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ABSTRACT

Objectives: It is necessary to apply quantitative structure activity relationship(QSAR) for the various chemicals
with insufficient toxicity data that are used in the workplace, based on the precautionary principle. This study
aims to find application plan of QSAR software tool for predicting health hazards such as genetic toxicity, and
carcinogenicity for some chemicals used in the electronics industries.

Methods: Toxicity prediction of 21 chemicals such as 5-aminotetrazole, ethyl lactate, digallium trioxide, etc.
used in electronics industries was assessed by Toxicity Prediction by Komputer Assisted Technology(TOPKAT).
In order to identify the suitability and reliability of carcinogenicity prediction, 25 chemicals such as 4-
aminobiphenyl, ethylene oxide, etc. which are classified as Group 1 carcinogens by the International Agency for
Research on Cancer(IARC) were selected.

Results: Among 21 chemicals, we obtained prediction results for 5 carcinogens, 8 non-carcinogens and 8
unpredictability chemicals. On the other hand, the carcinogenic potential of 5 carcinogens was found to be low
by relevant research testing data and Oncologic ™ tool. Seven of the 25 carcinogens(IARC Group 1) were
wrongly predicted as non-carcinogens(false negative rate: 36.8%). We confirmed that the prediction error could
be improved by combining genetic toxicity information such as mutagenicity.

Conclusions: Some compounds, including inorganic chemicals and polymers, were still limited for
applying toxicity prediction program. Carcinogenicity prediction may be further improved by conducting
cross-validation of various toxicity prediction programs, or application of the theoretical molecular
descriptors.

Keywords: Carcinogenicity, QSAR, TOPKAT, Toxicological prediction
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Table 1. List of 9 different modules on carcinogenicity

ID Carcinogenicity Module

1 Mouse Female NTP

2 Mouse Male NTP

3 Rat Female NTP

4 Rat Male NTP

Mouse Female FDA None vs_Carcinogen
(Mouse Female FDA Single vs Multiple)
Mouse_Male_FDA None_vs_Carcinogen
(Mouse Male FDA Single vs Multiple)
Rat Female FDA None vs Carcinogen
(Rat Female FDA Single vs Multiple)
Rat Male FDA None vs Carcinogen
(Rat Male FDA_Single vs Multiple)

9 Weight Of Evidence

Abbreviation: NTP - National Toxicology Program,
FDA - Food and Drug Administration

8

H7RATAE ) o8l AlFE-2 dHolHZRY NY
H ok WA training sete] 713E (NTP, FDA), &
H(rat, mouse), "3 (male, female)®] Z3ol| w}=
Table 19} 722 97 EEQ] & AHE Y3
A e Adste o= esiitt
NTPS] WM A7 Avh= (1) $Adel dist 3
-—9].'?5} A7 A2, (2) AFARJ] SA7E =, 3) B
gt A F @) AN T T2 v BER F
6}14; TESIAT Ok, TOPKAT Z2 8o Ae
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Table 2. Result of carcinogenicity prediction about 21 chemicals using TOPKAT
ID Chemical name (CAS #) Molecular formula ID# (Table 1) of N Predict result
1 1-Ethoxy-2-(2-methoxyethoxy)ethane (1002-67-1) C-H,s04 1,3,4,8,9 N
2 N-Methylformamide (123-39-7) C,H;NO 1,2,3,4,8,9 N
3 Methyl 3-methoxypropionate (3852-09-3) CsH,004 34,589 N
4 5-Aminotetrazole (4418-61-5) CH;N; 1,3,5,8,9 N
5 3-Methoxybutyl acetate (4435-53-4) C;H,,0; 1,3,4,5,9 N
6 1,2-Propanediol diacetate (623-84-7) C,H,,0, 1,3,4,5,9 N
7 Cellulose, ethyl ether (9004-57-3) Cy3Hyu NGO, 1,4,5,6,7,8,9 N
8 Ethyl lactate (97-64-3) CsH,405 1,3,4,5,9 N
9 Boron trifluoride (7637-07-2) BF; All C C
10 Boron trichloride (10294-34-5) BCl, All C C
11 Digallium trioxide (12024-21-4) Ga,0; 1,9 C
12 Tetramethylammonium hydroxide (75-59-2) C,H;;NO All C C
13 Tetrafluoromethane (75-73-0) CF, All C C
14 Diindium trioxide (1312-43-2) In,O; - (0]
15 Sodium oxide (1312-59-3) Na,O - (0]
16 Dipentaerythritol hexaacrylate (29570-58-9) CyH3,045 - (0]
17 Alcohols, C12-14-secondary, ethoxylated (84133-50-6) CyHy606 - o
18 Dodecan-1-ol, ethoxylated (9002-92-0) C,Hy606 - (0]
19 Polystyrene (9003-53-6) (CsHg)n - X
20 Polymethylmethacrylate (9011-14-7) (CsHgOs)n - X
21 Novolak resin (9003-35-4) (C¢HsO.CH,O)n - X

