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— Abstract —

Adverse Effects of Kerosene Cleaning on the Formation of DNA Adducts in
Skin and Lung of Mice Dermally Exposed to Used Gasoline Engine Oil

Jin Heon Lee* and Glenn Talaska**

Department of Occupational Safety and Health, Inje University*
Department of Environmental Health, University of Cincinnati**

Used gasoline engine oils(UGEOQ) are carcinogenic in long term studies and capable of increasing
the number of carcinogen-DNA adducts in short term studies when dermally applied to mice. The
carcinogenic risk of UGEO has been attributed to the concentration of polycyclic aromatic hydrocar-
bons(PAH) which accumulate in the lubricating system during the combustion of gasoline. When
dermally exposed to UGEQ, the use of hand cleanser was commonly recommended for removing it.
But generally workers who dermally exposed oils, use kerosene as cleaner which make skin trouble.

During this study, female mice aged 4-6 weeks were utilized to evaluate the efficiency of kerosene,
as solvent-based cleanser, following dermal exposure to UGEO. DNA adduct were detected at skin
and lung tissues by using the “P-postlabeling method. Washing with cleansers were done at two dif-
ferent interval times following dermal application of UGEO.

The total DNA adducts in skin and lung tissues were statistically significantly increased in positive
control groups, and of which the total adduct level in skin tissues was statistically significant higher
than those in lung tissues(p=0.005). When washing kerosene, the DNA adduct level in skin tissues
was statistically significantly decreased(p=0.0001). But DNA adducts in lung tissue was statistically
increased(p=0.0039), and that washed at 8hr post exposure was more severly increase(p<0.05). The
slope of regression between DNA adducts of lung between skin tissues was 1.0802. In conclusion,
skin cleaning with kerosene facilitates passage of carcinogens to the lungs of animals dermally treat-
ed with used gasoline engine oils(UGEOQ).
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1990 ti/t AlAtEE Al felyet IRIEe] AF
7"} BEge 43 Frlstd 19959 ¢ A 55
g ASATE o 8d78d JHez2 9 5.39%
1d2 Ba=s JQa(FA%, 1996), o1gH €9 #
4 AudAax v o] Frketn Atk AUl
&7t #3583 4559 e AsA A3
o9l woto|th miEEe] AHEF} AFASo] AWA
© 2 2 5,000-6.000km Z3F7]ulch Sl e dwE
AAlskar 7] wi&el, AHEAr FHuldie] 71AL
A3 Hddedd 44 ZF2Hn eS¢ F
e BL-E 9 950,000 ] AFate} #
1ol FTABIHA HdA e Z2Ha )

H7t&H A2 24 (used gasoline
engine oil, UGEO)& 285 E9] HAFd Z=A

A5 o ool T Ayt EIHUG
(Grimmer &, 1982: Shoket =. 1989: McKee
2} Plutnick, 1989: Carmichael 5. 1990:
Carmichael ¥, 1992). °o|E 4d82dx= 37 o

REIZAGAA &S AP BY ope} 7]
Zz A= DNA adducts?t #4stA 71
“}S‘dth- Basigrt 28 obA 7z H7kE” Az
Qo] QAo ¢& WAL A EHE BUA
g 2% 3AlM e dRlede] 87]9Hed A<l
Fede A7t ARZ2HE HEFEAA ol
BAEUY ga AnEs Fastn ot
HrHEY AR ede] FEESEA 5o 48
st E4L IEEEsrA(PAHs) g EuEl
o (Carmichael 5, 1990: Carmichael %,
1992). ¥9Ho] sl HAEAsrL FEx A
A9AZ AAZE AHeEe) wet o wA el
b, oA FE A8AL9} 71EYe] BgHAL
5 o71x 383 49 2HE B gz 2o
8t tHBehn 5, 1980: Grimmer 5, 1982).
o|sjzto] H7IEA dF UL Weko] g7 of
ol o] o] HA¥e Z2ET AE3] A FH3 o
29EALE AASEE dnsty IIG(ATSDR,
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postlabelmgﬂo"‘?ﬂ o= ?78‘ skt

gol2zlo] Ao FEE Fo ctoz AP
Hgel "FHez DNAS APl adductsE
dAdst] wZel, e wHHE s B
Wo2 DNA adductsE &4ste A& ojn] I

ela, *p- postlabeling°ﬂ 2] DNA adducts®4]
< 10-10"7e] BAwEdeE = 1) EA435le
adductsE £4% + = WF A=t w0 93

g o]tk (Guta, R.C. &, 1982: Gupta, 1985:
Reddy$} Randerath, 1986. Talaska &, 1992).

