blot analysis of the
ethanol utilization
pathway, i.e. the alcA

and alcR genes induced
by 50 mM 2-butanone ..."

catabolite repression in Aspergillus nidulans.

Parallel involvement of hexokinase and
glucokinase in sugar signaling., Flipphi,M.; van
de Vondervoort,P.J. et al., (2003), J Biol Chem,

info:pmid/125197844#body:149

MolSynthesis
(unknown)
-

ethanol
acetone

[1] "resulted in
only marginally increased
alcohol synthesis and
1.6-fold-decreased
acetone production (Fig. 8)."

Title:
repressor rex modulates alcohol production and

Source: Medscan, Redox-responsive
tolerance in  Clostridium
acetobutylicum, Authors: Zhang,L.; Nie,X.;
Sheng,J.; Gu,Y.; Yang,S.; Jiang,W.; Yang,C.;
Ravcheev,D.A.; Rodionov,D.A.; Ravcheev,D.A.;
Rodionov,D.A., Journal: Journal of Bacteriology,
PubYear: 2014, ISSN: 0021-9193, ESSN:
1098-5530, DOI: 10.1128/JB.02037-14,
EMBASE: 2014974987, PUI: 600790468,

Reference: Redox-responsive repressor

oxidative  stress

rex
modulates alcohol production and oxidative
stress tolerance in Clostridium acetobutylicum,
Zhang,L.; Nie,X. et al., (2014), Journal of
B a ¢c t e r i o | o g vy

info:doi/10.1128/JB.02037-144#cont:471

(2] "In the , the
4,4-dimethyloxazolidine
(compound C) is further

transformed via

Source: Medscan, Title: Identification of the
degradation pathways of alkanolamines with
TiO2  photocatalysis,  Authors: Lu,C.S.;
Chen,C.C.; Mai,F.D.; Li,H.K., Journal: Journal of
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) o Hazardous Materials, PubYear: 2009, ISSN:
hydrolysis, oxidation of
, 0304-3894, DOI:
the  primary  alcohol o
_ 10.1016/j.jhazmat.2008.09.127, PII:
group, decarboxylation
i . S0304-3894(08)01473-8, PMID: 19013714,
and dealkylation leading o ]
] Reference: Identification of the degradation
to the formation of ] ] )
pathways of alkanolamines with TiO 2
acetone (compound A) )
, photocatalysis, Lu,C.S.; Chen,C.C. et al., (2009),
and finally to the }
) o, Journal of Hazardous Materials,
mineralization. ) ]
info:pmid/190137144#body:148
Source: Medscan, Title: Bioproduction of
butanol from biomass: from genes to
[1] "In the | bioreactors, Authors: Ezeji,T.C.; Qureshi,N.;
.| presence of  these | Blaschek,H.P., Journal: Current Opinion in
MolSynthesis ) i
electron carriers, butanol | Biotechnology, PubYear: 2007, ISSN:

(positive)

and ethanol formation

0958-1669, DOI: 10.1016/j.copbio.2007.04.002,

to the wild-type ATCC
824 strain, while large

amounts ...

acetone  ——+) ,
ethanol were stimulated at the | Pll: S0958-1669(07)00051-1, PMID: 17462877,
expense of acetone | Reference: Bioproduction of butanol from
synthesis [ ]." biomass: from genes to bioreactors, Ezeji,T.C.;
Qureshi,N. et al., (2007), Current Opinion in
Biotechnology, info:pmid/17462877#body:32
Source: Medscan, Title: Disruption of the
acetate kinase (ack) gene of Clostridium
acetobutylicum results in delayed acetate
production, Authors: Kuit,W.;Lé
[2] "Butanol and | pez-Contreras,A.M.; Eggink,G.; Minton,N.P.,
ethanol production was | Journal: Applied Microbiology and
restored without acetone | Biotechnology, PubYear: 2012, ISSN:
formation, but at | 0175-7598, ESSN: 1432-0614, DOI:
reduced levels compared | 10.1007/s00253-011-3848-4, EMBASE:

2012357626, PUI: 51815880, PMID: 22249720,
Reference: Disruption of the acetate kinase
(ack) gene of Clostridium acetobutylicum results

in delayed acetate production, Kuit,W.; Loé
pez—-Contreras,A.M. et al., (2012), Applied
Microbiology and Biotechnology,

info:pmid/22249720#cont:27
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Source: Medscan, Title: Ethanol production by
P thermophilic bacteria: biochemical basis for
[3] Inhibition  of ) o
, ethanol and hydrogen tolerance in Clostridium
glucose fermentation by ; i
i thermohydrosulfuricum., Authors: Lovitt,R.W.;
ethanol (4%) in the ) ) ]
) i Shen,G.J.; Zeikus,J.G., MedlineTA: J Bacteriol,
wild—type strain  was . . i
PubYear: 1988, ISSN: 0021-9193, DOI:

reversed by addition of
(1%), which
lowered H2 and ethanol

acetone
production while
increasing  isopropanol

and acetate production.”

10.1128/jb.170.6.2809-2815.1988,
3372483, Reference:
thermophilic bacteria:

PMID:
Ethanol production by
biochemical basis for
ethanol and hydrogen tolerance in Clostridium
thermohydrosulfuricum., Lovitt,R.W.; Shen,G.J.
et al., (1988), J

info:pmid/3372483#abs:3

Bacteriol,

MolSynthesis
(unknown)
-—)

ethanol
xylene

[1] "Lag
for

periods
benzene, toluene,
and xylenes degradation
increased with the initial
ethanol  concentrations
because ethanol removal
was required prior to

benzene, toluene, and
xylenes degradation, and
this

higher

took longer for
ethanol

concentrations.”

Source: Medscan, Title: The influence of the
gasoline oxygenate ethanol on aerobic and

anaerobic  BTX  biodegradation,  Authors:
Corseuil,H.X; Hunt,C.S.; Ferreira dos
Santos,R.C.; Alvarez,P.J.J., Journal: Water

Research, PubYear: 1998, ISSN: 0043-1354,
DOl 10.1016/S0043-1354(97)00438-7, PII:
S0043-1354(97)00438-7, TextMods: 16: BTX'
-) 'benzene, toluene, and xylenes' 154: BTX' -)
'benzene, toluene, and xylenes', Reference: The
influence of the gasoline oxygenate ethanol on
aerobic and anaerobic BTX biodegradation,
Corseuil,H.X.; Hunt,C.S. et al., (1998), Water
R e S e a r c h ,
info:doi/10.1016/S0043-1354(97)00438-74body:87

[2] "The presence
of ethanol in gasoline
therefore could result in
a lag in benzene,
toluene,  ethylbenzene
and xylenes degradation
and

ultimately — might

elongate benzene,

Source: Medscan, Title: Aerobic biodegradation
of iso—butanol and ethanol and their relative
effects on BTEX biodegradation in aquifer
materials, Authors: Schaefer,C.E.; Yang,X;
Pelz,0.; Tsao,D.T.; Streger,S.H.; Steffan,R.J.,
Journal: Chemosphere, PubYear: 2010, ISSN:
0045-6535, DOI:
10.1016/j.chemosphere.2010.09.003, PII:
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toluene, ethylbenzene

and xylenes plumes ()

S0045-6535(10)01000-3, PMID: 20875664,
TextMods: 71: 'BTEX' -) 'benzene, toluene,
156: 'BTEX' -)
'benzene, toluene, ethylbenzene and xylenes'

ethylbenzene and xylenes'

Reference: Aerobic biodegradation of
iso—butanol and their
effects on BTEX biodegradation in aquifer
materials, Schaefer,C.E.; Yang,X. et al., (2010),

Chemosphere, info:pmid/20875664#body:10

and ethanol relative

MolSynthesis
(unknown)
-

ethanol
styrene

(1]
metabolic data showed
that
styrene metabolism and
be
considered a modifying

'As expected,
ethanol alters

can therefore

CellType: outer auditory hair cell, Source:
Medscan, Title: Combined effects of exposure
to styrene and ethanol on the auditory function
in the Authors:  Loquet,G.; Campo,P.;
Lataye,R.; Cossec,B.; Bonnet,P., MedlineTA:
Hear Res, PubYear: 2000, ISSN: 0378-5955,
DOI: 10.1016/s0378-5955(00)00151-9, PMID:

10978834, Reference: Combined effects of

rat.,

factor of styrene )
L, exposure to styrene and ethanol on the auditory
toxicokinetics. .
function in the rat., Loquet,G.; Campo,P. et al.,
(2000), Hear Res, info:pmid/10978834#abs:6
Tissue: urine, Organism: Rattus norvegicus,
Source: Medscan, Title: Urinary mercapturic
. ) acid diastereoisomers in rats subchronically
[2] In this study
. | exposed to styrene and ethanol., Authors:
the mercapturic acid . ) )
) ) Coccini,T.; Maestri,L.; Robustelli della
diastereoisomers were ,
Cuna,F.S.;  Bin,L.; Costa,L.G.; Manzo,L.,

measured in the urine of
rats exposed to styrene
with
ethanol, a good inducer

in  combination

of styrene metabolism."

MedlineTA: Arch Toxicol, PubYear: 1996, ISSN:
0340-5761, DOI:  10.1007/s002040050334,
PMID: 8896719, Reference: Urinary mercapturic
acid diastereoisomers in rats subchronically
exposed to styrene and ethanol., Coccini,T.;
Maestri,L. et al., (1996),
info:pmid/88967194#abs:4

Arch  Toxicol,

"Previous

(3]

studies have indicated

Organ: brain, Source: Medscan, Title: Effect of

subchronic ethanol ingestion on
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Citation
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that ethanol may affect
styrene metabolism and
toxicity in target tissues
(e.g. brain)."

styrene—induced damage to the tracheal and
Authors:
Coccini,T.; Fenoglio,C.; Maestri,L.; Costa,L.G.;
Manzo,L., MedlineTA: J Appl Toxicol, PubYear:
1998, ISSN: 0260-437X, DOI:
10.1002/(sici)1099-1263(1998090)18:5¢(349::ai
d-jat52073.0.co:2-w, PMID: 9804435,
Reference: Effect of subchronic ethanol
ingestion on styrene-induced damage to the

pulmonary epithelium of the rat.,

tracheal and pulmonary epithelium of the rat.,
Coccini,T.; Fenoglio,C. et al., (1998), J Appl
Toxicol, info:pmid/98044354#abs:1

MolSynthesis
(positive)
ethanol -—+)

toluene

[1] "Ethanol
enhanced toluene
degradation in all three
microcosms, even
though it

preferentially degraded.”

was

Source: Medscan, Title: The influence of the
gasoline oxygenate ethanol on aerobic and

anaerobic  BTX  biodegradation,  Authors:
Corseuil,H.X.; Hunt,C.S.; Ferreira dos
Santos,R.C.; Alvarez,P.J.J., Journal: Water

Research, PubYear: 1998, ISSN: 0043-1354,
DOI:  10.1016/S0043-1354(97)00438-7, PIlI:
S0043-1354(97)00438-7, The
influence of the gasoline oxygenate ethanol on

Reference:

aerobic and anaerobic BTX biodegradation,
Corseuil,H.X.; Hunt,C.S. et al., (1998), Water
R e S e a r c h ,
info:doi/10.1016/S0043-1354(97)00438-7#bod
y:126

[2] "Ethanol
treatment influenced
toluene metabolism

mainly at low exposure
concentrations.”

Source: Medscan, Title: Effects of ethanol and
the
pharmacokinetics of toluene in rats., Authors:
Wang,R.S.; Nakajima,T., MedlineTA: Br J Ind
Med, PubYear: 1992, ISSN: 0007-1072, DOI:
10.1136/0em.49.2.104, PMID: 1536817,
Reference: Effects of ethanol and phenobarbital

phenobarbital treatments on

treatments on the pharmacokinetics of toluene
in rats., Wang,R.S.; Nakajima,T., (1992), Br J Ind
Med, info:pmid/1536817#abs:2
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Source: Medscan, Title: Effect of Biofuels on
Biodegradation of Benzene and Toluene at
. Gasoline Spill Sites., Authors: Wilson,J.T.;
[3] At two ) ) i
. . Adair,C.; White,H.; Howard,R.L., MedlineTA:
ethanol spill sites, ) ]
] Ground Water Monit Remediat, PubYear: 2016,
concentrations of

ethanol greater =42
mg/L  inhibited  the
anaerobic degradation of
toluene."

ISSN: 1069-3629, DOI:
10.1111/gwmr.1218710.1111/gwmr.12187,
PMID: 32699493, Reference: Effect of Biofuels
on Biodegradation of Benzene and Toluene at
Gasoline Spill Sites., Wilson,J.T.; Adair,C. et al.,
(2016), Ground Water Monit
info:pmid/32699493#abs:5

Remediat,

MolSynthesis

[1]
low xylene content of
the

"The extremely

ethylbenzene

Source: Medscan, Title: Synthetic zeolites and
other microporous oxide molecular sieves.,
Authors: Sherman,J.D., MedlineTA: Proc Natl

styrene -—+)

ethylbenzene

which transfers

hydrogen to styrene

resulting in the formation

of ethylbenzene ...

(negative) product permits the | Acad Sci U S A, PubYear: 1999, ISSN:
xylene . production of the | 0027-8424, PMID: 10097059, Reference:
styrene highest-purity  styrene | Synthetic zeolites and other microporous oxide
monomer and lowers the | molecular sieves., Sherman,J.D., (1999), Proc
costs in the styrene | Natl Acad Sci U S A,

production unit." info:pmid/100970594#body:137
Source: Medscan, Title: Reduction of alkenes
catalyzed by copper nanoparticles supported on
diamond nanoparticles, Authors:
[1] "... based on | Dhakshinamoorthy,A.; Navalon,S.; Sempere,D.;
the literature that | Alvaro,M.;  Garcia,H.,  Journal:  Chemical
MolSynthesis | hydrazine undergoes | Communications,  PubYear: 2013, ISSN:
(positive) | oxidation to diimide16,17 | 1359-7345, ESSN: 1364-548X, DOI:

10.1039/¢3¢c39011j, EMBASE: 2013223875,
PUI: 368681009, PMID: 23407720, Reference:
Reduction of alkenes catalyzed by copper

nanoparticles supported on diamond
nanoparticles, Dhakshinamoorthy,A.; Navalon,S.
et al, (2013), Chemical Communications,

info:pmid/23407720#cont:82
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Source: Medscan, Title: Kinetics and simulations
of  substrate interactions  during  the
" ) biodegradation of benzene, toluene, p-xylene
[1] The estimated '
] ] and styrene., Authors: Song,J.; Shin,S.;
interaction  parameters i )
o Jang,H.S.; Hwang,S.J., MedlineTA: J Environ
indicated that the

MolSynthesis
(unknown)
)

toluene
styrene

degradation of benzene
was substantially
inhibited in the presence
of styrene, whereas the
degradation of styrene
was strongly stimulated

by toluene."