Abbreviation: N - Non-carcinogen, C - Carcinogen, O - Out of range(Optimum Prediction Space out of range), X - No conversion
to SMILES(SMILES: Simplified Molecular Input Line Entry System)

(2-methoxyethoxy)ethane, N-Methylformamide, Methyl
3-methoxypropionate, S-Aminotetrazole, 3-Methoxybutyl
acetate, 1,2-Propanediol diacetate, Cellulose ethyl ether %!
Ethyl lactate 8%(Table 22] ID# 1~8)> 5~7&F<
Egollx v g o= oS50t} Boron trifluoride,
Boron trichloride, Digallium trioxide, Tetramethy-
lammonium hydroxide % Tetrafluoromethane 5%
(Table 22| ID# 9~13)& B Eedow
AZEArhE, ID# 119] 1,925 vt o =),
7138%HE<¢] Diindium trioxide, Sodium oxide 2&
(Table 29] ID# 14~15) 2 ARZAAA AL 71 A
& 29 Dipentaerythritol hexaacrylate, Alcohols
C12-14-secondary ethoxylated Dodecan-1-ol
ethoxylated 3% (Table 29] ID# 16~18) FHZ &
FoollA Hlojdk B2 AlgAo] wlg- w7] wjito|

& A== A = gtk T3 Polystyrene,

=
2=

ol
=
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Polymethylmethacrylate % Novolak resin 3% (Table
29] ID# 19~21)2 A} 3}3E=24 SMILES +
Z7 W 5 Q7] vl TOPKATO 283 4
= Al AT FrH o 2159 FH5A
o] BAEAH] E =43}, Diindium trioxide
9loll B non-mutagen® 2 < ZE| AT},

2. IARC Group 1 & 2552| TOPKAT 0|&Z 1}

AlgelA e dole EFE J5¥E IARC
Group 19| 9= s}eE4 2559l tis TOPKAT
| 543} Table 30| YERAITH. TOPKAT b
| 543e}t IARC A2 S vt 43, A2 &
UX| 3+ £ 0] 7% (Table 32| ID# 1,3,7,9,15~17)°1%4
t}. Aflatoxin, Aristolochic acid, Busulfan % 4.4'-
Methylenebis(2-chloroaniline) 435 (Table 32| ID#
1,3,9,17)2 5~7&F°] BEAA Hddgoz oF
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Table 3. TOPKAT prediction result of 25 chemicals classified as IARC Groupl

