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7H-Dibenzo [c,g] carbazole® Dibenz[a,j] acridine®l ¢}t
DNA adduct® *P-postlabeling ¥4
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“P-postlabeling Analysis of TH-Dibenzo[c,g] carbazole and Dibenz[a,j]acridine
DNA Adduct in Mice
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N-Heterocyclic aromatics (NHA) are widely occurring environmental pollutants formed
during the pyrolysis of nitrogen-containing organic chemicals. NAH are found in signifi-
cant amounts in tobacco condensates, synthetic fuels, polluted river sediment, and
effluents from the heating of coal. Following topical application 7H-dibenzo[c, g]carba-
zole (DBC) induces cancer in liver as well as skin, indicating that dermal exposure can
lead to systemic effect. DBC and dibenz[a,j]acridine (DBA) are examples of NHA. The
potency of many carcinogenic compounds is related, at least in part, to the efficiency of
their biological activation. We undertook studies to determine which initial metabolites
lead to the formation of high levels of carcinogen-DNA adducts i vivo. DBC and DBA's,
DBA, trans-DBA-1,2-dihydrodiol (DBA-1,2-DHD), #rans-DBA-3.4-dihydrodiol (DBA-34-
DHD), and #ans-DBA-56-dihydrodiol (DBA-56-DHD), were applied to the skin of mice.
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There were six adducts that were related to DBC application. These addusts were seen in

the target organ, liver at high levels, but at very low levels in non-target organs, skin,
lung and kidney. In skin, DBA produced two distinct adducts. The same two adducts
were seen when DBA-3,4-DHD was applied. In addition the total adduct level elicited by
DBA-3,4-DHD higher than that of parent compound. Two adducts were seen when DBA-
56-DHD was applied, but these were very different from adducts seen with DBA. These
results suggested that activation of DBA to DNA-binding compounds in skin includes

initial formation of DBA-34-DHD.
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N-Heterocyclic aromatics(NHA)= #7144 &
e dEsA AdEE Y LdEFolth
7H-dibenzo [c,g] carbazole(DBC)# dibenz[a,j]
acridine(DBA )2 NHA®9 tiB A o2 §4
A8(Ho 5, 1981), ®7]7F2(Serthet Hughes,
1980), M& #3 2 (Wright ¥, 1985), @uf a7
(Van Duuren %, 1960), 3 2 G E(West &,
1984) Sl A HAFE ol # TP A7t
%ol AP 1 Ut

DBCE #2:E 718l T3t #H ¢ (Sella-
kumar$®} Shubik, 1972 ; Sellakumar %, 1977), A
Aol BTFA3 AU (Armstrong® Bonser,
1950) 3 ¥ ¢ { Andervont® Shimkin, 1940)0] 248
5t 3 DBCE ¥ i Fojsld Fof 5.9
o 3] 8- (Warshawsky9} Barkley, 1987)3 W3
7182 W3ol} < Bonser 5, 1954)°] ftE o]
DBC7} #te] 4 g diFgo] dgg A
st Sl

DBAE ul9-2:9] 5 3lo] R3] guld ol
Al gl e ol dibenzla, hlacridine, dibenz[c,
hlacridine oA Bt} Ekow DBCE benzo
[a] pyrene ¥4 B 2%t (Lacassagne 5,
1956 ; Wynder, 1963; Warshawsky®} Barkley,
1987). ¥HA DBAE vh¢-2:9] dH3te)] FYstH L
1} 5% (epithelioma)®] WA #FAHA sk
th(Lacassagne %, 1956). E3 # o} A 2E 2 7]
SUo] DBAE FYstdot ko] AR A of

%t} (Stenbiacket Rowland, 1979 : Deutsch-Wenzel
5, 1983). o]9} o] DBAS] 9% WelAdel #
3 Me AR o] AX&A] g1 Ut

WA NHAVE e EXo T 31288l
of A g Jehl 7l e FHRFHE(electr
ophilic) stgE 29 EHL7t 279 Conney,
1982 : Pelkonen® Nebert, 1982 :Schurdak 5,
1987). NHA #<49] bay region 7Hd-& bay re-
gion ¥-91¢] o|FAY T2 benzoring dihydr-
odiol 258 F X" diolepoxideZt B#E HEEF
{ultimate carcinogen) ¥ 2w} (Levin %,
1983 ; Wood 5, 1983 ;Chang %, 1984;Lehr %,
1985 ; Steward &, 1987 ;Bonin %, 1989). Gill
5(1987)2 DBAZ} 3-methyl cholanthrenedll 2] 3}
frd WA 7 vazEd s tre
ns-DBA-3,4-dihydrodiol (DBA-5,6-DHD), DBA-5,
6-oxide, 3-hydroxy®} 4-hydroxy DBAZ thAlE &
w3

