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ABSTRACT

This paper reviews the results of a series of efforts to develop structure-activity models for slow-reacting
chemicals and olefins whose toxicity may be enhanced by the ultraviolet radiation. Photoinduced toxicity of 14
compounds was found to be a different result of competing factors of structure, having carbon-carbon double
bonds. To mimic the biological consequences of photooxidative damage in mammalian cells, the photochemical
mutagenicity of 14 chemicals was tested in the CAS. Simple olefins were photochemically mutagenic or
carcinogenic with irradiation, increasing the alkylating activity from zero level to 0.87(abs/gram) for styrene, 0.25
for 1-butene, 0.11 for 1-hexene, respectively, whereas no photochemical mutagenicity was observed with 1-
octene in the absence of the CAS. Oxide compounds, however, showed a decreasing trend of photoalkylating
activities in the presence or absence of the CAS. We found that the the structure-activity relationship was not

applicable to our data.
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4—NBP (4— (4—Nitrobenzyl) pyridine) & 473}
E2E HEske) gstaql e ER R Hg2
tl AFA = FEAES 4-NBPY ¥HEAA 73t
A& gt on 22 4-NBPeto ub
standard A3 A¥A e} g EAIIE &
T} NBP ¥h-3- A1 8- AbA 9 pHE 128 $4H o
Hog Wi o FFAAE S AFAE o] &-5}o]
A o2 AYa7] ol BAVL AR e Alzto] B
o] Ael& Flo] ol Fol|, FE MFO Atglas
2Het7] ¢ete] abatiil FAbskrAE ARl B
2 24719 FEL B8 o] CAS(Chemical
Activation System)A] <812 Qlatghsg-aldol A 3}
A, ok AT ERIGE A1EolE, 183 EDTAS
ARSI O AYAIE wbSA) F AR A Q) =AkEE
git)zke] oJste] wk-go] EdstEE AL ARl
o, o ZAE T 70| SHWEL] w-EAdo] #el H<S)
t}® o)2) gt o] -2 CASY} §lo] A AQ] ubgo)u}
NBP-CASE W21 gho] A aHA deddo)u) wo)
A& ASE3te] AESHA A AES AXA] 2o 7+
22 QSAR(Quantitative Structure Activity
Relationship) & 83|+t #-&3}ct.
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1. Direct Alkylation (CASEHS 317t @l= NBP AIE)

0.2 M % (pH 4.0) 2] sodium acetate—acetic
acid #5894, 3.0 mLE 10 mL HIAE A|g o] @
T, & 3.0 mL, oFHEl =2l 5% w/w) Y 4—(4-
NitrobenzyDpyridine 1.0 mLE ¥& t& $H4E
7ml7t HEE ARG 4 w5 AlgastEgd 1
mLE ¥i FEE dds] wa J8i A Fukg
716 15852 A $ol|, = JE 7|0 2083
HEE A7 Fo) dE SollA BE5ILAHLH, 0.6
mLe] ofE ofA[H[o|E/otAE (52, vV)E ¥ 5N
9 A YEF 1.0 mLE 2t E871$e0A4 30
A3 £ v, B2 |SlA 5T
sto] g=abst UERE Y2 oS A 83 1.75
o 540 nm¥) oA FFEE St TAE
SIEES A2 RE ASE ¥ o oy
A Aoz AsElom FAIRY EHES
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2. Indirect Alkylation(CASE-A 37} 2= NBP
test)

0.1 M 214t ¢+3g-9 (monobasic pH 4.5) 3.0 mL

2} 0.15 M 34 0.1 mL, 1.0 M o}AFEHIAF 0.1
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mLE Y1 EDTAY FEE 10 mM= 23213
oM B Lol HolglE A E 2 mLs} 0.5 MS] 3]
=2 & 20 mLE 92 o3 9.79 Mo #aks}l 4
208 Mo] HHE ¥glon Z A gete 941

mLE $1 HEES HE 0] YH Tl g

o2 AskE Ekdch a8 vA] Fekgrlel 15
52k ZARSE $of|, BEGAIRES 37TAAA 1683
@23 o ohA] Ao 1.0 mLPJ 4—NBP/o}H &
B3 FE= Bof 208 B9k vk-S A FTh 208 Fo

& FollA e 30 0.6 mLJ g OVﬂEﬂOIE/
o}_,q]go ul 7 g};(]uloi 5M /\].E} L].E

LE 93ith A9} 22 oz E37]9elA 30
Z: T AE3] EE v F2uHAA 1S
& Fedte] FHEAY 540 nme el FEE
& S48t 4 ¥4 3= Table 30l Weh vk

3. Photosensitization

ARy 13 29 oM AP dgg o] o]
Foizl Fof ohga 2L o gl =E
ANFRom AP 1, 20 7153 wielzo] 1583
=Z A7t Merry—go—round BH&-7lofE= 12719
10 watt-& blacklamp (General Electric. Co.) & %2}
31 o m 99| wge 350 nmo| ™, 0l Al B&H

ANEHES 22 W) g E53) FdeTE 3t
= merry—go—round®l] YXAFt} ZH2te] HTo
h & A B 370 E 310 2 278 o)A el wmEL
2 p—nitro—acetophenone (PNAP) /pyridines A&
sto] Wel FEE TAl Z3sth FHNe EL

.9/] ol—y‘_:]ﬂ H]—gE“:

]—‘?—74 37] (FID ﬂame ionization detector) & #3F
o] g-3tlct. FFALS] Aol %
CAS7} 92% EH ‘;—l CAS7} & o 5 dgskale
o Table 3ol LER Sith.