Ay M=

A ALRE FH7EEA A 29 (Lot No. API
79-07)2 "= FAFA(American Petroleum
Institute)olld AFE Heolch, o] YU 2j& 7
FE2 A7 e delA 5lvte] 5 199k
o] whg2oA] FRFGe] TG EuHAY
(McKee®}t Plutnick, 1989: Tasi, 1994). Al=4l
2 CpCpd g3l5a EFER =i

e 5=
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/Rat Diet 7012, Madison, WDl 2% (lithi-
um)o] FHATE. 2L b 6:00410 Alzte]
o] W7} Wo| Zbzt 12417k0 8 Ez Ao}
HdHFTEL F 40508 FEeEY. WA gz
TE FH Lo dzFes FRGEE, ko) o
E2T2 H7EERAAY Z2A7 a8eln, &
9 Yz »417}@-%%3%1 Z2NANA @€x
AEFE e 28
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A= et
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W Fol 4 £25S AYNA d243 Zzag
c% 292l srzde A2 ARG, AN A
EE 80T WHmel Ruse] Agel] ALgIT

DNA Z2|al¥

DNA® 24382 Talaska et al.(1992)7} k7t =
@l Tt APl wet Axsich o 0.1 ¢
o AlgE af3]5le] 15mLAIE B (Corex test tube)
oA ¥t olFel 1.0mLe A¢KpH 7.4, 1%
SDS(sodium deodecyl sulfate, Sigma Chemical
Co.. St. Louis, MO)-1mM EDTA (ethylene
diamine tetraacetic acid, Sigma Chemical Co. .
St. Louis, MO)< #7lslar, 24ul.2] 1M Tris(pH
7.4, TRIZMA® Base, Sigma Chemical Co.. St
Louis, MO)& # 7}t

Algdd sle AlEE 102 B9t #43HBrink-
man Model PT 10/35 homogenizer, Brink-
man Instruments Co., Westbury, NJ)Al7]z
24¢1, RNase A(Ribonuclease A from bovine
pancreas. Sigma Chemical Co., St. Louis,
MO) <} 8ul. RNase T,(at 5ue/ul) (Ribonuclease
T1 from Aspergillus oryzae, Sigma Chemical
Co., St. Louis, MO)& A|@@dl| H7l3 Fo] 2

