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

Jin Heon Lee* and Glenn Talaska**

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

Used gasoline engine o0ils(UGEQ) 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 UGEOQ 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 UGEO, 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 UGEQ. 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 UGEQ.

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(UGEO).

Key Words : Kerosene, DNA adducts, Used gasoline engine 0il(UGEO)

+£ Q7€ 19963 F7] A2 AFE #9] Post-Doc. A5y olM 479 AY.

— 289 —



M B

19908 ti7F Al FSEBA vt FUEY AF
A} BFFe F43) Frkskd 19959 T 4 55
g Agatee o 479 JHgos Q1T 5.39%
192 23 An(EAH, 1996), olscEe] &
zat FugAs o)$ go] Fvista Aok FHA
27} FPske 8% 4739 e AFA AR
29 wgolth o AFA AFAIEC] Yuty
o2 < 5 000-6,000kn 3F7ivict AR dwmE
S AAstz A7) g2l sk Fuldae] 1A
= A3 HdAeded 44 Z=2H1n USE ¢ F
olch. ol=e] A$E oF 950,000% 0] A-FAe @
dd Fgd FAletEA HARedo] ZF2=a 3
= STk 5 L2

add, H7lEddA Y (used gasoline
engine oil, UGEO)& A3dF &9 ¥ Z2A
A< o ol AP TE A}rt TIHUAG
(Grimmer %, 1982: Shoket 5. 1989: McKee
9} Plutnick, 1989: Carmichael %. 1990:
Carmichael 5, 1992). ©1§ H4¥dZd#= 37] 9
BEI AR ¢ TARE ¥ ol &r] H
BEaAHdME DNA adducts?t &84 7t
Fcn Busgch. B8 oA srkEd AR
o] Aol & LA FFEHE YIA
gk, 2d 3aldxe AR Yol &) “#H<l
Aede] A7 HRE2HA AHFENA Yol
wAEUty g AnEE ¥Esta ok

H71Ed AR FEUAA FLIF S
e 4o wEkEesleA(PAHs)2ke 2aER
tH(Carmichael ¥, 1990: Carmichael %,
1992). el de WFERIFLY e o
QAL AN AHEE) wel o ¥A FUiE
b, oA FE d8dLe) r1Ede BEHA
= 2714 8% 9Adn 2§ @A Aoz B
st (Behn 5, 1980: Grimmer %, 1982).

ol¢}zto] HrIEY AR YL Aol U] o
Bo| o] BAo| mPo] ZIZHW A&3] A3
2FdEAL AANEE Fndn UDG(ATSDR,
1994). 18y old AFAe 3 Pe] A LE =
Aot e AEA ANESFE T/HE 5 W71 A

BB

FA(ATSDR. 1994: Carwardine, 1996), A3
Aol Aee v Fasict

AN E B2 AREEC] I 2d¥ett oy
g H7kEd AR o] & Fol ZRHUS o AlH
Az A2A(C,Ceidle s EFE)E A
g3tn e, oA HriEddA Y FAH
o] e YAER AU FFE S/HE 7HsAdel
9.

B d7e BrEe HrkEd dieds Y E
o] HRo] Z2AFIR ARACE M3 HrME
d dAedd giHe e TLEAY HYWEST
d g JFS FHstuz . LFLEAY F
FE o]2 sl FA=E DNA adductsE “P-
postlabeling®g 22 £33t

wetZzlo] Auld] F2g Fd oz MPse=
FAAeA PrHoz DNAS A3 adductsE
PAsly] d o], FEde AP E e W
o2 DNA adducts® &3de AL ofn] iy
i, “P-postlabelingel ¢} DNA adducts#H
2 10-10°0el FAwEELel=d 1 EAste
adductsE ¥4 & 3lg vF Z=r Eoa A%
d ol Guta, R.C. 5, 1982: Gupta, 1985:
Reddy¢ Randerath, 1986: Talaska %, 1992).
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o8 =