4. QSAR X2

o] =& = QSARe] H§ A&+ ISIS/DRAW
(MDL CO.) Z2IH2 AH&3te 725 18A
PASS (Prediction of Activity Spectra for
Substance, Institute of Biomedical Chemistry
Russian Academy of Medical Sciences) T-ZE4
ZFE Q1 Wk (carcinogen), M o]€Ad (mutagen), El
o}7133/d (teratogen) ¥ 3388 J A} (photosen—
sitizer) & 40.™ Pa(E4 X)) 2l P A X)) 2 1}
BRIt (Table 4). LCso 2 LDspo AY¥A RS
Tomes Plus database(Tomes Plus database,
1997, Micromedex Inc. U. S. A.) oA Q183131
t}(Table 1).

III. 23 3 &t

1. CAST| 8l8 [ UVEALA| OFQE}HF%E

YutA © 2 CAS7} 8] B FARE 32 W ethylene
oxide, propylene oxide, 1,2—epoxy butane, 1,2—
epoxy hexaneX} 1,2—epoxy octene, styrene oxide
A2 7239 01} styrene,
1-butene, 1-HexeneT 9 FH$ & 25 Z718t

Aot o) F A go] FxAtel st B4 o

Table 1. Experimental values of LDS50 and LC50 obtained from database(Thomes Plus database)

chemical name LDso(mg/kg) LDso(ppm:4h)
oral(Z ) dermal (73 3]) inlalation(&%)

ANEZEE rat/mouse rabbit rat/mouse
ethylene oxide 72/ - 800/836
propylene oxide 380/440 1500 4000/1740
1,2-epoxy butane 500/ 2100
1,2-epoxy hexane -
I,2-epoxy octane - - -
styrene oxide 2000/1500 890 -
styrene 2650/316 12000 mg/m*/4h
1-butene - -
1-hexene - /4 ppb/2h
1-octene - - -
alpha-chloroacetophenone 50/139 - /59 mg/m3
p-chloroacetophenone /1207 /1752 mg/m’/15M
busulfan /110 - -
dieldrin 38.3/38 250 13 mg/m’/

-data not available
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oxirane ringg 48t AR} (electrophile) 2
28 2107 FZ3 ) a—chloroacetophenone
3} p—acetophenone?] A E%E 20%3 = 571819
t}. a—chloroacetophenone™ Busulfan?] A2
olu] weHdzt HolgdAo] FEAUPAME et
Aol AR TH(Table 1). AFAI=813HE <]
HE-8-2] 7]+ ethylene oxide>propylene oxide>a—
chloroacetophenone>l,2—-epoxy
butane>Busulfan>1,2—epoxy hexane >1,2—epoxy
octane>styrene>styrene oxide>1—butene>1—

r_,E flo

hexene>Dieldrin>p—chloroacetophenone>1—
octened €£ME AP o LAHS A3 o

A HYEEY WS EY AL HEALE 87 ¢
9r& 799} A5 L3keH(Table 2 W Table 3 2
zZ).

2. CASOIM S| UVEAIA| U235 HIS T

CAS7} 98 ¢} vl37}R & ethylene oxide,
propylene oxide, 1,2—epoxy butane®] <423} wh-&
T o Z;7]-3]-"31 onj 1 2—epoxy hexane,1,2—

epoxy octene Y styrene oxideS-2 2 W37} 2%l

o CAS%’“EMIHQ} 2 g9 F styreneE
A28l E= 1-Butene, 1—Hexenel ¥ 5+ 24
3t th a—% p—acetophenone =2 4% 10%

A& 7H4skSith Busulfand] WHEE 10%7}"7} %
7}3}9:1 Dieldrin®} W %% 23% #2st3ith ¢
23} 8§29 A7)+ a—chloroacetophenone
>Busulfan>ethyler1e oxide>propylene ox1de >1,2—

Aol

epoxy butane>1,2—epoxy hexane>1,2—epoxy
octane>styrene oxide>p—chloroaceto—
phenone>styrene>Dieldrin>1 —butene>1 -
hexene>1—octene?] A1 2 485 vH(Table 2 2

Table 3 3H%).