_/‘;’6‘}0&] b3 £ a8z 37¢olA] 147+

F Aol AT, 23 Fo] AHo)] G0uL
proteinase K(Tritirachium Album, STRATA-

GENE® Cloning Systems, La Jolla. CA)2 3
7¥ekar, #As] Eatg Fof ThA] 370N 3057
Aule]HAIZIT Adedol] Alge] %t EUg =
& HFd= 24mM tris-saturated phenol. o
&= phenol-chloroform isoamyl alcohol, w}
2%l = chloroform isoamyl aleohol(24:1)&
A7rstn f41E2F Fo] A& RoE syejzz
THI BAS Algel 1049 glycogen(at 30
we/pL). 0.1ml] 4M lithium chloride, 18lm
2.5mL9] 100% ice-cold ethanolE& #7}3}e]
DNAE FHAAIZItE DNA7ZE AA" Algd@e -80
cYFTA 156% F¢F B Fo| 4TS 7.000
rpmollAl 103 <+ FAEFT. oA sl Ay
e HAFAE)E 70% ez Hn F7)50
A AzAIY. JAES 1% SSC/EDTA (sodium
chloride, sodium citrate, ethylenediamine
tetraacetic acid) 8o %9l Fo| REgaxA
(DU® Series 70 Spectrophotometer, Beckman
Instruments. Inc., Fullerton, CA)2 =4 3}a
DNAEE=E Axlgtt DNA¥YEE 260mme] 53
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DNAS9] A& 73l MNSPD(micrococcal
endonuclease and spleen phosphodiesterase)
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TEHULEER 7l fio), Pﬁr HokAl ) A xk
€< Astd 023 e A = 21 649 P,
TEolobAl (5ug/rL) . 32,4419 céﬂ"}ﬂ(zinc
chloride, 0.3mM) 18]t 54 4p] 2] 24 ESR
(sodium acetate, 0.25M, pH 5.0)8] &&tee
AR H7kste] 758 F¢t Quloldle). o o
& DNAe®l “P-postlabeling® 7] 98t 5.04L
°] PNK(10 units/sL, T, polynucleotide
kinase), 28 @589 (PNK buffer) 18z
506Ci/uL [y-"PIATPE AR89 w3, wulo]al
(bicine) 2.2 &%& ZAHF th3o] 40% T A7
Hlo] g}, o] A DNAe| “P-postlabeling® ©}
3 A&+ TLC-PEI(polyethylene imine) A&2
L] g Ffe] AE(spot)S stm. Talaska
et al. (1992)7} A|A1g Wl olsle] T 2upE g
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52 stqTLCR9elA DNA adductsE #2&
o} o]TLCHo| 283 ZzA7]9 ¥31(-80 )
ol o 72N B AELH WAs ABA
o] YEUA &ta, oL wgez TLCAS
DNA adducts®& Zehfie] Wbe g FH I

DNA adducts2!| Alat

TLCAe 7H3dd] digt Wabeg Addold &
A7 (TRI-CABR® Model 2200 CA Liguid
Scintillation Analyzer)dl e #Hz2E A5
(Cerenkov counting)el &gt =3 sk, DNA
adductse] <& olzlE2]dl 2lste] RAL(the rel-
ative adduct labeling) 28 Uebdcth EAA] &
ae HAaslelr) gstel Algvitt #Ha 284 53T
o 3o o]E el Aol 20% LAHAM e
e ArgstAct.

Count per Minute of Each Adduct

RAL = %10"
1.25% 10°cpmy/prol ATP x (3240 pmol of dNP/u DNA) xuz DNA

DNAEAMz 29 Wabe ZFA8E2 Lotus
12301 olalal HEE A HFstdon, BAENS
95l PC-SASEzaRE Agsidch BAAE &
oA ZHALE §Jate § agAleldlE t-test, A
o]Ate] 15 Aloldls ANOVA, Tuckey test=
AL8-3H T

a2zt

Fig. 1€ s71&danedn A=A S 2z 3%
o] Z2AAL wol u$xel iRl e FHE
DNA adducts® ¥|@g el #mizkEddzles]
o] Fio] Zzg ulgAe] HPst o FAH
DNA adducts® 242t 30.3+9.73% 15.7+6.4%2
W OARAG ZZ AR Lo] hRF(2.5+2.29 1.4
+0.9)% wasted EARoz fodsA w3}
(P¢0.01). =3 HArtEddzred s Z2A vhe
»o] 7oA B o] ARelM K vt
9} o] m¥el| BA¥ DNA adducts?t #
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Fig. 2= 74y Az edd Zzg u
orz Aralozg MHIHS we HFE
Ao BAE DNA adducts® IFEZ ¥
@@t Aoty AmAo g A6 2zl 5
2o s@A® DNA adducts7t BAHSER
ol& folsiAl sl ed (p=0.001), H7}
Loz Z2E F 1A} 8AZH]
Al #AzAez2 A aFAA B
= 2EAAcz f98A #AAIFAY
(p<0.01).

Fig. 3¢ mizk&Eddziedel Z249 v}

d

Negative Positive

Treatment groups

Fig. 1. Total adducts in tissues for negative and positive
groups following dermal exposure of used gasoline

engine 0il(UGEO).