Sci Health A Tox Hazard Subst Environ Eng,
PubYear: 2012, ESSN: 1532-4117, DOI:
10.1080/10934529.2012.66732010.1080/1093
4529.2012.667320, PMID: 22486672,
Reference: Kinetics and simulations of substrate
the
benzene, toluene, p-xylene and styrene.,
Song,J.; Shin,S. et al., (2012), J Environ Sci
Health A Tox Hazard Subst Environ Eng,
info:pmid/22486672#abs:7

interactions  during biodegradation of

(2] "Although

Source: Medscan, Title: Biodegradation and

biotransformation of groundwater pollutant

mixtures by Mycobacterium vaccae., Authors:

toluene promoted the | Burback,B.L.; Perry,J.J., MedlineTA: Appl
degradation of styrene, a | Environ  Microbiol, PubYear: 1993, ISSN:
lower rate of toluene | 0099-2240, PMID: 8476280, Reference:
degradation occurred | Biodegradation and  biotransformation  of
when  styrene  was | groundwater pollutant mixtures by
present.” Mycobacterium vaccae., Burback,B.L.;
Perry,J.J., (1993), Appl Environ Microbiol,
info:pmid/8476280#abs:8
Source: Medscan, Title: Degradation of toluene
. and xylene by Rhodococcus cells, Authors: de
[1] The presence
, Carvalho,C.C.C.R.; Fatal,V.; Alves,S.S..da
) of xylene increased the
MolSynthesis Fonseca,M.M.R., Journal: Journal of
: rate of toluene )
(negative) ) Biotechnology, PubYear: 2007, ISSN:
consumption and the
toluene -] 0168-1656, DOI:
presence of toluene
xylene , 10.1016/].jbiotec.2007.07.174, PII:
improved the rate of
o, S0168-1656(07)00634-7, Reference:
xylene degradation. ,
Degradation of toluene and xylene by
Rhodococcus cells, de Carvalho,C.C.C.R.;
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Fatal,V. et al., (2007), Journal of Biotechnology,
info:doi/10.1016/].jbiotec.2007.07.1744body:6

(2]

was shown to be the

"Ethylbenzene

most potent inhibitor of
BTEX
p—xylene also inhibited

degradation.

Source: Medscan, Title: Microbial degradation of

benzene, toluene, ethylbenzene and xylene
isomers (BTEX) contaminated groundwater in

Korea., Authors: Chang,S.W.; La,H.J.; Lee,S.J.,

the degradation of , .
MedlineTA: Water Sci Technol, PubYear: 2001,
benzene, toluene, and
ISSN: 0273-1223, PMID: 11724483, Reference:
ethylbenzene, whereas ) ] ]
) Microbial degradation of benzene, toluene,
the presence of either i
ethylbenzene and xylene isomers (BTEX)
benzene or toluene . )
contaminated groundwater in Korea.,
enhanced the .
) Chang,S.W.; La,H.J. et al., (2001), Water Sci
degradation of ) )
Technol, info:pmid/11724483#abs:8
ethylbenzene and the
xylenes."
Source: Medscan, Title: Degradation
characteristics of toluene, benzene,
ethylbenzene, and xylene by Stenotrophomonas
[3] "While xylene | maltophilia T3-c., Authors: Lee,E.Y.; Jun,Y.S.;

could not be utilized as a
growth substrate by S.

maltophilia  T3-c, the
presence of toluene
resulted in the

cometabolic degradation
of xylene."

Cho,K.S.; Ryu,H.W., MedlineTA: J Air Waste
PubYear: 2002, ISSN:
DOL:
PMID:
Degradation

Manag  Assoc,
1096-2247,
10.1080/10473289.2002.10470796,
12002185,
characteristics

Reference:

of toluene, benzene,
ethylbenzene, and xylene by Stenotrophomonas
maltophilia T3-c., Lee,E.Y.; Jun,Y.S. et al,
(2002), J Air Waste

info:pmid/12002185#abs:8

Manag  Assoc,

MolSynthesis
(unknown)
)

ethylbenzene

toluene

(1]

was shown to be the

"Ethylbenzene

most potent inhibitor of
BTEX
p—xylene also inhibited
the

degradation.

degradation of

Source: Medscan, Title: Microbial degradation of
benzene, toluene, ethylbenzene and xylene
isomers (BTEX) contaminated groundwater in
Korea., Authors: Chang,S.W.; La,H.J.; Lee,S.J.,
MedlineTA: Water Sci Technol, PubYear: 2001,
ISSN: 0273-1223, PMID: 11724483, Reference:
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benzene, toluene, and

ethylbenzene, whereas

the presence of either

benzene or toluene
enhanced the
degradation of

ethylbenzene and the

Microbial degradation of benzene, toluene,
ethylbenzene and xylene isomers (BTEX)
contaminated groundwater in Korea.,

Chang,S.W.; La,H.J. et al., (2001), Water Sci
Technol, info:pmid/11724483#abs:8

xylenes."

[2] "Chang and his
colleagues investigated
the substrate

interactions of Benzene,
toluene,  ethylbenzene
and xylenes by a mixed
culture isolated from a
gasoline—contaminated
site, and demonstrated
that the simultaneous
presence of benzene and
toluene were degraded
with a slight inhibitory
effect on each other,
ethylbenzene was the
most potent inhibitor of
Benzene, toluene,
ethylbenzene and
xylenes degradation, the
presence of p-xylene
inhibited the degradation
of benzene, toluene, and
ethylbenzene, whereas
the presence of either
benzene or toluene
enhanced the degradation
of ethylbenzene and the

xylenes."

Source: Medscan, Title: Substrate interactions
during anaerobic biodegradation of BTEX by the
reducing

Hu,Z.,

under nitrate

Authors:  Dou,J.; Liu,X.;
Journal:  Journal of Hazardous Materials,
PubYear: 2008, ISSN: 0304-3894, DOI:
10.1016/j.jhazmat.2008.01.075, PIl:
S0304-3894(08)00149-0, PMID: 18325662,
TextMods: 68: 'BTEX' -) 'Benzene, toluene,
‘BTEX' -)
'‘Benzene, toluene, ethylbenzene and xylenes',
Substrate
anaerobic biodegradation of BTEX by the mixed

mixed  cultures

conditions,

ethylbenzene and xylenes' 352:

Reference: interactions  during

cultures under nitrate reducing conditions,
Dou,J.; LiuX. et al., (2008), Journal of
Hazardous Materials,

info:pmid/18325662#body:13
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Source: Medscan, Title: Degradation characteristics
of toluene, benzene, ethylbenzene, and xylene

e N-demethylation and
aliphatic hydroxylation of
toluene in females."

by Stenotrophomonas maltophilia T3-c.,
[1] "The specific | Authors:  Lee,E.Y.;  JunY.S.; Cho,K.S;
. | degradation  rate  of | Ryu,H.W., MedlineTA: J Air Waste Manag
MolSynthesis )
( ‘ ) toluene was increased | Assoc, PubYear: 2002, ISSN: 1096-2247, DOI:
unknown
by the presence of | 10.1080/10473289.2002.10470796, PMID:
ethylbenzene )
5 tol benzene, ethylbenzene, | 12002185, Reference: Degradation
—-—-) toluene
or xylene in binary | characteristics of toluene, benzene,
mixtures." ethylbenzene, and xylene by Stenotrophomonas
maltophilia T3-c., Lee,E.Y.; Jun,Y.S. et al,
(2002), J Air Waste Manag Assoc,
info:pmid/120021854#abs:9
Source: Medscan, Title: Ethylbenzene-mediated
. induction of cytochrome P450 isozymes in male
[2] Ethylbenzene _
) and female rats., Authors: Sequeira,D.J.;
exposure selectively _
_ . . Eyer,C.S.; Cawley,G.F.; Nick,T.G.; Backes,W.L.,
induced aminopyrine _ _
q thvlati i MedlineTA: Biochem Pharmacol, PubYear:
emethylation,  aniline
o Y . 1992, ISSN: 0006-2952, DOI:
roxylation,
yearoxye " | 10.1016/0006-2952(92)90382-s, PMID:
N,N-dimethylnitrosamin . ) \
1417939, TextMods: 132: '(DMNA) -) ",

Reference: Ethylbenzene-mediated induction of
cytochrome P450 isozymes in male and female
rats., Sequeira,D.J.; Eyer,C.S. et al., (1992),
Biochem Pharmacol, info:pmid/1417939%abs:10
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Protein

(Ligand)

Protein

(Transcription factor)

Small Molecule

10D¢ 00

Tissue

———> DirectRegulation
——> Expression

FunctionalAssociation

—8—> GeneticChange
——> QuantitativeChange
~ Regulation
—-@> positive
——> unknown

oxidative stress

Regulation

Citation Source
type

Organ: nigrostriatal system, Organism: Rattus
[1] "CYP2E1 is | norvegicus, Source: Medscan, Title: Regional

R lati also thought to have a | and cellular distribution of CYP2E1 in monkey
egulation
¢ role in | brain and its induction by chronic nicotine,
(unknown) , .
neurodegeneration and | Authors:  Joshi,M..  Tyndale,R.F., Journal:

CYP2E1T  -—-
>, has been postulated to | Neuropharmacology, PubYear: 2006, ISSN:
neurodegenerati o
o have a causal association | 0028-3908, DOI:
n
with Parkinson's disease | 10.1016/j.neuropharm.2005.11.001, PIl:
)" S0028-3908(05)00386-2, PMID: 16368115,

Reference: Regional and cellular distribution of
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CYP2E1 in monkey brain and its induction by
chronic nicotine, Joshi,M.; Tyndale,R.F., (2006),
Neuropharmacology,
info:pmid/16368115#body:130

(2]

"I-methyl-4-phenyl
tetrahydropyridinium
administration results in
of

striatal  reduction

d opamine
(dopaminergic) to 45.0%,
3,4-dihydroxyphenylacet
ic acid to 46.6%
homovanillic
59.7%;

combined treatment of
sulfide +

T-methyl-4-phenyl

and
acid to

however,

diallyl

tetrahydropyridinium
was found to enhance
the
dopaminergic,

reduction in
3,4-dihydroxyphenylacet
ic acid and homovanillic
acid, which shows that

CYP2E1 inhibitors
augment selective
dopaminergic  neuronal

degeneration ( )."

Organ: corpus striatum, Source: Medscan, Title:
Status of antioxidant defense system and
expression of toxicant responsive genes in

striatum of maneb- and paraquat-induced

Parkinson's disease phenotype in mouse:
Mechanism of neurodegeneration, Authors:
Patel,S.;  Singh,V.; Kumar,A.; Gupta,Y.K.;
Singh,M.P., Journal: Brain Research, PubYear:
2006, ISSN: 0006-8993, DOI:
10.1016/].brainres.2006.01.060, PIl:
S0006-8993(06)00175-2, PMID: 16510128,

TextMods: 0: 'MPTP' -) "1-methyl-4-phenyl
tetrahydropyridinium' 97: 'DA" =) 'dopaminergic'
262: 'MPTP' -
tetrahydropyridinium' 339: 'DA" -) 'dopaminergic’
152: '(DOPAC) -) 345: 'DOPAC' -)
'3,4~dihydroxyphenylacetic acid' 183: '(HVA)' -)
" 374: 'HVA' =) 'homovanillic acid' 240: '(DAS)'
-> ", Reference: Status of antioxidant defense

"1-methyl-4-phenyl

system and expression of toxicant responsive

genes in  striatum of maneb- and

paraquat—induced Parkinson's disease
mouse:  Mechanism  of
neurodegeneration, Patel,S.; Singh,V. et al,
(2006), Brain

info:pmid/16510128#body:19

phenotype in

Research,

"As Parkinson's

(3]

disease is a
neurodegenerative
disorder, both the APOE
and CYP2E1 genes that
are

involved in

Source: Medscan, Title: APOE and CYP2E1

polymorphisms, alcohol consumption, and
Parkinson's disease in a Japanese population.,
Authors: Kiyohara,C.; Miyake,Y.: Koyanagi,M.;
Fujimoto,T.; Shirasawa,S.; Tanaka,K.;

Fukushima,W.; Sasaki,S.; Tsuboi,Y.; Yamada,T.;
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neurodegeneration by
oxidative stress may be
with
Parkinson's disease risk."

associated

Oeda,T.; Miki,T.; Kawamura,N.; Sakae,N.;
Fukuyama,H.; Hirota,Y.; Nagai,M., MedlineTA: J
Neural Transm (Vienna), PubYear: 2011, ESSN:
1435-1463, DOI:
10.1007/s00702-011-0612-y10.1007/s00702
-011-0612-y, PMID: 21360299, TextMods: 23:
'(PD) -» " 169: 'PD' -) 'Parkinson\'s disease’,
Reference: APOE and CYP2E1 polymorphisms,
alcohol consumption, and Parkinson's disease in
a Japanese population., Kiyohara,C.; Miyake,Y.

Regulation
(positive)
CYP2E1 -+
oxidative stress

et al., (2011), J Neural Transm (Vienna),
info:pmid/213602994#abs:3
[1] "Ahmad [, | CellType:  neutrophil,  Organism:  Rattus
Shukla S, Singh D, | norvegicus, Source: Medscan, Title: The
Chauhan AK, Kumar V, | Bidirectional Effect of Defective ALDH2
Singh BK, Patel DK, | Polymorphism and Disease Prevention, Authors:

Pandey HP, Singh C
(2014) cytochrome
P4502E1-mediated
oxidative stress
regulates heme

oxygenase 1 and GST

expression in
maneb-and
paraguat—treated rat

polymorphonuclear
leukocytes."

Matsumoto,A., Journal: Advances in

Experimental Medicine and Biology, PubYear:

2019, ISSN: 0065-2598, ESSN: 2214-8019,
DOt 10.1007/978-981-13-6260-6_4,
EMBASE: 20190577827, PUI: 628893711,

Reference: The Bidirectional Effect of Defective
ALDH2 Polymorphism and Disease Prevention,
(2019),
Experimental Medicine and Biology,
info:doi/10.1007/978-981-13-6260-6_4#cont:
164

Matsumoto,A., Advances in

[2] "Correction to:
CYP2E1-mediated
oxidative stress
regulates HO-1 and GST

expression in
maneb-and
paraguat—treated rat

polymorphonuclear
leukocytes”

Rattus
norvegicus, Source: Medscan, Title: Correction

CellType:  neutrophil,  Organism:
to: CYP2E1-mediated oxidative stress regulates
HO-1 and GST expression in maneb- and
paraquat—treated rat polymorphonuclear
leukocytes (Molecular and Cellular Biochemistry,
(2014), 393, 1-2, (209-222),
10.1007/s11010-014-2062~y), Authors:

Ahmad,l.; Shukla,S.; Singh,D.; Chauhan,A.K.;
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Kumar,V.; Singh,B.K.; Patel,D.K.; Singh,C.;
Singh,D.; Chauhan,A.K.; Kumar,V.; Singh,C.;

Pandey,H.P., Journal: Molecular and Cellular
Biochemistry, PubYear: 2019, ISSN:
0300-8177, ESSN: 1573-4919, DOI:
10.1007/s11010-019-03587-8, EMBASE:
20190515131, PUI: 2002305676, Reference:
Correction CYP2E1-mediated oxidative
stress regulates HO-1 and GST expression in

to:

maneb-— and paraquat—treated rat
polymorphonuclear leukocytes (Molecular and
Cellular  Biochemistry, (2014), 393, 1-2,
(209-222), 10.1007/s11010-014-2062-y),
Ahmad,|.; Shukla,S. et al., (2019), Molecular and
Cellular Biochemistry,

info:doi/10.1007/s11010-019-03587-8#cont:3

(3]
showed that cytochrome
P450 2E1
expression results in an

"Many studies

over

increased liver oxidative
stress [38]."