3. Light intensity2| 2%

ZAg "lo] A7]= PNAP3HE S AME-5lo] =5
o] AAF actinometry 82 $8§sto] 95x107°
_li 74],\}_1;4 911:]__44)

Table 1ol FEEES] S/3¢ FHE dloeh
o|AZRE F4, AT, Aol gt 18- LDsodk
7} LCsogke] WERY Qlth. Table 20 A& <t
NBP 213 9] 9182127}, Table 30 33h3 &3}
W5 o] AP AT Table 491 HAFEHALAZEY]
o]2 o] g8 PASSEZ o] o3t B
QSARZt (teratogen, carcinogen, mutagen,
photosensitizer)©] Wt Slth Table 404 xe]
Ak919] 7kQ) Pighe B4 (active)d =2 gkolw, &}
9zt Pix ¥ €4 A (inactive) & vekbdiTh

Table 18] A= YE TAEY A8 93 573
Holy® wr 3FEEo 443 s FoF
(dose) ol vl &3t ZF713tSiTh. S8t ulejzto] A
oA o EATY FIEL YA =4S g
lch CASSIolE SIFAE 3EEE2 WA
2498 Yerdleos CAS EAstl A= ‘?}%57}
sttt A8AH ANA 9LE I} jAE A
o oA FAHPASE B v QIehtd °L?J_§}

Einstein.sec ™

Table 2. Alkylatlng Activities of Testing compounds with and without CAS?®

Absorbance/gram Absorbance/gram
Compound without CAS with CAS
X x + SD
Ethylene oxide 1.67 x 10° 1.67 x 10 +2.01
Propylene oxide 1.08 x 10 5.47 +2.28 x 107
1,2-Epoxy butane 4.99 291 +6.54 x107
1,2-Epoxy hexand 2.08 1.22 +2.16 x 107
1,2-Epoxy octane 1.24 6.91 x 10" +3.12 x107
Styrene oxide ‘ 071 3.86 x 10 +2.17 x 107
styrene 0.00 6.54 x10™ +9.50 x10°
1-Butene 0.00 525%x10° +1.83 x10™
1-Hexene 0.00 297 x10° +1.28 x10™
1-octene 0.00 1.43 x 10 +1.94 x 107
a-Chloroacetophenone 553 1.64 x 107 +4.87 x10
p-Chloroacetophenone 6.47 x 10" 3.08 x 10 +2.80 x 10™
Busulfan 1.02 32210 +1.86 x10
Dieldrin 9.66 x 107 3.45x10° +9.90 x 107

values shown are means(X) - SD(N=3)
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Table 3. Photoalkylating Activities of Testing compounds with and without CAS

Absorbance/gram Absorbance/gram
Compound without CAS . with CAS
X x £+ SD

Ethylene oxide 1.36 x 10° 1.52 x10 +3.66
Propylene oxide 0.94 x10 4.95 +4.21x10"
1,2-Epoxy butane 2.86 2.37 +3.78 x 10"
1,2-Epoxy hexand 1.99 1.23 +5.34 %10
1,2-Epoxy octane 1.08 7.76 x 10" +8.32x 107
Styrene oxide 0.63 3.77 x 10" +5.12x 107
styrene 0.87 2.65 x10° +4.73%x 107
1-Butene 0.25 2.36 x107 +4.63x107
1-Hexene 0.11 2.18 x10° +3.62 x10”
1-octene 0.00 1.49 x10” +6.91 x10°
a-Chloroacetophenone 7.53 1.53 x10° +1.47 %10
p-Chloroacetophenone 8.45 x 10 2.95 x10° +2.96 x 10™
Busulfan 1.32 3.57 x10 +2.15x 10"
Dieldrin 9.13x10” 2.62 x10° +6.92x10°

values shown are means(X) +SD(N=3)

Table 4. QSAR data from PASS program

teratogen carcinogen mutagenic photosensitizer
Pa:0.250 Pa: 0.259
Ethyl id - -
yiene oxide Di:0.169 Di: 0.069
ropvlen oxid 0.335 0.243
XHde - -
Propy - 0.047 0.044
0.167 0.132 0.075
1,2-E but -
poxy bulane 0.135 0.115 0.050
0.222 0.072
1,2-E h - -
poxy hiexane 0.052 0.058
0.200 0.079
1,2-Epoxy octane - - .
0.062 0.040
. 0.174 0.147
styrene oxide - -
0.127 0.100
0.477 0.164 0.522
styrene -
0.023 0.087 0.002
0.285 0.195 0.104
1-butene -
0.062 0.065 0.016
1-hexene - - - 0.120
0.011
0.120
1-octene - - -
0.011
a-chloroacetophenone 0.489 0437 0.345
P 0.047 0.030 0023 )
chloroacetophenone 0.374 0.176
P P 0.083 - 0.124 ; )
Busulfan 0.558 0.490 0.198
0.031 - 0.022 0.063
Dieldrin 0.885 0.850 0.500 i
0.006 0.005 0.012

- data not available
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