AFolA A1g8 H7iEAAR A (Lot No. API
79072 v1=38{AT4(American Petroleum
Institute)ollX] AFE RAolch, o] U % o
Bxa 27 $E4A49 AA 519t F 19918
o] vpg-2olA FRFgo] WYY BaEYct
(McKee®t Plutnick, 1989: Tasi, 1994). #A24
& C;pCisd E3leh EFEZE Holgloh

o3 5=

Aol A2 APFEL HSD(CR) BrEoz
M 4-6%29 AAvl$xoltk. Harlan Sprague
Dawley(Indianapolis. IN)ellA F{13ted AAH
gistne] AY APl AUt ¥4
o] Aery 22t BHEEE 55%°1UL
5 E3 22 (Harlan Teklad LM-485 Mouse
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/Rat Diet 7012, Madison, WI)el& 2l E(lithi-
um)°] H7HEAG. 2P o 6:00419] Az
o] vz} dho] Zhz}h 1241t 2 X2 Y=}
APFELS F 40502 FEIAG. H9A Y=
S 33} 2o gxFer FERIHAEH, Lo o

T2 HrEddA oY EgAgl 150, &

WZzTe HAr7lEdQdRedd E2A71A ¢n
ZAT Z2A21 agelth ddTe 20E 7B
stged, HrIEARN Y S Z2AZ Fo Y
APFE 1A7k0] A Fofl AZAE A2,
o2 e AgTe 8A3to] A Fo Azez
L =3

ul$-A0] AME F9d sle €¢ AAsn, 2
Xl HriEdARN oY) ARG A3l 5044 5
AFN EZZAIAY. mAY E2E vlXlm 24A3
At Fof 2k BEES FAYANA HZA3 Z2AH
A B ARzAL AFE ARG, AFHF Al
2¥ -80C ¥R o] Rusin] Ay ALgsT
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DNA &z2[4¥

DNAE®243-2 Talaska et al. (1992)7} Fzt ®
sl BE AP ubet AAEgc. 2F 0.1 g
o] Al8E A#Hstd 15mLAFH(Corex test tube)
of Wt ojXo 1.0mLe AleHpH 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)& #7¥sta, 24u.2] 1M Tris(pH
7.4, TRIZMA® Base, Sigma Chemical Co., St.
Louis, MO)E #7135t

Algdel] sle AIEE 102 59 #3238 (Brink-
man Model PT 10/35 homogenizer. Brink-
man Instruments Co., Westbury. NJ)Al7]1
24uL, RNase A(Ribonuclease A from bovine
pancreas, Sigma Chemical Co., St. Louis,
MO)¢} 821 RNase T,(at 5ue/sL){(Ribonuclease
T1 from Aspergillus oryzae, Sigma Chemical
Co., St. Louis, MO)E Alg#d A5t 3o &
g adled ehds] B aElm 37CAA 1413
B AFulolAAIY, ¥ Fo] AT 604L
proteinase K(Tritirachium Album, STRATA-

GENE® Cloning Systems. La Jolla, CA)E& A
7keta, @A EFF Fol oAl 37ColA 3087
Aol A zITh, Al T Age] %=t TAS B
12 A-Je 24mM tris-saturated phenol, t
o= phenol-chloroform iscamyl alcohol, ©}
A gtell = chloroform isoamyl alcohol(24:1)-&
Azletn AR Fo $F 98 A¥olzg
BH g, B33 AlFe] 106l glycogen(at 30
wg/pL), 0.1m2) 4M lithium chloride, 283
2.5mL9 100% ice—cold ethanolE 7}t
DNAE AAAZIck DNAZ AA" A1 @84E 80
clAe] 158 Fet B3 Fdl, 419 7.000
rpmoiA 108 <t dAE] s} o]FA sl A
A AP FAE)E 70% AFEE A3 F7 5
A AZAIY, AAEE 1% SSC/EDTA(sodium
chloride, sodium citrate, ethylenediamine
tetraacetic acid)&9el = Fof EFFxA
(DU® Series 70 Spectrophotometer, Beckman
Instruments, Inc., Fullerton, CA)Z2 &% &t
DNAFZE AT DNAREE 260me] 533
T 38 ¥ #tel9, d¥= we/ul7t "t

ZP-postlabelingEA{ et

DNAS] A8& AFsted MNSPD(micrococcal
endonuclease and spleen phosphodiesterase)
£ 43 A7 B9 Aol Ele) DNAE 39
-r'?“f—:_-‘ HeElEg ZteRagch PiwSaokAl AlA N
S A3l o e &Y, & 21.64L8 P