Organ: liver, Source: Medscan, Title: Protective
Effects of Salidroside on Lead Acetate—induced
Oxidative
Sprague-Dawley Rats, Authors: Chen,C.; Lin,B.;
Zheng,H.; Qi,S.; He,J.; Qi,S., Journal: Biological
Trace Element Research, PubYear: 2019, ISSN:
0163-4984, ESSN: 1559-0720, DOI:
10.1007/s12011-019-1635-8, EMBASE:
20190060583, PUI: 626112424, Reference:
Protective Effects of Salidroside on Lead
Oxidative and
Hepatotoxicity —in  Sprague—-Dawley  Rats,
Chen,C.; Lin,B. et al., (2019), Biological Trace
Element Research,
info:doi/10.1007/s12011-019-1635-8#cont:200

Stress and  Hepatotoxicity in

Acetate-induced Stress

FunctionalAssoc
iation (unknown)
neurodegenerati

on

[1] "Astrocytes
differentiated

human ESCs and
have

from
iPSC
to

been used

CellType: astrocyte, Organism: Homo sapiens,
Source: Medscan, Title: Astrocyte alterations in
their
modeling in human induced pluripotent stem

neurodegenerative  pathologies  and
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cell platforms, Authors: Oksanen,M.;
Lehtonen,S.; Jaronen,M.; Goldsteins,G.;
Hamalainen,R.H.; Koistinaho,J.; Lehtonen,S.;
screen compound o
i _ o Koistinaho,J., Journal: Cellular and Molecular
libraries aiming at | . _
dentificati ; Life  Sciences, PubYear: 2019, ISSN:
identification o
ecul that I 1420-682X, ESSN: 1420-9071, DOI:
molecules at cou
o o 10.1007/s00018-019-03111-7, EMBASE:
oxidative stress | counteract oxidative
20190284746, PUI: 627388826, Reference:
stress, a common _ . .
) .| Astrocyte alterations in neurodegenerative
denominator in } _ . :
. pathologies and their modeling in human
neurodegeneration | )
induced pluripotent stem cell platforms,

[220]."

Oksanen,M.; Lehtonen,S. et al., (2019), Cellular
and Molecular Life Sciences,
info:doi/10.1007/s00018-019-03111-7#cont:444

[2] "level—It is
hypothesized that
oxidative stress, which is
provoked by iron
metabolism, is one of
the  most important
cause of

neurodegeneration
(Mandel et al. 2003)."

CellType: astrocyte, Source: Medscan, Title:
Neuroprotection in Parkinson’'s disease: facts

and hopes, Authors: Salamon,A.; Zadori,D.;
Szpisjak,L.; Klivényi,P.; Vécsei,lL.; Vécsei,lL.,
Journal:  Journal of Neural Transmission,
PubYear: 2020, ISSN: 0300-9564, ESSN:
1435-1463, DOI:
10.1007/s00702-019-02115-8, EMBASE:

20190898269, PUI: 2003830029, Reference:
Neuroprotection in Parkinson’'s disease: facts
and hopes, Salamon,A.; Zadori,D. et al., (2020),
Journal of Neural Transmission,
info:doi/10.1007/s00702-019-02115-8#cont:42

[3] "Therefore,
oxidative damage is the
preliminary preparer of
demyelination and
neurodegeneration  [6,

10, 12, 13, 171."

Tissue: vascular endothelium, Organ: central
nervous system, CellType: monocyte, Source:
Title:
thiol-disulphide homeostasis and visual evoked

Medscan, Relationship between

potentials in patients with multiple sclerosis,

Authors: Vural,G.; Gumisyayla,S.; Deniz,O.;
Neselioglu,S.; Erel,0., Journal: Neurological
Sciences, PubYear: 2019, ISSN: 1590-1874,
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ESSN: 1590-3478, DOI:
10.1007/s10072-018-3660-3, EMBASE:
20180851571, PUIl: 625313682, Reference:
Relationship between thiol-disulphide

homeostasis and visual evoked potentials in

patients with multiple sclerosis, Vural,G.;
Gumiisyayla,S. et al., (2019), Neurological
S c i e n c e S

info:doi/10.1007/s10072-018-3660-3#cont: 102

DirectRegulation
(positive)
acetone  ——+)
CYP2E1

Mechanism:
d ir
interaction

e ¢t

[1] "Acetone is a
strong inducer of
CYP2E1, which may «a

-hydroxylate NNK."

Source: Medscan, Title: The profile of urinary
metabolites of
4-(methylnitrosamino)-1-(3-pyridyl)-1-butano
ne in rats is determined by its pulmonary
metabolism, Authors: Schneider,T.; Frei,E.;
Wiessler,M.,  Journal: Chemico-Biological
Interactions, PubYear: 1999, ISSN: 0009-2797,
DOI:  10.1016/S0009-2797(99)00083-6, PII:
S0009-2797(99)00083-6, PMID: 10362230,
Reference: The profile of urinary metabolites of
4-(methylnitrosamino)-1-(3-pyridyl)-1-butano
ne in rats is determined by its pulmonary
metabolism, Schneider,T.; Frei,E. et al., (1999),
Chemico-Biological

info:pmid/10362230#body:13

Interactions,

"Ethanol  and
CYP2E1

such as acetone and

(2]

other ligands
4-methylpyrazole
increase levels of
CYP2E1 by

stabilizing the enzyme

largely

against degradation
(Song et al., 1986; Koop
and Tierney, 1990)."

Title:  Sodium

levels

Medscan, salicylate
CYP2E1
arachidonic acid toxicity in HepG2 cells and
cultured rat hepatocytes., Authors: Wu,D.;
Cederbaum,A.l., MedlineTA: Mol Pharmacol,
PubYear: 2001, ISSN: 0026-895X, PMID:
11259624, Reference:
increases  CYP2E1
arachidonic acid toxicity in HepG2 cells and

Wu,D.;
Pharmacol,

Source:

increases and enhances

Sodium  salicylate

levels and enhances
cultured rat hepatocytes.,
Cederbaum,A.l., (2001), Mol

info:pmid/11259624#body:233
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Organ: liver, Source: Medscan, Title: Relative
roles of CYP2E1 and CYP1A2 in mouse
. . uroporphyria caused by acetone., Authors:
(3] We previously | ) ) .
Sinclair,P.R.; Gorman,N.; Walton,H.S.;
reported that acetone, . . .
. Bement,W.J.; Szakacs,J.; Gonzalez,F.J.;
an inducer of CYP2E1, ] )
| Dalton,T.P.; Nebert,D.W.; Sinclair,J.F.,
enhances hepatic ] ] )
, MedlineTA: Arch Biochem Biophys, PubYear:
uroporphyrin
) ) . 2000, ISSN: 0003-9861, DOI:
accumulation in  mice ,
10.1006/abbi.2000.2124, PMID: 11368328,

treated with iron dextran
(Fe)
5-aminolevulinic acid."

and

TextMods: 167: '(ALA)' —-) ", Reference: Relative
roles of CYP2E1 and CYP1A2
uroporphyria caused by acetone., Sinclair,P.R.;
Gorman,N. et al., (2000), Arch Biochem
Biophys, info:pmid/11368328#abs:2

in  mouse

Expression
(positive)

[1] "These results
also show that acetone
induces the expression
of CYP2E1 at both the

Tissue: lung parenchyma, Organ: nose,
Organism: Rattus norvegicus, Source: Medscan,
Title: Effect of methacrylonitrile on cytochrome
P-450 2E1 (CYP2E1) expression in male F344
Authors: Wang,H.; Chanas,B.;
Ghanayem,B.I., MedlineTA: J Toxicol Environ

Health A, PubYear: 2002, ISSN: 1528-7394,

rats.,

acetone  ——+) i
CYP2E mRNA and protein levels | DOI:  10.1080/15287390252807984, PMID:
in rat nasal and lung | 11939710, Reference: Effect of
tissues." methacrylonitrile on cytochrome P-450 2E1
(CYP2E1) expression in male F344 rats.,
Wang,H.; Chanas,B. et al., (2002), J Toxicol
Environ Health A, info:pmid/11939710#abs:14
CellType: hepatocyte, Organism: Oryctolagus
cuniculus, Source: Medscan, Title: Cytochrome
[2] "Acetone is | P450IIET (CYP2E1) is induced by skatole and
one of the common | this induction is blocked by androstenone in

CYP2E1
expression in rat, rabbit

inducers  of

and mice hepatocytes."

isolated pig hepatocytes, Authors: Doran,E.;
Whittington,F.W.;  Wood,J.D.; McGivan,J.D.,
Journal: Chemico—-Biological Interactions,
PubYear: 2002, ISSN: 0009-2797, DOI:
10.1016/50009-2797(02)00015-7, Pl
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Citation

Source

S0009-2797(02)00015-7, PMID: 12044562,
Reference: Cytochrome P450IIE1 (CYP2E1) is
induced by skatole and this induction is blocked
by androstenone in isolated pig hepatocytes,
Whittington, F.W. (2002),
Chemico-Biological Interactions,
info:pmid/12044562#body:47

Doran,E.; et al.,

(3]
P450 2E1 expression in

"Cytochrome

the rat liver is increased

following exposure to
alcohol, acetone,
pyridine, isoniazid and

other chemicals."

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Oxidative damage to
the hepatocellular proteins after chronic ethanol
intake in the Authors:  Abraham,P.;
Wilfred,G.; Ramakrishna,B., Journal: Clinica
Chimica Acta, PubYear: 2002, ISSN: 0009-8981,
DOI:  10.1016/S0009-8981(02)00279-6,  PII:
S0009-8981(02)00279-6, PMID: 12367775,
Reference: Oxidative damage to the hepatocellular

rat,

proteins after chronic ethanol intake in the rat,
Abraham,P.; Wilfred,G. et al., (2002), Clinica
Chimica Acta, info:pmid/12367775#body:118

ChemicalReacti
on CYP2E1 -)-)
acetone

[1] "It has been
shown that
CYP2E1-mediated
metabolism of acetone is
an

important  energy

source for
gluconeogenesis during

prolonged fasting."

Tissue: blood, Source: Medscan, Title: Role of
CYP2E1 in ketone-stimulated insulin release in
pancreatic B-cells, Authors: Murdock,D.J.L.;
Clarke,dJ.; Flatt,P.R.; Barnett,Y.A.; Barnett,C.R.,
Journal: Biochemical Pharmacology, PubYear:
2004, ISSN: 0006-2952, DOI:
10.1016/j.bcp.2003.10.011, PII:
S0006-2952(03)00825-6, Reference: Role of
CYP2E1 in ketone-stimulated insulin release in
pancreatic B—cells, Murdock,D.J.L.; Clarke,J. et
al., (2004), Biochemical  Pharmacology,
info:doi/10.1016/j.bcp.2003.10.0114#body:167

(2]

in vivo acetone induces

"Furthermore,

nephrotoxicity in rodents

and is also a

well-established

Organ: kidney, Organism: Mus musculus,
Source: Medscan, Title: A 3-D organoid kidney
culture model engineered for high-throughput
nephrotoxicity assays, Authors: Astashkina,A.l.;

Mann,B.K.;  Prestwich,G.D.;  Grainger,D.W.,

180




4
Ju

Regulation -

9 Citation Source

type
Journal: Biomaterials, PubYear: 2012, ISSN:
0142-9612, DOI: 10.1016/j.biomaterials.2012.02.063,
Pll:  S0142-9612(12)00268-2, Reference: A
3-D organoid kidney culture model engineered

substrate for CYP2E1

biotransformation."

for high-throughput
Astashkina,A.l.;

nephrotoxicity
Mann,B.K. et al,

assays,
(2012),
B i om at e r i a |l s |,
info:doi/10.1016/].biomaterials.2012.02.063#bo
dy:212

[3] "Acetone is
both an inducer and a
substrate of CYP2E1."

Organ: liver, Organism: Homo sapiens, Source:
Medscan, Title: Metabolism of Alcohol, Authors:
Lieber,C.S., Journal: Clinics in Liver Disease,
PubYear: 2005, ISSN: 1089-3261, DOI:
10.1016/j.cld.2004.10.005, Pl
$1089-3261(04)00116-3,
Metabolism of Alcohol,

Reference:
Lieber,C.S., (2005),
Clinics in Liver Disease,
info:doi/10.1016/j.cld.2004.10.0054#body: 106

ChemicalReacti
on CYP2E1 -)-)
benzene

[1] "Benzene s
primarily metabolized by
CYP2E1 to a variety of
metabolites, some of

them reactive quinones."

Source: Medscan, Title: Linking exposure to
environmental pollutants with biological effects,
Authors: Sgrensen,M.; Autrup,H.; Mgller,P.;
Hertel,O.; Jensen,S.S.;
Knudsen,L.E.;  Loft,S.,
Research—-Reviews in  Mutation Research,
PubYear: 2003, ISSN: 1383-5742, DOI:
10.1016/j.mrrev.2003.06.010, PII:
S$1383-5742(03)00089-9, Reference:
exposure to environmental

Vinzents,P.;
Journal:  Mutation

Linking
pollutants  with
biological effects, Sarensen,M.; Autrup,H. et
al., (2003),
Mutation Research,
info:doi/10.1016/j.mrrev.2003.06.010#body:241

Mutation Research—-Reviews in

[2] "In fact
CYP2E1 activity may be
decreased due to

competitive inhibition by

Source: Medscan, Title: Ethics in biomonitoring

for occupational health, Authors: Manno,M.;
Sito,F.; Licciardi,L., Journal: Toxicology Letters,
PubYear: 2014, ISSN: 0378-4274, DOI:
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metabolized by CYP2E1,
in which case the test
would

just be mainly

indicative of exposure.”

Regulation -
9 Citation Source
type
other  solvents, say, )
10.1016/j.toxlet.2014.10.004, Pl
benzene or toluene, o
) S0378-4274(14)01376-9, Reference: Ethics in
which are also | . o )
biomonitoring for  occupational health,

Manno,M.; Sito,F. et al., (2014), Toxicology
L e t t e r s ,
info:doi/10.1016/].toxlet.2014.10.0044#body:212

(3] "0
absorbed, benzene s
metabolized by CYP 2E1
to yield

n c e

phenol,
hydroquinone , catechol ,

and 1,2,4-benzenetriol

@.