DBC¢ DBAS 3&tx Fz7F g 2y
NHAS®} #29°] bay regiong &#3l2 58 A%
@k ol Aolsted DBC, DBASH 2 WAL E
o ©J& DNA adduct 4ol #atd AHstct.
B A7 A3 5EA3e 3AA, DBC ¥ =
&9 A #48& %ia A, DBC ¥¢4Y
HAHA7NE Lot AR, DBAS oj® AR
o] DNA adduct® 2 &A A 7l=A 98t
© Aol
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1. AEE

DBC#% DBA¥ Amersham(Arlington Heights,
IL)2%H T38%29 DBA-12-DHD, DBA-3,
4-DHD % DBA-5,6-DHD¥ Rosario 5(1987)¢) W
Bl et APl gAsdt. DNA 2als}
DNA adduct ¥4& 9% AlY 2 dFA5E
Talaska %(1987, 1990)2] ¥yt 2t}

2 dHEE ¥ 4EFO

8—10F ¥ Hsd:ICR(Br) vl9¢28 AYEE
2 AH3on 4E RAE 9 wRe o
6cm’ FAE H717H9 g At AYEG 3upa
o] vi$-29] #¥e] %&(DBC, DBA, DBA-1,2-
DHD, DBA-34-DHD, DBA-56-DHD) 100ug&
50ul ol Eo E&std 13 =¥d Yt gz
< oME 5S0ulE EXIHG. A 2447
oh¢2E AN ¥ 9B, 2 H, AL FHa)
DNA XA 747 —80T stol A ¥ 5 R A&t o).

3. DNA E2| % adduct 24

S A3 RNAE 4oz EfAzgon ¢
A2 22 DNAE #2139 tHGupta, 1978).
DNA adduct® 4% *P-postlabeling & A3}
o EM3AH Gupta ¥, 1982; Reddy %, 1984
Talaska &, 1987:1992)., w2dSLEz BIE
(digests) DNAel vlaled JejHoz A st
9] [*P]JATPE A}€% adduct intensification %
A3tol Al labelingA1Zth A4 wEHLEE
Gupta 5(1982)9] & o] g3l Wt m 20}
Eaf AT Adduct® 231938 B Dol A
A M DellA 84 IV Ee VE o] &84
(Table 1). Adducts®] $IX438E YA Kodak
XAR-5 HE# X-Omatic regular intensifying scr-
eend ©]-&3t] —80CAHANM A FA A}

(Reddy %, 1984;Randerath &, 1985).

A wEHLEE9 adductd] BHEE =
331 relative adduct ladbeling(RAL) & t}
Hog FAAsAh RAL#L 10719 AN &
HLEE F9 adducty) & Yepdt)
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Fig. 1. Structures of 7H-dibenzo[c, g]carbazole (DBC)
and dibenz[a, j]acridine (DBA)

Table 1. Solvents used for thin layer chromatogram

Solvents Composition Direction
I 0.7M sodium phosphate, pH6.0 D,
i 3.2M lithium formate, 7.6M urea pH3.5 for DBC D3
i 26M lithium formate, 6.0M urea for DBA Dy
N 0.8M lithium chloride, 0.5M tris, 8.0M urea, pH8.0 D,
Vv 1.5M sodium phosphate, pH 6.8 Ds
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DBC Foo) & vj¢29 7, #H5, ¥, A
Aol 1 DNA adduct 340l #&F=UH(Fig. 2).
oh¢~9] B ME 6709 adduct(l, 2, 3, 6, 7,
8)7} A HAAEH adduct ¥ol ThE o vl
7H¥ Eotem & RALA -« 149.3X1001i 0k |
e 4709 adduct(2, 3, 6, 7)7F BAHAo L}
% RAL 5.6X10°2 3t 23 vig ek}, E£g
A AN A 4709 adduct(3, 6, 7, 8) BAHUNLH
RALX 94l 29te™ adduct 739 8 3Tk
et ASEA gk AR AE 6719 adduct
(1, 2, 3, 4, 6, 7)7F BAHUSH 1 YL
addcut 29+ 3°0] ¥o} adduct 69] RAL of & 3t
% Hoe et (Fig. 3). DBCe 24 #4

Table 2 DNA adduct levels in mouse tissue, expressed as
RAL X107 values, 24 h after topical application of

100ug DBC
Adduct* Liver Skin Lung Kidney
1 8.81% 2.4° 3.6%2.2 - -
2 11.6% 4.7 9.4%+2.6 0.7£0.2 -
3 28.4+ 85 6.0+1.0 2.0+0.9 2.4%0.9
6 91.3+28.9 2.4+0.5 2.3%0.5 0.6%0.0
7 4,6+ 0.8 - 0.6+0.3 -
8 4.4+ 2.0 - - -
Total 149.3 21.4 5.6 3.0

*Adduct numbers correspond to those of Figure 2. Adducts 4,
7 in skin, adducts 2, 7, 8 in kidney could not be accurately
quantitated because of inconsistent recoveries.