Zol oA (5ug/pl), 32.44L9) 3ol (zine
chloride, 0.3mM) Z8l2 54.4u419] 2AHVEE
(sodium acetate, 0.25M, pH 5.0)2] &34
Mg Hrrsle] 758 Bt ettt o o
+ DNAGol *P-postlabeling® &}7] 18l 5.04L
9] PNK(10 units/#L. T, polynucleotide
kinase), #Pd3 ¢#384(PNK buffer) 283
50pCi/pL (7-"PJATPE Algd ¥3, nujolil
(bicine) 2. & §F& M theol 408 FU* AF
wWoldgit}h ©l3A DNAG #P-postlabeling® v}
F A &€ TLC-PEl(polyethylene imine) &2
2% F HEd AE(spot)E 3Flil, Talaska
et al. (1992)7} A& ol 2)dle] 22nE s
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£ SATLCHA A DNA adducts® ¥aid
t}. o]TLCH®el EE F2A17]9 J42(-80 T)
oA oF 724128 Rt "B WAt #A3A
o] UetuA 3dtm, o|AE wg o2 TLCAS
DNA adducts@-& #ohlio] HAlsE& 38},

DNA adductse| A&

TLC29 3o uist HAbsE Ad#Eeld &
A7 (TRI-CABR® Model 2200 CA Liquid
Scintillation Analyzer)ol Q& AJAB A7
(Cerenkov counting)ol <3l &% 3l:, DNA
adductse] ¥ offFH ol olstd RAL(the rel-
ative adduct labeling) © & uJEehdct EAA] o
A5 HaslEl] 9t Algeit H4 29y &3
< 39, ol 9 Aole 20% LAPEAWC de
#g AHEE T

Count per Minute of Each Adduct

DNAEAMzIES ¥Abe FHARELS Lotus
12391 ojsted HFEA HFsIH o, TARME
H3te] PC-SASZ2aYE Agsidct. 43 &
944 AALE gt 5 agAloldl= t-test, A7M
o]de] 2§ Aleldle ANOVA, Tuckey testZ
AHg-8tA T

¥ 2ot

Fig. 1€ #7&ddA U5 A=ANL 2z g5
o Z2ZAIFAE wo] vhexe] mRe Ho PYAH
DNA adductsg ¥lmg Zeltt, Hrieddned
o] WHd Zgg ulgro R Ho FAW
DNA adductse z}2t 30.3+9.7% 15.7+6.42
W AR Z2A7) SO dXF(2.5£2.29 1.4
+0.9)% vimsld FAALE {FodA EAT
(P€0.01). =3 Hri&Adned e 247 vhy
29 Lol B, go] AEM BE u)
o} o] s1%o| AV DNA adducts7} 3

RAL = %10
1.25%10"cpm/pmol ATP x (3240 pmol of ANP/uz DNA) xug DNA
50
T value = 4.31608
p value = 0.005004
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Fig. 1. Total adducts in tissues for negative and positive
groups following dermal exposure of used gasoline

engine oil(UGEOQ).
*#* : Significantly different from Positive Group at P<0.01.

of FA4E Ao wstd FARoZ Fel3iAl
EeH(p<0.01).

Fig. 2 #7144 dzlede Z2€ v}
S22 AsAez AHPYL wo HRx
3 dAdE DNA adductsE IFH=Z 9
2% Aelth, A2ANC T AA T o)sie] 1
5ol ¥A" DNA adducts?t $A3e=
i fe3tAl ZAass e (p=0.001), #H7}
LA edd Zgg F 1A 8AIZto]
Adoged Aoz AAF aF0M =
F BAXoE {984 Fizdd
(p<0.01).

Fig. 3& #i7k&ddA o del] E24 vl$-
28 ARAMCZ MRS o] Hx2d
H4d"d DNA adductsE 2§32 vag
Rolt}, #Hrl&ddNedo Z2d€ opgA
g ARsez S e MR &
< %ol vzl o3l8 FAXCE ¥4 Y
ERstH(p=0.0039). 53] #HrI&d A Y
Z29 Fof 8AI7to] A dthee] ARAlez
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50

W Skin
40 :F value =589
( p=0.0055)

RAL X 10°

Negative Wash Wash Positive
at1hr at 8hr

Treatment Groups
Fig. 2. Total adducts data for skin tissues of groups washed or
not with Kerosene following dermal exposure of used
gasoline engine 0il(UGEO).
Err bars show standard deviations.
** : Significantly different from Positive Group at P<0.01

60
EE Lung
: F value = 6.37
50 A (p=0.0039) "
40 -
©
X 30 A
:
20
10 A bl
0-
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 0il(UGEO)