Tissue: bone marrow, CellType: stem cell,
Organism: Homo sapiens, Source: Medscan,
Title: A potential mechanism underlying the
increased susceptibility of individuals with a
NAD(P)H:quinone
oxidoreductase 1 (NQO1) to benzene toxicity.,
Authors:  Moran,J.L.;  Siegel,D.;  Ross,D.,
MedlineTA: Proc Natl Acad Sci U S A, PubYear:
1999, ISSN: 0027-8424, PMID: 10393963,

Reference: A potential mechanism underlying

polymorphism in

the increased susceptibility of individuals with
NAD(P)H:quinone
oxidoreductase 1 (NQO1) to benzene toxicity.,
Moran,J.L.; Siegel,D. et al., (1999), Proc Natl
Acad Sci U S A, info:pmid/10393963#body:34

a polymorphism in

Expression
(positive)
benzene --+)

CYP2E1

[1] "Benzene was
reported to induce the
synthesis of cytochrome
P-450 2E1 ()."

Organism: Rattus norvegicus,
Title:
changes in rat liver microsomal membrane

Organ: liver,

Source:  Medscan, Age—dependent
functions under benzene
Authors: Sukhodub,A.L.;

Padalko,V.l., Journal: Mechanisms of Ageing

structure  and

treatment,

and Development, PubYear: 1999, ISSN:
0047-6374, DOI:
10.1016/S0047-6374(98)00120-1, PIl:
S0047-6374(98)00120-1, PMID: 10100155,

Reference: Age—dependent changes in rat liver
microsomal membrane structure and functions

under benzene treatment, Sukhodub,A.L.;
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Padalko,V.l., (1999), Mechanisms of Ageing and
Development, info:pmid/10100155#body:61
Organ: liver, CellType: peripheral lymphocyte,
. Source: Medscan, Title: CYP2E1 regulation by
[2] Acute ) . .
benzene and other small organic chemicals in
benzene treatment (5

mmol/kg bw) increased
both CYP2E1
apo—protein (2-fold) and
p-nitrophenol
hydroxylase activity
(1.4-fold) in liver, and
CYP2E1T mRNA in both

rat liver and peripheral lymphocytes., Authors:
Gonzalez-Jasso,E.; Lopez,T.; Lucas,D.;
Berthou,F.; Manno,M.; Ortega,A.; Albores,A.,
MedlineTA: Toxicol Lett, PubYear: 2003, ISSN:
0378-4274, DOI:
10.1016/s0378-4274(02)00337-5, PMID:
12919724, TextMods: 112: '(p-NPH)' - ",
Reference: CYP2E1 regulation by benzene and

liver  (2.2-fold) and ) . . .

) other small organic chemicals in rat liver and
peripheral  lymphocytes ) )
(2.9-fold)." peripheral lymphocytes., Gonzale.z—Jasso,E.;

Lopez,T. et al, (2003), Toxicol Lett,

info:pmid/129197244#abs:2

Source: Medscan, Title: Exposure to benzene in

various susceptible populations: Co—exposures

to 1,3-butadiene and PAHs and implications for

carcinogenic risk, Authors: Ruchirawat,M.;
[3] "Benzene  is | Navasumrit,P.; Settachan,D., Journal:
known to induce CYP2E1 | Chemico-Biological Interactions,  PubYear:
expression at both the | 2010, ISSN: 0009-2797, DOI:
transcriptional and | 10.1016/j.¢cbi.2009.12.026, Pl
translational levels, as | S0009-2797(09)00571-7, PMID: 20036649,
well as in terms of | Reference: Exposure to benzene in various

enzymatic activity."

susceptible  populations:
1,3-butadiene and PAHs
carcinogenic risk, Ruchirawat,M.; Navasumrit,P.

Co-exposures  to
and implications for

et al., (2010), Chemico-Biological Interactions,
info:pmid/200366494#body: 144

DirectRegulation
(positive)
benzene  --+)

CYP2E1

Acute

1] "
benzene treatment (5
mmol/kg bw) increased

both CYP2E1

Organ: liver, CellType: peripheral lymphocyte,
Source: Medscan, Title: CYP2E1 regulation by
benzene and other small organic chemicals in

rat liver and peripheral lymphocytes., Authors:
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apo-protein (2-fold) and
p-nitrophenol

Gonzalez-Jasso,E.; Lopez,T.; Lucas,D.;
Berthou,F.; Manno,M.; Ortega,A.; Albores,A.,
MedlineTA: Toxicol Lett, PubYear: 2003, ISSN:

polymorphisms (GSTM1,
GSTT1, GSTP1, NAT2,
NQO1 and CYP2E1) on
chromosomal
aberrations."

o 0378-4274, DOI:
) hydroxylase activity
Mechanism: o 10.1016/s0378-4274(02)00337-5, PMID:
_ (1.4-fold) in liver, and . ‘ "
direct , 12919724, TextMods: 112: '(p-NPH)' =) ",
) ] CYP2ET mRNA in both ]
interaction ) Reference: CYP2E1 regulation by benzene and
liver  (2.2-fold)  and _ , , _
) other small organic chemicals in rat liver and
peripheral lymphocytes . )
(2.9-fold)." peripheral lymphocytes., Gonzalez-Jasso,E.;
.9-fold).
Lopez,T. et al, (2003), Toxicol Lett,
info:pmid/129197244#abs:2
CellType:  lymphocyte, Organism: Homo
sapiens, Source: Medscan, Title: Chromosomal
[2] "In this study, | aberrations in workers exposed to low levels of
we examined the | benzene: association with genetic
specificity of | polymorphisms., Authors: Kim,S.Y.; Choi,J.K.;
benzene-induced | Cho,Y.H.; Chung,E.J.; Paek,D.; Chung,H.W.,
aneuploidy and  the | MedlineTA: Pharmacogenetics, PubYear: 2004,
influence of  genetic | ISSN: 0960-314X, DOI:

10.1097/01.fpc.0000114751.08559.7b, PMID:
15226677,
aberrations in workers exposed to low levels of
with

Choi,J.K.
Pharmacogenetics,

Reference: Chromosomal

association
Kim,S.Y.;

benzene: genetic

polymorphisms., et al,
(2004),

info:pmid/15226677#abs:3

[3] B o t h
co—exposures — 50 ppm
benzene with 50 or 100
ppm toluene - resulted
in significantly elevated
CYP2E1
did not occur following

activities that

benzene or toluene

exposure alone."

Tissue: urine, CellType: erythrocyte, Source:
Medscan, Title: Genotoxicity of intermittent
co—exposure to benzene and toluene in male

CD-1 mice., Authors: Wetmore,B.A.;
Struve,M.F.; Gao,P.; Sharma,S.; Allison,N.;
Roberts,K.C.; Letinski,D.J.; Nicolich,M.J.;

Bird,M.G.; Dorman,D.C., MedlineTA: Chem Biol
Interact, PubYear: 2008, ISSN: 0009-2797, DOI:
10.1016/j.¢cbi.2008.03.01210.1016/].cbi.2008.0

3.012, PMID: 18455711, Reference:
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Genotoxicity of intermittent co-exposure to
benzene and toluene in male CD-1 mice.,
Wetmore,B.A.; Struve,M.F. et al., (2008), Chem

Biol Interact, info:pmid/18455711#abs:11
Source: Medscan, Title: Combined effects of
[1] "In contrast, | exposure to styrene and ethanol on the auditory
the styrene and the | function in the rat, Authors: Loquet,G.;
styrene+ethanol | Campo,P.; Lataye,R.; Cossec,B.; Bonnet,P.,
. exposures induced a | Journal: Hearing Research, PubYear: 2000,

Regulation| = )

(positive) significant |r70.rease of | ISSN: 0378-5955, DOI:
styrena oy CYP2E1 activity, 0.36 | 10.1016/S0378-5955(00)00151-9, PII:
CYPIET nmol/min/mg of protein | S0378-5955(00)00151-9, PMID: 10978834,

( P=0.008) and 0.55
nmol/min/mg of protein
( P=0.0004),

Reference: Combined effects of exposure to
styrene and ethanol on the auditory function in
the rat, Loquet,G.; Campo,P. et al., (2000),

respectively.” Hearing Research,
info:pmid/10978834#body:116
Organ: airway, Organism: Mus musculus,

[2] "In the current

study, we examined
styrene—induced protein
adduction in CYP2E1 and

the wild-type cell lines."

Source: Medscan, Title: Evidence for cellular
protein covalent binding derived from styrene

metabolite, Authors: Yuan,W.; Jin,H.;
Chung,J.K.; Zheng,J., Journal:
Chemico—-Biological  Interactions,  PubYear:
2010, ISSN: 0009-2797, DOI:
10.1016/j.cbi.2010.05.004, Pl
S0009-2797(10)00319-4, PMID: 20470765,

Reference: Evidence for cellular protein covalent
from metabolite,
(2010),

Interactions,

binding derived styrene
Yuan,W.; Jin,H. et al.,
Chemico-Biological
info:pmid/20470765#body:169

[3] "Exposure  to
organic compounds,
such as toluene, xylene,
styrene, and

ethylbenzene, induces

Tissue: plasma, Organism: Homo sapiens,
Source: Medscan, Title: Effects of low-level
exposure to xenobiotics present in paints on
oxidative stress in workers, Authors: Moro,A.M.;
Charao,M.; Brucker,N.;

Bulcido,R.; Freitas,F.;
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Guerreiro,G.; Baierle,M.; Nascimento,S.;
Waechter,F.; Hirakata,V.; Linden,R.;

CYP 2E1 and leads to

generation of reactive
oxygen species and
epoxides ()."

Thiesen,F.V.; Garcia,S.C., Journal: Science of
the Total Environment, PubYear: 2010, ISSN:

0048-9697, DOI:
10.1016/].scitotenv.2010.06.058, PII:
S0048-9697(10)00663-7, PMID: 20655097,
TextMods: 126: 'ROS' -) 'reactive oxygen
species, Reference: Effects of low-level
exposure to xenobiotics present in paints on
oxidative stress in  workers, Moro,A.M.;

Chardo,M. et al., (2010), Science of the Total
Environment, info:pmid/20655097#body:154

ChemicalReacti
on CYP2E1 -)-)
styrene

[1] "In our review

genetic polymorphism of
styrene—-metabolizing

enzymes such as
CYP2ET1, microsomal
epoxide hydrolase,

glutathione-S-transferas
e M1, and GSTT1 were
found to modulate the
levels of urinary
metabolite
concentrations and

cytogenetic endpoints.”

Title: The
cytokinesis—block micronucleus (CBMN) assay

Tissue: urine, Source: Medscan,
in human populations exposed to styrene: A

systematic review and meta—analysis, Authors:

Costa,S.;  Ceppi,M.;  Costa,C.;  Silva,S.;
Pereira,C.; Laffon,B.; Bonassi,S.; Teixeira,J.P.,
Journal:  Mutation  Research—Reviews in
Mutation Research, PubYear: 2016, ISSN:

1383-5742, DOI: 10.1016/j.mrrev.2016.06.003,
Pll:  S1383-5742(16)30056-4, PMID: 971,
TextMods: 139: '(GST)' -) ", Reference: The
cytokinesis—block micronucleus (CBMN) assay
in human populations exposed to styrene: A
systematic review and meta—analysis, Costa,S.;
Ceppi,M. (2016), Mutation
Research—Reviews in  Mutation Research,
info:doi/10.1016/j.mrrev.2016.06.003#body: 189

et al.,

(2] "Styrene is
metabolized to styrene
oxide mainly by
CYP2B6 followed by
CYP1A2, CYP2E1 and
CYP2C8."

Source: Medscan, Title: Specific DNA adducts
induced by some mono-substitued epoxides in
vitro and in vivo, Authors: Koskinen,M.; PIna,K.,

Journal: Chemico—Biological Interactions,
PubYear: 2000, ISSN: 0009-2797, DOI:
10.1016/S0009-2797(00)00206-4, PIl:
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Source

S0009-2797(00)00206-4, PMID: 11137062,
TextMods: 40: (SO)' -) ", Reference: Specific
DNA adducts by
mono-substitued epoxides in vitro and in vivo,
Koskinen,M.; PIn4,K., (2000), Chemico-Biological
Interactions, info:pmid/11137062#body:19

induced some

(3]

genetic  polymorphisms

"The subjects'

in the genes that encode

Tissue: urine, Source: Medscan, Title: Influence
of genetic polymorphisms of
styrene—metabolizing enzymes and smoking
habits on levels of urinary metabolites after
occupational exposure to styrene., Authors:

Ma,M.; Umemura,T.; Mori,Y.; Gong,Y.; Saijo,Y.;

ChemicalReacti

on CYP2E1 -)-)

trichloroethylen

e

t h
o © Sata,F.; Kawai,T.; Kishi,R., MedlineTA: Toxicol
styrene—-metabolizing
Lett, PubYear: 2005, ISSN: 0378-4274, DOI:
enzymes CYP2E1, ]
10.1016/].toxlet.2005.06.011, PMID: 16125881,
CYP2BS6, EPHX1, ) .
Reference: Influence of genetic polymorphisms
GSTM1, GSTT1  and . .
of styrene-metabolizing enzymes and smoking
GSTP1 were ) ! .
) . habits on levels of urinary metabolites after
determined. )
occupational exposure to styrene., Ma,M.;
Umemura,T. et al., (2005), Toxicol Lett,
info:pmid/161258814#abs:4
CellType: CD4+ T—cell, Source: Medscan, Title:
Postnatal exposure to trichloroethylene alters
[1] glutathione redox homeostasis, methylation
"Trichloroethylene is | potential, and neurotrophin expression in the

metabolized primarily by
the cytochrome P-450s

isoform CYP2E1 to a
trichloroethylene  oxide
intermediate, which

spontaneously
rearranges to
trichloroacetaldehyde
hydrate."

mouse hippocampus, Authors: Blossom,S.J.;

Melnyk,S.; Cooney,C.A; Gilbert,K.M.;
James,S.J., Journal: Neurotoxicology, PubYear:
2012, ISSN: 0161-813X, DOI:
10.1016/j.neur0.2012.02.017, PIl:

S0161-813X(12)00062-9, TextMods: 0: TCE' -)
160: ‘TCAH' -
hydrate’,  Reference:

Trichloroethylene'

'‘trichloroacetaldehyde
Postnatal exposure to trichloroethylene alters
redox homeostasis,

glutathione methylation

potential, and neurotrophin expression in the
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mouse hippocampus, Blossom,S.J.; Melnyk,S.
et al., (2012), Neurotoxicology,
info:doi/10.1016/j.neur0.2012.02.017#body:168

(2]

"Trichloroethylene as a
chlorinated solvent that
used for
the
parts or lenses is mainly

metabolized by CYP2E1."

has been

degreasing metal

Source: Medscan, Title: Differential response to
trichloroethylene—induced hepatosteatosis in
wild-type and  PPARa-humanized mice,
Authors: Ramdhan,D.H.; Kamijima,M.; Wang,D.;
[to,Y.; Hayashi,Y.;  Naito,H.;
Gonzalez,F.J.. Nakajima,T., Journal: Toxicology
Letters, PubYear: 2010, ISSN: 0378-4274, DOI:
10.1016/].toxlet.2010.03.709, PII:
S0378-4274(10)00838-6, TextMods: 18: '(TRI)'
-)
trichloroethylene—induced hepatosteatosis
PPARa—-humanized

Kamijima, M.