ID Che(rgﬁ;;l ;1):1 me Molecular formula =~ (?:g;ni)ge:;c;]ty Mutagenicity
1 Aflatoxin (1402-68-2) C;H,,0; 3,5,6,8,9 N M*
2 4-Aminobiphenyl (92-67-1) C,H; N 5 C M*
3 Auristolochic acid (313-67-7) C;H; )NO; 1,2,5,6,7,8,9 N M
4 Benzene (71-43-2) CsHs All C C* M*
5 Benzidine (92-87-5) C,H\,-N, All C C M*
6 Benzopyrene (50-32-8) CyH» 1 C M*
7 Beryllium (7440-41-7) Be - (¢} N
8 Bis(chloromethyl)ether (542-88-1) C,H,CL,0 4 C M*
9 Busulfan (55-98-1) CeH1,06S, 1,2,3,4,89 N M*
10 1,3-Butadiene (106-99-0) C,H, All C C* N*
11 Cadmium (7440-43-9) Cd All C C N
12 Chlorambucil (305-03-3) Ci,HyCLNO, 3,4 C* M*
13 Chlornaphazin (494-03-1) C,H;sCLN 4 C M*
14 Cyclophosphamide (50-18-0) C,H,sCLLN,O,P 34 C* M*
15 Ethylene oxide (75-21-8) C,H,O - (0] N
16 Formaldehyde (50-00-0) CH,O - (¢} N
17 4,4'-Methylenebis(2-chloroaniline) (101-14-4) C;3H,CLN, 3,4,5,7,8 N M*
18 2-Naphthylamine (91-59-8) CoHoN 2 C M*
19 Polychlorinated biphenyls (1336-36-3) C,,H,Cl, 3457 C N
20 Silica dust, crystalline (14808-60-7) SiO, All C C N
21 Sulfur mustard (505-60-2) C,H;CLS 3,48 C M*
22 Trichloroethylene (79-01-6) C,HCl; All C C* M*
23 Vinyl chloride (75-01-4) C,H;Cl1 All C C N*
24  O-Toluidine (95-53-4) C;HoN All C C* M*
25 2,3,4,7,8-Pentachlorodibenzofuran (57117-31-4) C,H;C1;0 3,7 C N

*; Test results of mutagen and carcinogen are included in the TOPKAT training set.
Abbreviation: M - Mutagen, N - Non-mutagen or Non-carcinogen, C - Carcinogen, O - Out of range(Optimum Prediction Space

out of range)

H ATt 3 W HE (Be) 554 2 Ethylene oxide,
Formaldehyde 3% (Table 3&] ID# 7,15,16) 2% d]
ZGelA glojd 2= Aol uig- v7] i
o = A= AP 5 I3k o= IARC A+
AR Hdo] kA dlEH 15 (false negative)
o] HIEL 28%(725)% WM d=AFe] LFE
o] M4 wue= AS & 4 3tk $HH, Benzene,
1,3-Butadiene, Chlorambucil, Cyclophosphamide,
Trichloroethylene ¥ O-Toluidine 6%:(Table 3] ID#
4,10,12,14,22,24y2 TOPKAT training set W]ol] <}
A 2R I3 BEEA AE 9% A of
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Ytk 2822 632 Al ¥4 (false negative)
9] HIEL 36.8%(7/25-6)8 TR ] A Ao] ¢
ol s & AUTh
F7He R Wby A3y A7) 12 WAk
T Ae FAFAANE F BEAEARe] BE
S Table 30| YERISITE. ©, Z2 720 training
seto]] BFEAH] ARAAHATE g0} e BHS
F17 F°192H, o] non-mutagen®] A A} 2%
(Table 32] ID# 10, 23) ¥ mutagene] A& A3} 15
% (Table 32] ID# 1,2,4~6,8,9,12~14,17,18,21,22,24)
o]t AlEZAH7F mutagen?! 15% sleHEd2

Y0, X

4
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Table 4. Review of relevant research testing data and Oncologic™

Chemical name

Review of relevant research testing data

Result of
Oncologic™

In vitro bacterial gene mutation assay and Mammalian cell gene mutation

1 Boron trifluoride assay: Negative

In vitro mammalian chromosome aberration test: Positive

2 Boron trichloride

3 Digallium trioxide

In vitro gene mutation studies in bacteria and in mammalian cells, and iz vivo
cytogenicity studies: Negative

In vitro gene mutation studies in bacteria and in mammalian cells, and in vivo
erythrocyte micronucleus test: Negative

Boron metallic
and compound,
Marginal

Marginal

Tetramethylammonium 7n vitro gene mutation studies in bacteria and in mammalian cells, and

hydroxide

5 Tetrafluoromethane .
Nontoxic

The toxicity study of this series of halocarbons for the carcinogenic effects:

Mammalian chromosome aberration test: Negative

Low

g
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