** - Significantly different from Positive Group at P<0.01.
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B skin

40 —+ F value = 5.89
(p=0.0035)
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RAL X 10°
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Negative Wash Wash Positive
at 1hr at Bhr

Treatment Groups
Fig. 2. Total adducts data for skin tissues of groups washed or
not with Kerosene following dermal exposure of used
gasoline engine o0il(UGEO),
Err bars show standard deviations.
* . Significantly different from Positive Group at P<0.01

60

E | ung
: F value = 6.37
(p=0.0039)

RAL X 10°

Negative Wash Wash Positive
at 1hr at 8hr

Treatment Groups

Fig. 3. Total adducts data for lung tissues of groups washed or
not with Kerosene following dermal exposures of used
gasoline engine oil(UGEQ)

Error bars show standard deviations
* : Significantly different from Positive Group at P<0.05
**: Significantly different from Positive Group at P<0.01
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a=19.87 X 10°%(p=0.0168)
b = 1.0802(p=0.2310)
r = 0.3740

Lung(RAL X 10°%)
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sa] EAAcz fotAd we A7
(p¢0.01)E Jehlle] o8¢ d7A7eY o
By

grise dAedd Z=HYe W /M
wo] Amsle ZAE & AAAE Agste
A0l (ATSDR: 1994), £ Al&Adle Lu=
oz =meEst d-limonenedl® FEET
(Elegbede 5., 1986). ¢1& ol dH o
2 9xd Zog 09S AAY Hdtd &
WES Zoapse] del AHgstn e, ol

® a 9
10 |%® - B AL AgetA SR WE7E dzs S,
wEdoz Age HW 9 AFHeE
0 1 ‘ : ; 1 At ARFL Yoz 4+ YA Brh
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Skin(RAL X 10°)

Fig. 4. Regressions of total adducts between skin and lung tis-
sues of groups washed with Kerosens following der-

mal exposure of used gasoline engine 0il(UGEQ).
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w5l ol HRzad 34" DNA adducts?t #
zAd M B §o8kA EkeH(p=0.005) 1 Hxs}
dr}, olAL WEE Fotd F5E B U
PAHs7t s%eA 2gEA2 diatse] DNA
adducts® FAsRAT, Aol EFF8 AEF
A e ko] PAHsto] £871#E F3to] o|Fdt
o HzAdx wEds diabsle] DNA adducts
2 Y59 se HaFn Yo, & a7 432
BN E H7EY dAedH ARMNE FZ AN
o Z2AZAE we FHrHEA AR eAe] AR F
29 vjgxol mxe #Ho FAE DNA adducts
x 242+ 30.3+9.7% 15.7+6.424 AZAT T2
A7) oo tEF(2.5+2.29 1.4+0.9)3% ¥lwst
o EAAoz golshA B3R (p0.01), £F A7t
zd dAeds ZRAZ vpeadr IRz
#49 DNA adducts7t #zzd @49 Rel ¥

60 Dobson(1979)8] @FolA F&A #7180

(EHE)T A7EA g AHAE AHEAS
o w8 RFuke] &4do| ¢ Hfx, wh
A AQiAeM wyste MEHe YAE 4
cugitin Bastgch, 2 Q7o datelA
suEQ A2AL AHAE AHEEIHE 25
o] 553240 #8418 DNA adductsel ¥ s}
Az ek #z=d] dAE DNA adductsd] &F2
9 g Z7lel] AzAeZ MARA &L 15
vl o3zl FAAR Kol B2 FTO=
zZylatgie}, Wt zZt ARFECAM 549 DNA
adducts33S AEZ2A HzHow T 3
ArMelg e @ AP 71&7] (slop=1.080)
7b WS EA Z7helE S-S BT oL AR
NG AzAE nERo 2 ALGSRS 7Afo THE
o] FzAY e W] FrRes vt =
Az olg Alzoz wn|ge} HE2AHqA DNA
adducts® #4Qsted 288 4L sle TRS
3} AE(PAHs)o] 9523 0] FolglowA TdE
Az gatEle v We An, 1 gl €871
2 23l HzHoz 4A olFH B ¥ ¥
Aol 9lE dAIRAZ S-S gniF.

s2o Zug od8do} fajEEe A
o] Holt MHAE A& G5F GEAe A
g F48 Z7A20E AL gitao g yolgol
7] oj@l & =gloltt, a8y ¥ A3AAE & o
Az ARAZ AHReA HA ol =27t A
e UxE 1 Jee RoFY, vE & A7 F
2230 Bk @AFe] m, doR wgEd]