Yanagiba,Y.;

Reference: Differential response to
in
wild-type  and mice,
Ramdhan,D.H.; (2010),
Toxicology Letters,

info:doi/10.1016/].toxlet.2010.03.7094body: 1

et al,

(3]

"Trichloroethylene is

by the
P450,

primarily cytochrome

P450 2E1 (CYP2ET)."

metabolized
cytochromes

Organ: immune system, Organism: Homo
sapiens, Source: Medscan, Title: Inhibition of
CYP2E1 reverses CD4+ T-cell alterations in
trichloroethylene—treated MRL+/+ mice.,
Authors: Griffin,d.M.; Gilbert,K.M.;
Pumford,N.R., MedlineTA: Toxicol Sci, PubYear:
2000, ISSN: 1096-6080, DOI:
10.1093/toxsci/54.2.384, PMID: 10774820,
Reference: Inhibition of CYP2E1 reverses CD4+
T-cell alterations in trichloroethylene-treated
MRL+/+ mice., Griffin,J.M.; Gilbert,K.M. et al.,
(2000), Toxicol Sci, info:pmid/10774820#abs:4

Regulation
(unknown)
trichloroethylen
e ——) CYP2E"

[1] "B o t h
trichloroethylene and
methanol  significantly
induced CYP2E1

liver."

in rat

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Trichloroethylene
inhibits aldehyde dehydrogenase only for

aliphatic aldehydes of short chains in rats.,
Authors: Wang,R.S.; Nakajima,T.; Honma,T.,

188




4

Ju
_

Regulation
type

Citation

Source

MedlineTA: Toxicology, PubYear: 1999, ISSN:

0300-483X, DOI:
10.1016/s0300-483x(98)00132-2, PMID:
10199577, TextMods: 5: TCE' -

‘trichloroethylene’, Reference: Trichloroethylene
inhibits
aliphatic aldehydes of short chains in rats.,
Wang,R.S.; Nakajima,T. et al, (1999),
Toxicology, info:pmid/10199577#abs:8

aldehyde dehydrogenase only for

(2]
"trichloroethylene
caused slight histological

changes in efferent
ductule epithelium,
coinciding  with  the
previously reported
ductule localization of

cytochrome P450 2E1."

Tissue: efferent ductule epithelium, Source:
Medscan, Title: Male reproductive toxicity of
trichloroethylene: sperm protein oxidation and

decreased fertilizing ability., Authors:
DuTeaux,S.B.; Berger,T.; Hess,R.A.;
Sartini,B.L.;  Miller,M.G., MedlineTA:  Biol
Reprod, PubYear: 2004, ISSN: 0006-3363, DOI:
10.1095/biolreprod.103.022210, PMID:
14736810, TextMods: 0: TCE' -
trichloroethylene’, Reference: Male

reproductive toxicity of trichloroethylene: sperm
protein oxidation and decreased fertilizing
ability., DuTeaux,S.B.; Berger,T. et al., (2004),
Biol Reprod, info:pmid/14736810#abs:5

[3] "However,
trichloroethylene
treatment resulted in a
loss of immunoreactive
CYP2E1 and CYP2F2
proteins and
p-nitrophenol
hydroxylation, a catalytic
activity associated with
both cytochrome P450
enzymes."

Organ: lung, Source: Medscan, Title: Pulmonary

bronchiolar cytotoxicity and formation of
dichloroacetyl lysine protein adducts in mice
treated  with  trichloroethylene.,  Authors:
Forkert,P.G.; Millen,B.; Lash,L.H.; Putt,D.A,;
Ghanayem,B.I., MedlineTA: J Pharmacol Exp
Ther, PubYear: 2006, ISSN: 0022-3565, DOI:
10.1124/jpet.105.093062, PMID: 16269531,
TextMods: 9: 'TCE' -) ‘trichloroethylene’,
Reference: Pulmonary bronchiolar cytotoxicity
and formation of dichloroacetyl lysine protein
adducts in mice treated with trichloroethylene.,

Forkert,P.G.; Millen,B. et al, (2006), J
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Pharmacol Exp Ther,
info:pmid/ 1626953 14#abs:8
Source: Medscan, Title: Trichloroethylene

Regulation
(positive)
trichloroethylen

e -—+)
neurodegenerati
on

(1]
"Trichloroethylene
induces  dopaminergic
neurodegeneration in
Fisher 344 rats."

induces dopaminergic neurodegeneration in
Fisher 344 rats., Authors: Liu,M.; Choi,D.Y.;

Hunter,R.L.; Pandya,J.D.; Cass,W.A.;
Sullivan,P.G.; Kim,H.C.; Gash,D.M.; Bing,G.,
MedlineTA: J Neurochem, PubYear: 2010,
ESSN: 1471-4159, DOI:

10.1111/j.1471-4159.2009.06497 .x10.1111/j.1
471-4159.2009.06497.x, PMID: 19922440,
Reference: Trichloroethylene induces
dopaminergic neurodegeneration in Fisher 344
rats., Liu,M.; Choi,D.Y. et al., (2010), J
Neurochem, info:pmid/199224404title:1

[2] "To determine
i f
trichloroethylene-induce
d neurodegeneration
was associated  with
mitochondrial
dysfunction,
mitochondrial ~ enzyme

activity was measured."

Organ: substantia nigra, Source: Medscan, Title:

Trichloroethylene and  Parkinson Disease,
Authors:  Zaheer,F.;  Slevin,J.T.,  Journal:
Neurologic Clinics, PubYear: 2011, ISSN:

0733-8619, DOI: 10.1016/j.ncl.2011.05.001,
PIl: S0733-8619(11)00035-1, PMID: 21803216,

TextMods: 16: 'TCE' =) ‘trichloroethylene’,
Reference: Trichloroethylene and Parkinson
Disease, Zaheer,F.;  Slevin,J.T., (2011),

Neurologic Clinics, info:pmid/21803216#body:101

(3]
"Trichloroethylene
induces  dopaminergic
neurodegeneration in
Fisher 344 rats."

Source: Medscan, Title: Environmental toxins
Authors:
Review of

and Parkinson's disease,
Goldman,S.M.,
Pharmacology and Toxicology, PubYear: 2014,
ISSN: 0362-1642, ESSN: 1545-4304, DOI:
10.1146/annurev-pharmtox-011613-135937,
EMBASE: 2014022445, PUI: 372078077, PMID:
24050700, Reference: Environmental toxins and
Goldman,S.M., (2014),
Annual Review of Pharmacology and Toxicology,

info:pmid/24050700#cont:1110

Journal:  Annual

Parkinson's disease,
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Source: Medscan, Title: Potential biomarkers of
trichloroethylene and toluene exposure in
Corbicula  fluminea,  Authors:  Vidal,M.L.;
[1] "Oxidative | Basséres,A.; Narbonne,J.F., Journal:
stress induced by | Environmental Toxicology and Pharmacology,

Regulation
(positive)
trichloroethylen
e ——+) oxidative
stress

trichloroethylene and/or
its metabolites seemed
to occur as we observed
a significant increase of
catalase activity at 1.2
and 3.6 mg/| paralleled
by an increase of PL
level."

PubYear: 2001, ISSN: 1382-6689, DOI:
10.1016/51382-6689(00)00068-5, PII:
51382-6689(00)00068-5, TextMods: 28: TCE'
-) 'trichloroethylene’ 126: 'CAT' -) 'catalase’,
Reference:

Potential biomarkers of

trichloroethylene and toluene exposure in
Corbicula fluminea, Vidal,M.L.; Basséres,A. et
al., (2001), Toxicology and
P h ar m ac¢c ol o g vy

info:doi/10.1016/S1382-6689(00)00068-5#bod

y:135

Environmental

[2] "Antioxidant
butylated
hydroxytoluene exhibited
an inhibitory effect on
mitochondrial  oxidative

damage induced by Triol,

CellType: macrophage, Source: Medscan, Title:
Cholestane-38,5a,63-triol-induced
oxygen

reactive

species production promotes
mitochondrial dysfunction in isolated mice liver
Authors:  Liu,H.;  Wang,T.;
Huang,K., Journal: Chemico-Biological
Interactions, PubYear: 2009, ISSN: 0009-2797,
DOI: 10.1016/j.cbi.2008.12.003, Pl
S0009-2797(08)00662-5, TextMods: 12: 'BHT'

-) 'butylated hydroxytoluene' 151: 'ROS' -)

mitochondria,

further suggesting the | 'reactive oxygen species’, Reference:
role of reactive oxygen | Cholestane—-33,5a,63-triol-induced reactive
species.” oxygen species production promotes
mitochondrial dysfunction in isolated mice liver
mitochondria, Liu,H.; Wang,T. et al., (2009),
Chemico-Biological Interactions,
info:doi/10.1016/j.cbi.2008.12.003#body:133
[3] "Thus, it was | CellType: stem cell, Source: Medscan, Title:
hypothesized that | Mechanism of T cell programming by
trichloroethylene | trichloroethylene, Authors: Blossom,S.;
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Gilbert,K.;  Gomez-Acevedo,H.;  Ashley,N.,
Journal: Toxicology Letters, PubYear: 2010,
ISSN: 0378-4274, DOI:

promoted thymic | 10.1016/].toxlet.2010.03.685, Pl

oxidative  stress  to | S0378-4274(10)00814-3, TextMods: 31: 'TCE'

promote T cell | =) 'trichloroethylene’, Reference: Mechanism of

differentiation.” T cell programming by trichloroethylene,
Blossom,S.; Gilbert,K. et al., (2010), Toxicology
L e t t e r S
info:doi/10.1016/].toxlet.2010.03.685#body:7
CellType: leukocyte, Source: Medscan, Title:
Genotoxicity of styrene—7,8-oxide and styrene

[1] "The data | in Fisher 344 rats: A 4-week inhalation study,

obtained with the | Authors: Gaté,L.; Micillino,J.C.; Sébillaud,S.;

formamidopyrimidine | Langlais,C.; Cosnier,F.; Nunge,H.; Darne,C.;

D N A | Guichard,Y.; Binet,S., Journal: Toxicology

Regulation
(positive)
styrene  ——+)

oxidative stress

glycosylase-modified
comet assay may also

suggest that styrene
inhalation may be
responsible  for  an

oxidative stress in white
blood cells."

Letters, PubYear: 2012, ISSN: 0378-4274, DOI:
10.1016/].toxlet.2012.03.796, PIl:
S0378-4274(12)00898-3, TextMods: 27: 'Fpg'
-

Reference: Genotoxicity of styrene-7,8-oxide

‘formamidopyrimidine DNA  glycosylase',

and styrene in Fisher 344 rats: A 4-week
inhalation study, Gaté,L.; Micillino,J.C. et al.,
(2012), Toxicology Letters,
info:doi/10.1016/j.toxlet.2012.03.796#body: 160

[2] "Reported data

indicate that both
styrene and its
metabolite SO can

induce oxidative stress,
which is known to act in
with
mitochondrial

concert

dysfunctions.”

CellLineName: sk-n-mc, CellType: cerebellar
granule cell, Source: Medscan, Title: Styrene
7,8-oxide induces mitochondrial damage and
oxidative stress in neurons, Authors: Daré,E.;

Tofighi,R.; Nutt,L.; Vettori,M.V.; Emgard,M.;
Mutti,A.; Ceccatelli,S., Journal: Toxicology,
PubYear: 2004, ISSN: 0300-483X, DOI:
10.1016/j.tox.2004.04.010, PIl:
S0300-483X(04)00243-4, PMID: 15297027,
Reference:  Styrene  7,8-oxide  induces

mitochondrial damage and oxidative stress in
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neurons, Daré,E.; Tofighi,R. et al., (2004),
Toxicology, info:pmid/152970274#body:11

[3] "Several
of evidence suggest that

lines

and its
SO
induce oxidative stress."

styrene

metabolite can

CellLineName: sk-n-mc, CellType: neuron,
Organism: Homo sapiens, Source: Medscan,
Title: Analysis of oxidative stress in SK-N-MC
neurons exposed to  styrene—7,8-oxide,
Authors: Vettori,M.V.; Caglieri,A.; Goldoni,M.;
Castoldi,A.F.; Darée,E.; Alinovi,R.; Ceccatelli,S.;
Mutti,A., Journal: Toxicology in Vitro, PubYear:
2005, ISSN: 0887-2333, DOI:
10.1016/].tiv.2004.04.015, PIl:
S0887-2333(04)00088-8, PMID: 15582351,
Reference: Analysis of oxidative stress in
SK-N-MC
styrene—7,8-oxide, Vettori,M.V.; Caglieri,A. et
al., (2005), Toxicology in Vitro,

info:pmid/ 15582351 #body:17

neurons exposed to

Regulation
(positive)
benzene ——+)

oxidative stress

[1] "Additionally,
benzene induces
oxidative stress in
exposed humans,

human cells, and mouse

bone marrow."