®SD of the mean

2o g7 @A 2, #H, Mg DNA adduct
E PAQPANA DBCE =4 ¥ HAFHELEL e
= AL 4 4 9o DNA adduct B4Adol HelA

Fig. 2. Autoradiogram of “P-postlabeled DNA obtained from mouse tissues prior to treatment with 100ug DBC. left:
DNA adduct patterns in the liver. Right upper ; DNA adduct patterns in the mouse kidney. Left lower ; DNA
adduct patterns in the mouse lung. Right lower ; DNA adduct patterns in the mouse skin.
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78 Eot DBC 2% FEAZ7 & oln o
5, ¥, A% vgARr2 AdEd. =@
DNA adduct®] §¥o] Ttz3 37} sjRx3 o] ga
Z3d we dAEze HF dUdgo] Folge
Al e

%P.postlabeling ¥4 ZH3 Zgoldd-dE=
22 ¥tk 3 2ol E 2 (polyethyleneimine-cellu-
lose thin-layer chromatogram )/l Al DBA, DBA-
3,4-DHDS} DBA-56-DHD+ ZtzZ} 27§¢] DNA
adduct& ¥ ¥-olA A2y DBA-1,2.DHD
+ DNA Adduct® ¥A4atA &% Fig 3). o
Abge] 23 ¥ DNA adductsdll Al DBA-34-
DHD® DBA £t FYUg DNA addeut ¥4
el ey DBA-56-DHD 91§t DNA addcut
%38 DBAS DBA-34.DHDS= Aolstgitt
(Fig. 3).

DBA9 Z4XelF HEAA HI addeut FE

Table 3. DNA adduct levels in mouse tissue, expressed as
RALX10" values, 24h after topical application of
DBA and its metabolites

Agent ADDI* ADD2 ADD3 ADD4 Tatal
DBA 2.6 0.0 0.0 0.0 2.6
DBA-3, 4.DHD 10.9 7.3 0.0 0.0 182
DBA-5, 6-DHD 0.0 0.0 2.1 L5 3.6
DBA-1, 2.DHD 0.0 0.0 0.0 0.0 0.0

Dermal application of 100ug DBA’s in 50 ul acetone.
Animals were sacrificed 24 h following treatment, a ; adduct

% gAMES g Zu(Table 3). DBA-34-
DHD DNA adduct®] % RAL& DBA DNA
adduct®] RAL| ws) 78] wich. 71&$ nupe}
Zo| Y% 2719 DNA adduct(adducts 134 2)7}F
DBA®} DBA-34-DHDE %93l ¢& o S35
ov & ¥Hel9 adducts(adduct 33 4)71 DBA-
5 6-DHD Fde] o3 AA A} DBA-56-

Fig. 3. Autoradiogram of 3’Ppﬂstlabelea:l skin DNA obtained from mice back skin. Left upper ; DNA adduct patterns in
the mouse back skin prior to treatment with dibenz {a,j]acridine (DBA). Right upper ; DNA adduct patterns prior
to treatment with DBA-3,4-DHD. Left lower ; DNA adduct patterns prior to treatment with DBA-5, 6-DHD.
Right lower ; DNA adduct was not seen in mice back skin prior to treatment with DBA-1, 2-DHD.



DHD DNA addcut¥ RAL-2 DBA adduct®tl+
1.4¥} 3, DNA-34-DHD adductitis 59 2
tth(Table 3). ol A}z DBAE FAWgt
Edolv] DNA adduct ¥4°] DBA Bt} hALE
%! DBA-34-DHD| A #ol DBAS B BlR
(ultimate carcinogen)® DBA-3,4-DHD®|% DBA-
1,2.DHD+ #&®{t K= >&9d.

o #@

“P-postabeling §& A H L & "ol =3
Y AE7t gl 10-10° FEHLEE F9 1
MY adduct7tA £HE 4 U gupd wARY
59 e #go) asA dvhe Holth
o] E4 Y& 0|83l DBCY DNA adduct B4
€ EAMF F7 DNA adduct ¥Ao] FFaOMEE
9l ZllMe A Jebdi JEEAYME oY,
H, AFMe gd. = 77 99 DNA
adduct ¥7do] el ole e HF UUEE
o] 3-hydoxy-7H-dibenzo[c,g] carbazole®] i1 ] %
N e o] stgrEe] HEo] A7 W Folt(Schu-
dak &, 1987).