— 294 —



diAlz]ze] g o] e 77 e FEA T 2 A
g9 A7ATNE AR e sslddd AR
29 AzAon BEANG vk o]

¥ded

[e]

-"“]Hr_‘t_ A EFEl1 HE olgse] WAz o
Atgo a2 HzZZoM DNA adductsE Z7147)
1 902S sl

REFERENCES

ATSDR(1994) Toxicological profile for mineral-based
crankcase oil. Atlanta, GA : U.S. Department of Health
and Human Services, Agency for Toxic Substance and
Disease Registry.

Behn, U, Meyer, J.P. and Grimmer, G.(1980) : PAH-
Kumulierung im Motorenschmierol PAH-Emission aus
Ottomotoren, Erdol und Kohle-Erdgas 33.

Carmichael, P.L., Jacob, J., Grimmer, G., and
Phillips, D.H.,(1990) : Analysis of the PAH content of
petrol and diesel engine lubricating oils and determina-
tion of DNA adducts in topically treated mice by 32P-
postlabeling, Carcinogenesis, 11, 2025-2032.

Carmichael, P.L., Ni She, M., Hewer, A., Jacob, J.,
Grimmer, G., and Phillips, D.H.,(1992) : DNA adduct
formation in mice following treatment with used engine
oil and identification of some of the major adducts by
32P-postlabeling., Cancer Letters, 64, 137-144.

Carwardine, K.D.(1996) : Evaluation of abrasive hand
cleaners on dermal carcinogen absorption from used
gasoline engine oils, Masters thesis, University of
Cincinnati.

Elegbede, J.A., Maltzman, T.H., Verma, A.K.,
Tanner, M.A., Elson, C.E., and Gould, M.N.,(1986) :
Mouse skin tumor promoting activity of orange peer oil
and d-limonene: a re-evaluation, Carcinogenesis, 7,

2047-2049.

Dobson, R.L.,(1979) : Evaluation of hand cleansers,
Contact Dermatitis, 5, 305-307,

Grimmer, G., Dettbarn, G., Brune, H., Deutsch-
Wenzel, R., and Misfeld, J.,(1982) : Quantification of the
carcinogen effect of polycyclic aromatic hydrocarbons in
used engine oil by topical application on the skin of
mice, Int. Arch. Occup. Environ, Health, 50, 95-100.

Gupta, R.C.(1985) : Enhanced sensitivity of 32P-post-
labeling analysis of aromatic carcinogen: DNA adducts,
Cancer Research, 45 5656-5662.

Gupta, R.C., Reddy, M.V. and Randerath, K.(1982) :
32P-postlabeling analysis of nonradioactive aromatic
carcinogen-DNA adducts, Carcinogenesis, 3, 1081-1092

McKee, R.H., and Plutnick, R.T.,(1989) : Carcino-
genic potential and gasoline and diesel engine oils,
Fundam. Appl. Toxicol,, 13, 545-553.

Reddy, M.V. and Randerath, K.(1986) : Nuclease P1-
mediated enhancement of sensitivity of “P-postlabeling
test for structurally diverse DNA adducts, Carcino-gene-
sis, 7, 1543-1551.

Shoket, B., Hewer, A., Grover, P.L., and Phillips,
D.H.,(1989) 32P-postlabeling analysis of DNA adducts
in the skin of mice treated with petrol and diesel engine
lubricating oils and exhaust condensates, Carcino-gene-
sis, 10, 1485-1490.

Talaska, G., Roh, J.H. and Getek, T.,(1992) : “P-
Postlabeling and mass spectrometric methods for analy-
sis of bulky, polyaromatic carcinogen-DNA adducts in
humans, J. of Chromatography, 580, 293-323.

Tasi, P.J.,(1994) : The effect of single and multiple
dermal application of used gasoline engine oil(UGEQ)
on DNA adduct formation in the skin and lung of mice.
Masters thesis, University of Cincinnati.

A A" &9 BA(FR), 77-79, 1996

— 296 —