Tissue: bone marrow, Organism: Homo sapiens,

Source: Medscan, Title: Carcinogenicity of
benzene, Authors: Loomis,D.; Guyton,K.Z.;
Grosse,Y..  El  Ghissassi,F.;  Bouvard,V.;
Benbrahim-Tallaa,L..  Guha,N.;  Vilahur,N.;
Mattock,H.; Straif,K., Journal: The Lancet

Oncology, PubYear: 2017, ISSN: 1470-2045,
DOI:  10.1016/51470-2045(17)30832-X, PII:
S$1470-2045(17)30832-X, PMID: 1129,
Reference:  Carcinogenicity — of  benzene,
(2017), The
Lancet Oncology,
info:doi/10.1016/51470-2045(17)30832-X#bod
y:33

Loomis,D.; Guyton,K.Z. et al,

(2] "This is
because tobacco smoke
contains more than 7000

chemical  compounds,

Tissue: intraabdominal fat, Source: Medscan,
Title: A Study of the Feasibility of FDG-PET/CT
Detect and

Effects of

to  Systematically Quantify

Differential Metabolic Chronic
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lead to cellular oxidative
stress, receptor binding,
genetic mutations,
release of
proinflammatory
cytokines and
chemokines, and
subsequent
development of disease
conditions in  various

organ systems of the

Regulation -
9 Citation Source
type
] ) o Tobacco Use in Organs of the Whole Body-A
including nicotine, ) ] o
) Prospective Pilot Study, Authors: Torigian,D.A.;
cyanide, benzene, ) )
Green-McKenzie,J.; Liu,X.; Shofer,F.S.;
benzopyrene, . _ i .
i Werner,T.; Smith,C.E.; Strasser,A.A.;
formaldehyde, ammonia, )
i ) Moghbel,M.C.; Parekh,A.H.; Choi,G.;
and nitrogen oxide ) }
) Goncalves,M.D.;  Spaccarelli,N.;  Gholami,S.;
among others, which

Kumar,P.S.; Tong,Y.; Udupa,J.K.; Mesaros,C.;
Alavi,A., Journal: Academic Radiology, PubYear:

2016, ISSN: 1076-6332, DOl
10.1016/j.acra.2016.09.003, PII:
S$1076-6332(16)30231-8, PMID: 912,

Reference: A Study of the Feasibility of
FDG-PET/CT to Systematically Detect and
Quantify Differential Metabolic Effects of
Chronic Tobacco Use in Organs of the Whole
Body-A Prospective Pilot Study, Torigian,D.A.;
Green-McKenzie,J. et al., (2016), Academic

body.” R a d i 0 | o} g y
ody.
Y info:doi/10.1016/].acra.2016.09.003#body:75
Tissue: blood, Organism: Homo sapiens,
Source: Medscan, Title: Effect of benzene on
the cerebellar structure and behavioral
characteristics in rats, Authors: Rafati,A.;
Erfanizadeh,M.; Noorafshan,A.;
. Karbalay-Doust,S.,  Journal:  Asian  Pacific
[3] Benzene also ) . .
. o Journal of Tropical Biomedicine, PubYear: 2015,
induces oxidative
. | ISSN: 2221-1691, DOI:
damage and apoptosis in o
10.1016/j.apjtb.2015.05.002, PII:

the nervous system.”

S2221-1691(15)00083-0, Reference: Effect of

benzene on the cerebellar structure and

behavioral characteristics in rats, Rafati,A.;
Erfanizadeh,M. et al., (2015), Asian Pacific
Journal of Tropical Biomedicine,

info:doi/10.1016/j.apjtb.2015.05.0024body:4

Regulation
(positive)

[1] T h e
antioxidant capacity of

Tissue: mucous membrane, Source: Medscan,

Title: Pomegranate consumption and blood
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the active ingredients of ]
| pressure: A review, Authors: Asgary,S.;
pomegranate fruit i
Keshvari,M.;  Sarrafzadegan,N.; Sahebkar,A.;
extract have been shown )
) ) i Sahebkar,A., Journal: Current Pharmaceutical
in  previous  studies, .
i | Design, PubYear: 2017, ISSN: 1381-6128,
suggesting their
) . ESSN: 1873-4286, DOI:
preventive and curative
, 10.2174/1381612822666161010103339,
acetone  ——+) | role in gastro-mucosal
o L EMBASE: 20170441029, PUI: 616791135,
oxidative stress | injuries, cancer ,
) Reference: Pomegranate consumption and
chemoprevention, )
blood pressure: A  review, Asgary,S.;
ethanol-and ]
] Keshvari,M. et al, (2017), Current
acetone-induced ] ]
Pharmaceutical Design,

ulceration and diabetic

info:doi/10.2174/138161282266616101010333

oxidative damage

" 9#cont:370
[45-47].
(2] "Application of

Myrica nagi at doses of
2.0 mg and 4.0 mg/kg
body weight in acetone
prior to that of cumene
(30
mg/animal/0.2 ml

hydroperoxide
acetone) treatment
resulted in significant
inhibition  of
hydroperoxide—induced

cumene
cutaneous oxidative
stress and toxicity in a
dose-dependent
manner."

Organ: skin, Source: Medscan, Title: Myrica nagi

attenuates cumene  hydroperoxide-induced
cutaneous oxidative stress and toxicity in Swiss
albino  mice., Authors: Alam,A.; Igbal,M.;

Saleem,M.; Ahmed,S.; Sultana,S., MedlineTA:

Pharmacol Toxicol, PubYear: 2000, ISSN:
0901-9928, DOI:
10.1034/j.1600-0773.2000.d01-37.x,  PMID:

10862502, Reference: Myrica nagi attenuates

cumene hydroperoxide—induced  cutaneous
oxidative stress and toxicity in Swiss albino
mice., Alam,A.; Igbal,M. et al., (2000),

Pharmacol Toxicol, info:pmid/10862502#abs:6

[3] "Acetone may
induce oxidative stress
leading to disturbance of
the
physiological ~ functions
blood

affecting

biochemical and

of red cells

thereby

Source: Medscan, Title: Vitamin E protects

against acetone-induced oxidative stress in rat

red blood cells., Authors: Armutcuy,F.;
Coskun,O.; Giurel, A;;  Sahin,S.; Kanter,M.;
Cihan,A.; Numanoglu,K.V.; Altinyazar,C.,

MedlineTA: Cell Biol Toxicol, PubYear: 2005,
ISSN: 0742-2091, DOI:

195



— = =
Regulation Citation Source
type

10.1007/s10565-005-1781-y, PMID:
15868488, TextMods: 125: '(RBCs) -) ",
Reference: Vitamin E protects against

membrane integrity." acetone-induced oxidative stress in rat red
blood cells., Armutcu,F.; Coskun,O. et al,
(2005), Cell Biol Toxicol,

info:pmid/15868488#abs: 1

Regulation
(unknown)
)

oxidative stress

hexane

(1] "As above,
n—hexane insoluble
fraction prominently

up-regulated antioxidant
enzyme genes,
indicating that n—hexane
insoluble fraction
strongly causes oxidative

stress."

Source: Medscan, Title: Microarray analysis of
gene expression in rat alveolar epithelial cells
exposed to fractionated organic extracts of
diesel exhaust particles, Authors: Omura,S.;

Koike,E.; Kobayashi,T., Journal: Toxicology,
PubYear: 2009, ISSN: 0300-483X, DOI:
10.1016/j.tox.2009.05.012, PIl:
S0300-483X(09)00245-5, PMID: 19465080,

TextMods: 10: 'n=HISF' =) 'n-hexane insoluble
fraction' 105: 'n-HISF' -) 'n—hexane insoluble
fraction’, Reference: Microarray analysis of gene
expression in rat alveolar epithelial cells
exposed to fractionated organic extracts of
diesel exhaust particles, Omura,S.; Koike,E. et
al., (2009),

info:pmid/19465080#body: 141

Toxicology,

(2]
carried out indicated that
both the hexane and the
chloroform extracts of C.

"All the assays

zedoaria induce oxidative
stress at the dose range
between 200 and 1600 u
g/mL."

Source: Medscan, Title: Rhizome extracts of

Curcuma zedoaria Rosc induce caspase
dependant apoptosis via generation of reactive
oxygen species in filarial parasite Setaria digitata
Authors: Senathilake,K.S.;
Karunanayake,E.H.; Samarakoon,S.R.;
Silva,E.D.,

PubYear:

in vitro,
de
Experimental Parasitology,
ISSN: 0014-4894,
10.1016/j.exppara.2016.05.002, PIl:
S0014-4894(16)30092-3, PMID: 27174667,
Reference: Rhizome extracts of Curcuma

Journal:
2016,
DOI:

Tennekoon,K.H.;

zedoaria Rosc induce caspase dependant
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apoptosis via generation of reactive oxygen
species in filarial parasite Setaria digitata in vitro,
Senathilake,K.S.; Karunanayake,E.H. et al.,
(2016), Experimental Parasitology,
info:pmid/27174667#body:154
Organ: liver, Organism: Rattus norvegicus,
. Source: Medscan, Title: Metabolic interaction of
[1] Methyl ethyl S
n—hexane and methyl ethyl ketone in vitro in a
ketone pretreatment : . G
_ ) head space rat liver S9 vial equilibration
induced rat liver
. system., Authors: Mortensen,B.; Zahlsen,K.;
MolSynthesis | cytochrome P450 and s _ )
( c 1 4 anificantl Nilsen,0.G., MedlineTA: Pharmacol Toxicol,
unknown) | increase significan
o 9 _ Y PubYear: 1998, ISSN: 0901-9928, DOI:
2-butanone | the in vitro metabolism )
10.1111/j.1600-0773.1998.tb01400.x, PMID:
---) hexane of n-hexane and the o )
. 9498234, Reference: Metabolic interaction of
formation of

2,5-hexanedione in rat
liver S9."

n—hexane and methyl ethyl ketone in vitro in a
head space rat liver S9 vial equilibration system.,
Mortensen,B.; Zahlsen,K. et al, (1998),
Pharmacol Toxicol, info:pmid/9498234#abs:1

MolSynthesis
(positive)
acetone  —-+)

styrene

[1] "The presence
of acetone in the mixture
decreased the efficiency
of styrene degradation
and its degradation rate
at high loadings."

Source: Medscan, Title: Effect of loading types
on performance characteristics of a trickle—bed
bioreactor and biofilter during styrene/acetone
biofiltration.,  Authors:  Halecky,M.;
Kozliak,E.; Jones,K., MedlineTA: J
Environ Sci Health A Tox Hazard Subst Environ
Eng, PubYear: 2016, ESSN: 1532-4117, DOI:
10.1080/10934529.2016.115988210.1080/109
34529.2016.1159882, PMID: 27089477,
Effect of loading types on
performance characteristics of a trickle—bed

vapor
Paca,J.;

Reference:

bioreactor and biofilter during styrene/acetone
vapor biofiltration., Halecky,M.; Paca,J. et al.,
(2016), J Environ Sci Health A Tox Hazard Subst
Environ Eng, info:pmid/270894774#abs:6

MolSynthesis
(positive)

styrene -—+)

[1] "The estimated
interaction  parameters
indicated that the

Source: Medscan, Title: Kinetics and simulations
the
biodegradation of benzene, toluene, p-xylene

of  substrate interactions  during
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and styrene., Authors: Song,J.;
Shin,S.;Jang,H.S.;Hwang,S.J.,  MedlineTA: J
) Environ Sci Health A Tox Hazard Subst Environ
degradation of benzene
. Eng, PubYear: 2012, ESSN: 1532-4117, DOI:
was substantially
o . 10.1080/10934529.2012.66732010.1080/1093
inhibited in the presence
4529.2012.667320, PMID: 22486672,
benzene of styrene, whereas the

degradation of styrene

Reference: Kinetics and simulations of substrate

hinders the delivery of
trichloroethylene to the
nanoparticle surface.”

. interactions during the biodegradation of
was strongly stimulated
. benzene, toluene, p-xylene and styrene.,
by toluene. ) i i
Song,J.; Shin,S. et al., (2012), J Environ Sci
Health A Tox Hazard Subst Environ Eng,
info:pmid/22486672#abs:7
Organ: head, Source: Medscan, Title:
Degradation of soil-sorbed trichloroethylene by
stabilized zero valent iron nanoparticles: Effects
. o of sorption, surfactants, and natural organic
[1] In  addition,
. matter, Authors: Zhang,M.; He,F.; Zhao,D.;
sodium dodecyl benzene
Hao,X., Journal: Water Research, PubYear:
sulfonate as a
) ) 2011, ISSN: 0043-1354, DOI:
MolTransport | trichloroethylene carrier )
, , ) i 10.1016/j.watres.2011.01.028, PII:
(negative)|is likely subject to
S0043-1354(11)00043-1, PMID: 21376362,
benzene  —---| | greater mass transfer : . L
i ) TextMods: 13: 'SDBS' -) 'sodium dodecyl
trichloroethylen | resistance due to the . —
, ) benzene sulfonate 51: TCE -
e benzene ring, which |, | , : ,
trichloroethylene 186: TCE -

‘trichloroethylene’, Reference: Degradation of
soil-sorbed trichloroethylene by stabilized zero
valent iron nanoparticles: Effects of sorption,
surfactants, and natural organic matter,
Zhang,M.; He,F. et al., (2011), Water Research,
info:pmid/21376362#body:218

MolSynthesis
(positive)
trichloroethylen
e ——+) benzene

"The formation

(1]

of phenol and

hydroquinone from
benzene was enhanced
to different degree by
and

toluene, benzene

Source: Medscan, Title: Effect of exposure to
four organic solvents on hepatic cytochrome
P450 isozymes in rat., Authors: Wang,R.S.;
Nakajima,T.; Tsuruta,H.; Honma,T., MedlineTA:
Chem Biol Interact, PubYear: 1996, [ISSN:
0009-2797, DOI: 10.1016/0009-2797(95)03673-3,
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trichloroethylene."

Source
PMID: 8620572, TextMods: 111: 'TRI' -)
‘trichloroethylene’,  Reference:  Effect  of

exposure to four organic solvents on hepatic
cytochrome P450 isozymes in rat., Wang,R.S.;
Nakajima,T. et al., (1996), Chem Biol Interact,
info:pmid/8620572#abs: 11

MolSynthesis
(unknown)
2-butanone
-—-) hexane

(1] "Methyl  ethyl
ketone pretreatment
induced rat liver

cytochrome P450 and
increased  significantly
the in vitro metabolism
the

formation of

of n-hexane and

2,5-hexanedione in rat
liver S9."

Organ: liver, Organism: Rattus norvegicus,
Source: Medscan, Title: Metabolic interaction of
n—hexane and methyl ethyl ketone in vitro in a
S9 vial equilibration
Mortensen,B.; Zahlsen,K.;
Nilsen,0.G., MedlineTA: Pharmacol Toxicol,
PubYear: 1998, ISSN: 0901-9928, DOI:
10.1111/j.1600-0773.1998.tb01400.x,  PMID:
9498234, Reference: Metabolic interaction of

n—hexane and methyl ethyl ketone in vitro in a

head space rat liver

system., Authors:

head space rat liver S9 vial equilibration system.,
Mortensen,B.; Zahlsen,K. et al., (1998),
Pharmacol Toxicol, info:pmid/9498234#abs:1
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®
Regulation type Citation Source
Source:  Medscan, Title:

(positive)
calcium oxide ——+) silica

MolSynthesis

[1] "As lime kiln dust is
mixed with moist soil, the
hydration of calcium oxide
causes the formation of
(Ca(OH) 2), and disassociation
(Ca(OH) 2)

dissolution

of favors

of silica and

alumina in fly ash."