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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A3 a2FoMe DNA adducts7t ©l$
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Fig. 4 #H7I&Edd729d Z=29 2
oo Ag AzAos AIHHS uf 7 A
89 ¥xeo HzA4A FAE DNA
adductsE-& 3AWAH 2 o3t A
E B4 Aotk mRoA FH4E DNA
adductsFFol Hldte HZANM EL &
Foz f’“"‘éﬂ AlA FANAH A 71
717t & ZAALE o] F3 Ach(b=1.0802).

o &

HrtEd daede A HRER FE
AgolX ot T, BT ARZ=A
HolAE DNA adducts® ZF7H7IE Ao
2 A=A olAE HrtEAd AL
o] WrEHo]l FRHUZ HEJQH, ojE
e waEaslsA(PAHs)Y &3te A
o2 BRudUHGrimmer %, 1982:
Shoket %, 1989: McKee$} Plutnick,
1989: Camichael &, 1990: Camichael
%, 1992). Carmichael $(1990)& #7}&
ddyede #io Z2AZAL ol A
H= DNA adducts 50| F9Eas A
¥ dudAs vt dFERE Ed2
DNA adducts® ¢d4E& #7145 e
AEEA QAN RER ALY F sidn 59
3t et ©i97] Carmichael $(1992)= =
O d7ddAM #HEY XY S HR

Z2ZA7E ol DNA adducts A8t
EZEY tistd EAslyed, 2Re Wz
(g.h,NEFA, 2, HR(a]JAZTE
(1.2-dJele#l, Wix(g h, i)z, W=x(a)

Hdll, #x(g hi)sd 5o dArAEdoeln,
WEENYE o Sl A= I3 e B3R
°1 H7bEd AP Y] HHAgol F83 o

< 3tz Uckn E_z_-a}%lﬂ} Grimmer %
AR ede hal] AT
£ A=, ]ﬂ‘é‘—@ AR edd o3
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st BAIAoR KodA ¥ A7AH
(p€0.01)E YEeldo] ojge] AFZATe}
7=

HrkEd AR eded Z2HRe o g
Bol] ARdhe 23 e & HIAE AL
A (ATSDR: 1994), & Al3AlE= dutE
o2 &WES d-limonenedl2 FEHL}
(Elegbede 5, 1986). °|& FollA dutdo
2 15 X229 U AAs] Y3t &
HES Z22A50] de AHEsta e, o
& AMgEHA W HB87) Azs Ha,
WA 02 AL HY Hid JFEHon

20 a=19.87 X 10°(p=0.0168)
b = 1.0802(p=0.2310)
° 1 =0.3740
. = 0,
w0l e CV. =4544%
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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(UGEO).

do] 18% & A3ty Endch
A7MEEAN AL A¥d Z2ARHE o B
Z1e ARxzAy HzAHoleln A o,
Shoket $(1989)& #Hrl&EddNed g oo Z
EAAE o IR HzFdA AgFTAd 93
DNA adducts?t 8A=I9eH, 1 &0 dRT
of nisld BAHoZ fFolstAl E:(p<0.0001),
T3 oln wRF3 < FAdE DNA adducts’t
ZA oA B} fofstA EdcHp=0.005)3 Eu3}
Ak ol IRE B EFTE WS 49
PAHs7I H5oA aEAZE diAlsHo] DNA
adducts® #AA3EAIT, Adldl F58 AEF
A A2 <ke] PAHsTo| ¢87|#& F38la] o}F3}
o HzF A TdEA2 Al o] DNA adducts
g FAsYSL HAFa Ut B 979 432
FoMe HrEY dNedsn AZANE g AR
o Z2AAE wol #HrHEY AR Ye] HR F
2% vhgxo] mie He 4 DNA adducts
= 77} 30.3+£9.77 15.7+£6. 424 AZAWL £Z
A7l &9 ZTF(2.542.29 1.4+0.9)3 v wd}
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HA4¢¥ DNA adducts7t =2 P A o
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60 Dobson(1979)8] A7olA HEAA £7189)
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A ARl dAse Hide] wlx 7t
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adductsTEE& HF2A I Hzog FE3I 3|

AR E o AALF2A S 71€7](slop=1.080)
7} Wl $ =4 ZUHEIEES HAF olAL AR
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AzAlol o AFoz dv|glo} 3Z2A A DNA
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ol e tAFEEZR HASE v gt
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