FHeo ¥Xd M= DBA, DBA-1,2.-DHD, DBA-
34-DHD$ DBA-5,6-DHDo} 213t DNA adduct 3
& vy Al ¥P-postlabeling ¥4-& 3}
4ct. £ 4¥e DBA-DNA adduct®] A 3d 5
=& 44 Z2As7] s AYHULoY o] A7
AxzRe A adduct FEE FHsE RS
Eilssith. B dFEARe FATER FHo 9
Kol DBAS} ol9] FautirtEo] ¥ DNASH &
38 293U DBA-34-DHDE 3XRoA
DNA adductZ 843l DBAS FiEH RBEH=
BoEct, DBA-DNA adduct®} 432 DBA-34-
DHDS ¢34t g€4d DNA adductd] §%
£ DBA-3,4-DHDE °]9 &{t&%(parent
compound) ¥ FUF Fog FAIUE wro
7o) ¥2d ole BAUALEC] FARA W
#oqgE 9@

DBA-56-DHDY R9e RIPEE Fo434
€ "Wy 1.4 733 DBA-DNA adduct 84&
fedg e} DNA adduct®] 432 23§ E &

oof 9% DNA adduct®}te AA oz &g o
& A=A A H¥0n vio) STRI(GIl
%, 1987 ;Wan &, 1992)91A DBA-5,6-DHD7}
DBAS FEAUAIEINT R Sy AF7A A
T 3 HE x2H4M Eol# DBA-56-DHDS
DNA adduct®& #H#HA £3d1 2¥= £3
Aoz GolM AN (i viw)dAE DBA-
56-DHDZ9 tAl7l 273271 obdg& AALg
1= 3
2 AT+ DBA-1,2-DHD 9 ¥ Eo|g
W3 DNA adduct& ¥HHY § dAed oe
DBA-12.DHD2 9] thAle o8 Ay 49 9+
A#A S (Gill &, 1986) #o] 244 DNA adduct
g FA8A gdv MERKE JdYEY WY
Bonin %(1989)< DBAX.t} DBA-1,2-DHD7} Sa-
Imonellad] M 7§ Eg¥olgddo] ldta Husl
ded olzg ATFARY AdoldL MW (i
vivo) ABH AA ) (in vito) Y o] 281
IFF B2 LAY EA (procaryotes) ALY
HA g zpolol 71U AGHD

B A7 = 494 DBA-DNA adduct”} 34 E
71 M e 5T dAlG o] daE HoAF
Rqon wotgAe Zz-Fotel A LA E(bio-
marker) %, DNA adduct® o] &3l g% 2
HEH< DBA HF BEHFS oo SA4UAEY
DBA-34-DHDSI & #<ldth. o dA74d3E
Heguw o & Zo] DBAY FRBELK)
DBA-3,4-DHDS! A %N = F2 DBA-1.2-
DHDZ WjAl= = 4ppfEel vis) o w2 @t ¢
ol At FHE 4 duie Holrh olH He
Awtststy] fiEe] g AEF #F ATE
A¥stan Yt

2 <%

7H-dibenzo[c,g] carbazole(DBC) 3 dibenz[a, j]
acridine(DBA) 2 o] thAlE #ans-DBA-1.2-di-
hydrodiol(DBA-1,2-DHD), #ans-DBA-3 4-dihydr-
odiol(DBA-34-DHD), #ans-DBA-56-dihydrodiol
(DBA-56-DHD)]ol ¢]& DNA adduct¥3<& ¢
7] $13) Hsd:ISR A% R ol& T3l &
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o F&YOoZ DNAE ¥ 33 “P-postlabeling
WO 2 DNA adduct® #M3ich

DBC& ¥ %o %£3le] DNA adduct’} F43%
£ 5 HRe} AsIE 3, A 2 A
450 DBCE 4 L AA wago) e
€ ¢ 4 UAYG. E£F DNA adduct@A =71 3
Axe i 5§, #, JgdAe ddzes 3
ol DBCel &% 4w F 83 Arle AYe
F2¥ 4 . DBA, DBA-34.DHD @ DBA-
56-DHD %ol o3 78] adduct?} o]Hol A
#&=Act. dA €22 DBA-56-DHDY| &8 2
Mol adduct’} FAHA2 Y 1 F4do] DBA ¥
DBA-34-DHD S+ @525 DBA-1,2-DHDd ¢
A& DNA adduct Ao} #FE A sich o
49 A9 2 DBAE FANAFLo] glon g4
HAHE<l DBA-34-DHD7F 3% 299 (ultimate
carcinogen)®] i DBA-12-DHDE ¥E3} jAE
Az F59
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