Stabilization of recycled base
materials with high carbon fly
ash, Authors:
Cetin,B.;Aydilek,A.H.;Guney,

Y.,  Journal: Resources,
Conservation & Recycling,
PubYear: 2010, ISSN:
0921-3449, DOI:

10.1016/j.resconrec.2010.01.
007, PII:
S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust' 75: (Ca0)' -y ",
Stabilization

Reference: of
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Citation

Source

recycled base materials with
high carbon fly ash, Cetin,B.;

Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling

info:doi/10.1016/j.resconrec.
2010.01.007#body:114

MolSynthesis (positive) silica
-—+) hematite

(1]

of e-Fe203 is quite complex,

the production
generally involving particle
formation in a mesoporous
amorphous silica matrix and
subsequent removal of silica

Source: Medscan, Title: Ca—Al
double-substituted strontium
with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.:Ro
slyakov,|.V.;Vasiliev,A.V.;Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.;Kozlyakova,E.S.;Din
nebier,R.E.;Jansen,M.,

hexaferrites

Journal: Chemical
Communications,  PubYear:
2017, ISSN:  1359-7345,
ESSN:  1364-548X, DOL:

10.1039/¢7¢cc08675j,
EMBASE: 20180034749, PUI:
620205390, PMID:
29260161, Reference: Ca-Al
double-substituted strontium
with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/292601614#cont:21

hexaferrites

Regulation (positive) silica

—-—+) atherosclerosis

[1] "Chronic

inflammation may  arise

because of persistent
infection by certain
microorganisms, such as
tubercle bacilli or Treponema
syphilis)

pallidum (causing

Tissue: plasma, Organ:
globus  pallidus,  Source:
Medscan, Title: Molecular
mechanisms of

aging-associated
inflammation, Authors:
Sarkar,D.;Fisher,P.B.,
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Regulation type Citation Source
Journal: ~ Cancer  Letters,
o PubYear: 2006, ISSN:
that are of low toxicity and

. , 0304-3835, DOI:

evoke an immune reaction; ,
10.1016/j.canlet.2005.04.009
prolonged exposure to PIl:

potentially toxic agents, either
exogenous such as silica, or
endogenous such as plasma
lipid components resulting in
atherosclerosis; or
autoimmunity such as

rheumatoid arthritis. "

S0304-3835(05)00365-4,
PMID: 15978720, Reference:
Molecular mechanisms  of
aging-associated
inflammation, Sarkar,D.;
Fisher,P.B., (2006),
L e t t e r s

info:pmid/15978720#body:42

Cancer

[2] "Carotid
atherosclerotic lesions were
induced by
constrictive

perivascular
silica  collars
placed on the left common
carotid arteries . "

Organ: carotid artery, Source:
Title:
imaging

Medscan,
Micro-ultrasound
assessment of carotid plague

characteristics in
apolipoprotein—E knockout
mice, Authors:

Ni,M.:Zhang,M.:Ding,S.F.;Ch
en,W.Q.;Zhang,Y.,  Journal:
Atherosclerosis, PubYear:
2008, ISSN: 0021-9150, DOI:
10.1016/j.atherosclerosis.20
07.07.039, PIl:
S0021-9150(07)00488~-1,
PMID: 17870080, Reference:
Micro-ultrasound imaging
assessment of carotid plague
characteristics in
apolipoprotein—E knockout
mice, Ni,M.; Zhang,M. et al,,
(2008), Atherosclerosis,
info:pmid/17870080#body:12

[3] "As described by

Tissue: tunica adventitia,
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Citation

Source

von der Thiisen (37), carotid
atherosclerotic lesions were
induced by a perivascular
silica collar of 3-mm length
and 0.3-mm internal
diameter placed on the left
common carotid artery with
an average adventitial
diameter of 0.5 mm. [Figure
1] View larger version (16K):
[in this window] [in a new

window] . '

Organ: carotid artery, Source:
Medscan, Title:
Atherosclerotic plaque
disruption induced by stress
and lipopolysaccharide in
knockout
mice., Authors:
Ni,M.;Wang,Y..Zhang,M.;Zha
ng,P.F.;Ding,S.F.;Liu,C.X;Liu,
X.L.:Zhao,Y.X.:Zhang,Y.,
MedlineTA: Am J Physiol
Heart Circ Physiol, PubYear:
2009, ISSN: 0363-6135,
PMID: 19286965, Reference:
Atherosclerotic

apolipoprotein  E

plaque
disruption induced by stress
and lipopolysaccharide in
apolipoprotein  E  knockout
mice., Ni,M.; Wang,Y. et al,,
(2009), Am J Physiol Heart
Circ Physiol,
info:pmid/19286965#body:73

203



®

T PR Nl 5
o7 ",} ‘%//‘ sm‘y'},\ L e
("‘4% /43‘(' \»<‘yl’ %
i%%@‘é‘@‘v‘/"ﬁ

NG A e
4 9@74‘.

/

A
i
3

®

Regulation type

Citation

Source

MolSynthesis
calcium oxide ——+) silica

(positive)

(1] "As lime kiln dust is
mixed with moist soil, the
hydration of calcium oxide
causes the formation of
(Ca(OH) 2), and disassociation
of  (Ca(OH) 2)
dissolution  of

favors
silica and
alumina in fly ash."

Medscan,  Title:
Stabilization of recycled base
materials with high carbon fly
ash, Authors:
Cetin,B.;Aydilek,A.H.;Guney,
Y., Journal: Resources,
Conservation & Recycling,
PubYear: 2010, ISSN: 0921-3449,
DOI: 10.1016/].resconrec.2010.01.
007, PIl: S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust' 75: '(CaQ) -) ",
Stabilization  of
recycled base materials with

Source:

Reference:

high carbon fly ash, Cetin,B.;
Aydilek,A.H. et al., (2010),
Resources,
Recycling
info:doi/10.1016/]j.resconrec.
2010.01.0074#body:114

Conservation &
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Source

MolSynthesis (positive) silica
-—+) hematite

(1]

of e-Fe203 is quite complex,

the production
generally involving particle
formation in a mesoporous
amorphous silica matrix and
subsequent removal of silica

Source: Medscan, Title: Ca-Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro
slyakov,l.V.;Vasiliev,A.V.;Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.:Kozlyakova,E.S.;Din

nebier,R.E.;Jansen, M.,

Journal: Chemical
Communications,  PubYear:
2017, ISSN:  1359-7345,
ESSN:  1364-548X, DOI:

10.1039/¢c7¢cc08675]j,
EMBASE: 20180034749, PUI:
620205390, PMID:
29260161, Reference: Ca-Al
double-substituted strontium
with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/29260161#cont:21

hexaferrites

Regulation (unknown) silica
-——) cancer

[1] "Silica is one of the
inhaled
minerals and chronic silica

most  commonly

exposure may lead to silicosis
with
progressive

lung  inflammation,
interstitial

fibrosis, and cancer . "

Tissue: parenchyma,
Organism: Homo sapiens,
Source: Medscan,  Title:

Self-DNA Sensing in Lung
Inflammatory Diseases,
A u t h o r s :
Benmerzoug,S.;Ryffel,B.;Tog
be,D.;Quesniaux,V.F.J.,
Journal: Trends in
Immunology, PubYear: 2019,
ISSN:  1471-4906, DOI:
10.1016/j.it.2019.06.001, PII:
S1471-4906(19)30124-3,
Reference: Self-DNA Sensing
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Citation

Source

in Lung Inflammatory
Diseases, Benmerzoug,S.;
Ryffel,B. et al., (2019), Trends
in Immunology,
info:doi/10.1016/].it.2019.06.

007#body:100

[2] "Overall, there is no
evidence of synthetic

amorphous  silica inducing

cancer in animals or humans."

Organ: lung, Organism: Homo
sapiens, Source: Medscan,
Title: The toxicological mode
of action and the safety of
synthetic amorphous silica—A
nanostructured material,
Authors:  Fruijtier-Polloth,C.,
Journal: Toxicology, PubYear:
2012, ISSN: 0300-483X, DOI:
10.1016/j.tox.2012.02.001,
P | | :
S0300-483X(12)00043-1,
TextMods: 33: 'SAS' -)
'synthetic amorphous silica’,
Reference: The toxicological

mode of action and the safety

of  synthetic  amorphous
silica—A nanostructured
material, Fruijtier-Polloth,C.,
(2012), Toxicology,

info:doi/10.1016/j.tox.2012.0
2.0014#body:283

[3] "Inhalation of

respirable crystalline silica

may lead to lung diseases,
e.g.
silicosis and cancer."

chronic inflammation,

Source: Medscan, Title: The
alkaline comet assay in vitro
with  primary rat alveolar
macrophages: A suitable tool
for genotoxicity testing of
ceramic
Authors:

Ziemann,C.;Jackson,P.;Brow

quartz—containing
dusts,

n,R.;Creutzenberg,O.,
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Source

Journal: Toxicology Letters,
PubYear: 2006, ISSN:
0378-4274, DOI:
10.1016/.toxlet.2006.07.261,
Pll: S0378-4274(06)01114-3,
TextMods: 44: ‘(RCS)' -) ",
The
comet assay in vitro with

Reference: alkaline

primary rat alveolar
macrophages: A suitable tool
for genotoxicity testing of
quartz—containing ceramic
dusts, Ziemann,C.; Jackson,P.
et al., (2006), Toxicology Letters,
info:doi/10.1016/j.toxlet.200

6.07.261#body: 1

Regulation (positive) AlI203
-—+) cancer

[1] "The
alumina

polypyrrole
found to exhibit better cell

nanoporous
with

nanowires was

coated

adhesion  and increased
proliferation of both healthy

and cancer cells. "

CellType: neuron, Source:
Medscan, Title: Functionalized
ceramics  for  biomedical,
biotechnological and environmental
applications, Authors:
Treccani,L.;Klein,T.;Meder,F.;
Pardun,K.;Rezwan,K.,
Acta Biomaterialia,
PubYear: 2013, ISSN:
1742-7061, DOI:
10.1016/].actbio.2013.03.036,
Pll: S1742-7061(13)00166-9,
PMID: 23567940, Reference:

Functionalized ceramics for

Journal:

biomedical, biotechnological
and environmental applications,
Treccani,L.; Klein,T. et al,
(2013), Acta Biomaterialia,

info:pmid/23567940#body:343

(2] "Furthermore, it was

Source: Medscan,  Title:
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Citation

Source

Al203 NPs
anticancer

that
enhanced the

reported

effects of immunotherapy”

Effects of aluminum oxide
(AI203)
ECG,

inflammatory

nanoparticles  on
myocardial
cytokines,
redox state, and connexin 43
rats:

and lipid profile in

Possible cardioprotective
effect of gallic acid, Authors:
El-Hussainy,E.-H.M.A.;Huss
ein,A.M.;Abdel-Aziz,A.;EI-M
ehasseb,l., Journal: Canadian
of Physiology and

PubYear:

Journal
Pharmacology,
2015, ISSN: 0008-4212,
ESSN:  1205-7541, DOI:
10.1139/cjpp-2015-0446,
EMBASE: 20160572579, PUI:
611527632, PMID:
27191243, Reference:
Effects of aluminum oxide
(AI203)
ECG, myocardial inflammatory

nanoparticles  on

cytokines, redox state, and
connexin 43 and lipid profile in
rats: Possible cardioprotective
effect of  gallic acid,
El-Hussainy,E.-H.M.A_;
Hussein,A.M. et al., (2015),
Canadian Journal of
Physiology and Pharmacology,

info:pmid/27191243#cont:14

[3] "These results
that the
chitosan/polyvinylpyrrolidone

suggest

/T—Alumina nanocomposite is
a novel pH-sensitive drug

delivery system for anticancer

Title:
Synthesis and characterization

Source: Medscan,
of chitosan/polyvinylpyrrolidone
coated nanoporous 7-Alumina
as a pH-sensitive carrier for

controlled release of
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Citation

Source

applications."

quercetin., Authors:
Nematollahi,E.;Pourmadadi,M
.»Yazdian,F.;Fatoorehchi,H.;R
ashedi,H.;Nigjeh,M.N.,
MedlineTA: Int J  Biol
Macromol, PubYear: 2021,
ESSN:  1879-0003, DOI:
10.1016/].ijbiomac.2021.04.1
6010.1016/j.ijpiomac.2021.0
4160, PMID: 33932424,
Reference: Synthesis and
characterization of
chitosan/polyvinylpyrrolidone
coated nanoporous 7
-Alumina as a pH-sensitive
carrier for controlled release
of quercetin., Nematollahi,E.;
Pourmadadi,M. et al., (2021),
Int J Biol Macromol,

info:pmid/339324244#abs:11

Regulation (negative)

hematite ———| cancer

[1] "Therefore, through
rational surface
the

Au-Fe203 NPs can serve as

functionalization,

a multifunctional platform for
simultaneous targeting,

therapy and imaging and have

great potential in cancer
diagnostic and therapeutic
applications.”

CellLineName:  HepG 2,
Title:

combined

Source: Medscan,
Bifunctional
Au-Fe203 nanoparticles for
induction of cancer
cell-specific apoptosis and
real-time imaging, Authors:

Gao,W.;Ji,L.;Li,L.;Cui,G.;Xu,K

.Li,P.;Tang,B., Journal:
Biomaterials, PubYear: 2012,
ISSN:  0142-9612, DOI:
10.1016/j.biomaterials.2012.
01.047, PIl:
S0142-9612(12)00093-2,
Reference: Bifunctional
combined Au-Fe203

nanoparticles for induction of
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Citation

Source

cancer cell-specific apoptosis
and real-time imaging,
Gao,W.; JiL. et al., (2012),
Biomaterials,
info:doi/10.1016/|.biomaterial
$.2012.01.047#body:177

[2] "magnetic (Fe304)
and/or maghemite ( -Fe203),
can play important roles as
magnetic particles or as drug
carriers for the detection of
certain anticancer drugs using
magnetic resonance imaging
or R electron microscopic
imaging."

BEL7402,
sapiens,

Title:
Effects of liver diseases on

CellLineName:
Organism:  Homo
Source:  Medscan,
drug—metabolizing enzymes:
Implications for drug fate
alterations and nano—therapeutic
openings, Authors:
Lu,L.;Shi,J.;Li,Q.;Peng,X.;Do
ng,L.;Li,Y.;Dai,P.;Wang,Y.;Liu
,Z.;Guo,E.;Zhou,F.;Lu,L.;Shi,J
Wang,Y.;Liu,Z.,
Current Medicinal Chemistry,
PubYear: 2014, ISSN: 0929-8673,
ESSN:  1875-533X, DOI:
10.2174/0929867321666131
212144016, EMBASE:
2014384597, PUI: 373242121,
Effects of

diseases on drug-metabolizing

Journal:

Reference: liver

enzymes: Implications for

drug fate alterations and
nano—therapeutic  openings,
Lu,L.; ShiJ. et al., (2014),
Current Medicinal Chemistry,
info:doi/10.2174/092986732

16661312121440164#cont:521

[3] "Thus the
application of maghemite

nanoparticles induces the

Source: Medscan, Title: Effect
of maghemite nanoparticles
in the induction of apoptosis
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apoptosis in hepatocellular
carcinoma Hep G2 cancer

cells."

on human hepatocellular
carcinoma (Hep G2) cell line,
A u t h o r s
Manikandan,K.;Baral,l.;Anand
,S.B.;Santhanam,A.;Santhana
m,A., Journal: Indian Journal
of Biotechnology, PubYear:
2017, ISSN: 0972-5849,
ESSN: 0975-0967, EMBASE:
20170745524, PUI: 618924102,
Reference: Effect of maghemite
nanoparticles in the induction
of apoptosis on human
hepatocellular carcinoma (Hep
G2) cell line, Manikandan,K.;
Baral,l. et al., (2017), Indian
Journal of Biotechnology,
info:embase/201707455244#c
ont:157
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Citation

Source

MolSynthesis (positive)

calcium oxide ——+) silica

[1] "As lime kiln dust is
mixed with moist soil, the
hydration of calcium oxide
causes the formation of
(Ca(0H)2), and disassociation

of (Ca(0OH)2) favors

Source:  Medscan, Title:
Stabilization of recycled base
materials with high carbon fly
ash, Authors:
Cetin,B.;Aydilek,A.H.;Guney,

Y., Journal: Resources,
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Regulation type Citation Source
Conservation & Recycling,
PubYear: 2010, ISSN:
0921-3449, DOI:
10.1016/j.resconrec.2010.01.
007, PII:

dissolution of silica and

alumina in fly ash."

S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust 75: '(CaQ)' -) ",
Reference: Stabilization  of
recycled base materials with
high carbon fly ash, Cetin,B.;
Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling
info:doi/10.1016/]j.resconrec.
2010.01.0074#body:114

Regulation (negative) silica
-——| breathing

[1] "Inhalation of silica
and asbestos particles both

cause chronic  pulmonary
inflammation ultimately
leading to fibrosis and

impaired respiration.”

Source: Medscan, Title: KL1
The inflammasome in health
and disease, Authors:
Flavell,R.A.:Elinav,E.;Hu,B.;S
utterwala,F.;Eisenbarth,S.,
Journal:  Cytokine, PubYear:
2010, ISSN: 1043-4666, DOI:
10.1016/j.cyt0.2010.07.014,
Pll: S1043-4666(10)00213-9,
KL1 The
inflammasome in health and

Reference:

disease, Flavell,R.A.; Elinav,E.
et al., (2010), Cytokine,
info:doi/10.1016/j.cyt0.2010.
07.0144tbody:4

MolSynthesis (positive) silica
-—+) hematite

[1] "... the production of
e-Fe203 is quite complex,
generally involving  particle
formation in a mesoporous

amorphous silica matrix and
subsequent removal of silica ..."

Source: Medscan, Title: Ca—Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro

slyakov,l.V.;Vasiliev,A.V.;Kazi
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n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.:Kozlyakova,E.S.;Din
nebier,R.E.;Jansen,M.,
Journal: Chemical
Communications,  PubYear:
2017, ISSN:  1359-7345,
ESSN:  1364-548X, DOI:
10.1039/¢c7¢cc08675]j,
EMBASE: 20180034749, PUI:
620205390, PMID: 29260161,
Reference: Ca-Al
double-substituted strontium
hexaferrites with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/29260161#cont:21
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Source:  Medscan,  Title:

Stabilization of recycled base

materials with high carbon fly

ash, Authors:

Cetin,B.;Aydilek,A.H.;Guney,

Y., Journal: Resources,

Conservation & Recycling,

[1] "As lime kiln dust is | PubYear: 2010, ISSN:

mixed with moist soil, the | 0921-3449, DOI:

hydration of calcium oxide | 10.1016/j.resconrec.2010.01.

MolSynthesis (positive) | causes the formation of | 007, PIl:

calcium oxide ——+) silica

(Ca(0OH) 2), and disassociation
of (Ca(OH) 2)
dissolution  of

favors
silica and

alumina in fly ash."

S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust ' 75: (CaO)'" -y ",
Reference: Stabilization  of
recycled base materials with
high carbon fly ash, Cetin,B.;
Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling
info:doi/10.1016/]j.resconrec.
2010.01.0074#body:114

MolSynthesis (positive) silica
-—+) hematite

[1] "... the production
of e-Fe203 is quite complex,
generally involving particle
formation in a mesoporous
amorphous silica matrix and

subsequent removal of silica

Source: Medscan, Title: Ca-Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro
slyakov,l.V.;Vasiliev,A.V.:Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.:Kozlyakova,E.S.;Din

nebier,R.E.;Jansen, M.,

Journal: Chemical
Communications,  PubYear:
2017, ISSN: 1359-7345,
ESSN:  1364-548X, DOI:

10.1039/¢c7¢cc08675j,
EMBASE: 20180034749, PUI:
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620205390, PMID:
29260161, Reference: Ca-Al
double-substituted strontium
with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical  Communications,
info:pmid/292601614#cont:21

hexaferrites

Regulation

(unknown)

hematite ———) reproduction

[1] "Although exposure
to dimercaptosuccinic acid
coated Fe203-NPs at the
examined concentrations did
not obviously influence the
survival of nematodes,
exposure to 100 mg/L of
dimercaptosuccinic acid
coated Fe203-NPs altered
the
locomotion behavior, pharyngeal

growth, reproduction,

pumping, defecation, and
intestinal  autofluorescence
(Fig. 1)."

Title:
Evaluation of environmental

Source:  Medscan,
safety  concentrations  of
DMSA coated Fe203-NPs
using different assay systems
in nematode caenorhabditis
elegans, Authors:
Wu,Q.;Li,Y.;Wang,D.;Tang, M.
PLoS  ONE,
PubYear: 2012, ESSN:
1932-6203, DOI:
10.1371/journal.pone.004372
9, EMBASE: 2012483381,
PUI: 365452334, PMID:
22912902, Reference: Evaluation
of  environmental

Journal:

safety
DMSA
using

concentrations  of
Fe203-NPs
different assay systems in

coated
nematode caenorhabditis
elegans, Wu,Q.; Li,Y. et al.,
(2012), PLoS ONE,
info:pmid/22912902#cont:136
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Regulation type Citation

Source

[1] "As lime kiln dust is
the
hydration of calcium oxide

(positive)
calcium oxide ——+) silica

MolSynthesis
Y mixed with moist soil,

Title:
Stabilization of recycled base

Source: Medscan,

materials with high carbon fly
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Regulation type

Citation

Source

causes the formation of
(Ca(0OH)2), and disassociation
of (Ca(OH)2)
dissolution  of

favors
silica and

alumina in fly ash."

ash, Authors:
Cetin,B.;Aydilek,A.H.;Guney,
Y., Journal: Resources,
Conservation & Recycling,
PubYear: 2010, ISSN:
0921-3449, DOI:
10.1016/j.resconrec.2010.01.
007, PII:
S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust 75: '(CaQ)' -) ",
Reference: Stabilization  of
recycled base materials with
high carbon fly ash, Cetin,B.;
Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling
info:doi/10.1016/j.resconrec.
2010.01.0074#body:114

MolSynthesis (positive) silica
-—+) hematite

[1] "... the production
of e-Fe203 is quite complex,
generally involving particle
formation in a mesoporous
amorphous silica matrix and

subsequent removal of silica

Source: Medscan, Title: Ca-Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro
slyakov,l.V.;Vasiliev,A.V.;Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.:Kozlyakova,E.S.;Din

nebier,R.E.;Jansen, M.,

Journal: Chemical
Communications,  PubYear:
2017, ISSN:  1359-7345,
ESSN:  1364-548X, DOI:

10.1039/¢c7¢cc08675j,
EMBASE: 20180034749, PUI:
620205390, PMID:
29260161, Reference: Ca-Al
double-substituted strontium
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with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/292601614#cont:21

hexaferrites

Regulation (negative) Al203
———| fertilization

(1] "In  the
observation, it seems that in

present

P. acuta, the oocytes in the
ovotestis and the eggs after
the
deposition of the substances

fertilization during
secreted by the genital tract
were protected from the 7
—alumina and  a-alumina
concentrations up to 0.05 g

kg -1. "

Organ: reproductive system,
CellType: oocyte, Source:
Medscan, Title: The effects of
engineered nanoparticles on
survival, reproduction, and
behaviour of freshwater snail,
Physa acuta (Draparnaud,
1805), Authors:
Musee,N.;Oberholster,P.J.;Si

khwivhilu,L.;Botha,A.M.,

Journal: Chemosphere,
PubYear: 2010, ISSN:
0045-6535, DOl:

10.1016/j.chemosphere.2010
.09.040, PII:
S0045-6535(10)01055-6,
PMID: 20943245, Reference:
The effects of engineered
nanoparticles on  survival,
reproduction, and behaviour
of freshwater snail, Physa
acuta (Draparnaud, 1805),
Musee,N.; Oberholster,P.J. et
al., (2010), Chemosphere,

info:pmid/20943245#body: 146

219



sensitization

NS

vk

lﬁm

<X
.I‘

’ S5
L7 "?’

':i 9‘ \
QP\"‘@&}»,.
V8%V A
!A"‘?@@\“

i

)

A
D

\'\\§ X
XD
W% e;/

S
W, %4
A N
v
A%

L7 RN
=

o)
i

S

Regulation type

Citation

Source

MolSynthesis
calcium oxide ——+) silica

(positive)

[1] "As lime kiln dust is
mixed with moist soil, the
hydration of calcium oxide

the

causes formation of

Source:  Medscan, Title:
Stabilization of recycled base
materials with high carbon fly

ash, Authors:
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Citation

Source

(Ca(0OH) 2), and disassociation
(Ca(OH)2)
dissolution

of favors

of silica and

alumina in fly ash."

Cetin,B.;Aydilek,A.H.;Guney,
Y., Journal: Resources,
Conservation & Recycling,
PubYear: 2010, ISSN:
0921-3449, DOI:
10.1016/j.resconrec.2010.01.
007, PII:
S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust 75: '(CaQ)' -) ",
Reference: Stabilization  of
recycled base materials with
high carbon fly ash, Cetin,B.;
Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling
info:doi/10.1016/j.resconrec.
2010.01.0074#body:114

Regulation (positive)

-—+) sensitization

silica

[1] "Nano-sized silica
and titanium dioxide particles
have been shown to enhance

allergic airways sensitisation

in mice [9, 10], however,
there is limited understanding
of the different

physicochemical properties of
NPs which
adjuvant properties."

influence their

Organ: respiratory system,
Source: Medscan, Title: Role
of chemical composition and
redox modification of poorly
soluble nanomaterials on their
ability to enhance allergic
airway sensitisation in mice,
A u t h o r s

Dekkers,S.:Vandebriel,R.J.;De
Jong,W.H.;Cassee,F.R.;Wag
ner,J.G.;Eldridge,E.A.:Harke
ma,J.R.;Tang,S.V.Y.:Miller,M.
R.;Romer,l.;Cassee,F.R.,

Journal: Particle and Fibre
Toxicology, PubYear: 2019,
ESSN:  1743-8977, DOI:

10.1186/s12989-019-0320-
6, EMBASE: 20190794298,
PUI: 629715550, Reference:
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Citation
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Role of chemical composition
and redox modification of
poorly soluble nanomaterials
on their ability to enhance
allergic airway sensitisation in
mice, Dekkers,S.;
Vandebriel,R.J. et al., (2019),
Particle and Fibre Toxicology,
info:doi/10.1186/s12989-01
9-0320-6#cont:27

MolSynthesis (positive) silica
-—+) hematite

[1] "... the production
of e-Fe203 is quite complex,
generally involving particle
formation in a mesoporous
amorphous silica matrix and

subsequent removal of silica

Source: Medscan, Title: Ca-Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro
slyakov,l.V.;Vasiliev,A.V.;Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.:Kozlyakova,E.S.;Din

nebier,R.E.;Jansen, M.,

Journal: Chemical
Communications,  PubYear:
2017, ISSN:  1359-7345,
ESSN:  1364-548X, DOI:

10.1039/¢c7¢cc08675]j,
EMBASE: 20180034749, PUI:
620205390, PMID:
29260161, Reference: Ca-Al
double-substituted strontium
with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/29260161#cont:21

hexaferrites
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Regulation type Citation Source
MolSynthesis (positive) | [1] 'As lime kiln dust is | Source:  Medscan,  Title:
calcium oxide ——+) silica mixed with moist soil, the | Stabilization of recycled base
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hydration of calcium oxide
causes the formation of
(Ca(OH) 2), and disassociation
of  (Ca(OH) 2)
dissolution  of

favors
silica and

alumina in fly ash."

materials with high carbon fly
ash, Authors:
Cetin,B.;Aydilek,A.H.;Guney,

Y., Journal: Resources,
Conservation & Recycling,
PubYear: 2010, ISSN:
0921-3449, DOl:
10.1016/j.resconrec.2010.01.
007, PIl:

S0921-3449(10)00025-X,
TextMods: 3: 'LKD' =) 'lime
kiln dust' 75: '(Ca0)' -y ",
Reference: Stabilization of
recycled base materials with

high carbon fly ash, Cetin,B.;

Aydilek,A.H. et al., (2010),
Resources, Conservation &
Recycling

info:doi/10.1016/j.resconrec.
2010.01.007#body:114

MolSynthesis (positive) silica
-—+) hematite

(1]

of e-Fe203 is quite complex,

the production
generally involving particle
formation in a mesoporous
amorphous silica matrix and
subsequent removal of silica

Source: Medscan, Title: Ca—Al
double-substituted strontium
hexaferrites with giant
coercivity, Authors:
Trusov,L.A.;Lebedev,V.A.;Ro
slyakov,l.V.;Vasiliev,A.V.;Kazi
n,P.E.;Gorbachev,E.A.;Slepts
ova,A.E.;Kozlyakova,E.S.;Din

nebier,R.E.;Jansen, M.,

Journal: Chemical
Communications,  PubYear:
2017, ISSN: 1359-7345,
ESSN:  1364-548X, DOI:

10.1039/¢7¢cc08675]j,
EMBASE: 20180034749, PUI:
620205390, PMID:
29260161, Reference: Ca-Al
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double-substituted strontium
with giant
coercivity, Trusov,L.A.;
Lebedev,V.A. et al., (2017),
Chemical ~ Communications,
info:pmid/292601614#cont:21

hexaferrites

Regulation (positive) hematite
-—+) skin irritation

[1] "For
exposure to Zn and Fe oxides

example,

produce gastric disorder and
vomiting, irritation of the skin
and mucous membranes. "

Tissue: mucous membrane,
Source: Medscan, Title: Toxic
Metal Pollution
and Its Possible Risks to
Public ~ Health.,  Authors:
Shakir,S.K.;Azizullah,A.;Mura
d,W.;Daud,M.K.;Nabeela,F.;R
ahman,H.;UrTr
Rehman,S.;Hader,D.P.,
MedlineTA: Environ
Contam Toxicol, PubYear:
2017, ISSN: 0179-5953, DOI:
10.1007/398_2016_910.1007
/398_2016_9, PMID:
27464847, Reference: Toxic
Metal

in Pakistan

Rev

Pollution in Pakistan
and Its Possible Risks to
Public Health., Shakir,S.K.;
Azizullah,A. et al., (2017), Rev
Environ  Contam  Toxicol,

info:pmid/27464847#abs:6
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