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“P-postlabeling Analysis of 7H-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 fuelé. 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,jlacridine (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 in vivo. DBC and DBA’s,
DBA, trans-DBA-1,2-dihydrodiol (DBA-1,2-DHD), trans-DBA-3,4-dihydrodiol (DBA-3,4-
DHD), and trans-DBA-5,6-dihydrodiol (DBA-5,6-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-34-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-
5,6-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.

Key Words : 7TH-dibenzo[c, g]carbazole, Dibenz[a, jlacridine, trans-DBA-34-dihydrodiol,
DNA adduct, #P-postlabeling assay
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N-Heterocyclic aromatics(NHA)E §7]12 A 3}
¥EY FEAA HAHE Y 29E8do.
7H-dibenzo [c,g] carbazole(DBC) 3} dibenz[a,j]
acridine(DBA)& NHAS tiE#9l oz &4
dE(Ho 5, 1981), ¥i717k2(Serth®} Hughes,
1980), M€ #-%2(Wright 5, 1985), Hul €7)
(Van Duuren %, 1960), 33d Q9Z(West 5,
1984) SollA]l LAY o]o] A3 WA A7}
Bol A= i

DBCE }=H 718 T3t #H ¢ (Sella-
kumar®} Shubik, 1972 ; Sellakumar 5, 1977), A
Aol 7545 94 (Armstrong® Bonser,
1950) 2 # ¢+ (Andervont$} Shimkin, 1940)0] A
59t £3 DBCE # Yo Fodld Fof 19
of 379 Warshawsky®} Barkley, 1987)3} W%
7189 23] &(Bonser T, 1954)°] f¢so]
DBC7I 2¢e] 4 2 AFEo] ASS AA
&t §itt,

DBAE w929 st Foiste] Fa4 <ol
WA 5]l 2 0] o] & dibenz[a, h]acridine, dibenz[c,
hlacridine A Bt} E9tom DBC® benzo
[alpyrene F4A] Brhe 2 ktH Lacassagne 5,
1956 ; Wynder, 1963; Warshawsky$} Barkley,
1987). ¥t DBAE vh-29] H3ld] Fl5t e
1} 9] F(epithelioma)?] 2L #AHA] gt
tH(Lacassagne 5, 1956). =& #H9 229 7]
=uUlo] DBAE Fsid o) Aol A= ¢

ot} (Stenback® Rowland, 1979 ; Deutsch-Wenzel
T, 1983). °lgt o] DBAC] &7 wghAdel #
3 Me Mz o] dXskA] &¥x Arh

el NHAZE filaR BEASFoF 3RA%s
of Wb & Jehll7]l fEMe FEFH (electr
ophilic) FE=Z] FEiE{L7 2 7E 4 (Conney,
1982 ; Pelkonen™ Nebert, 1982;Schurdak %,
1987). NHA 249 bay region 7Hd-2 bay re-
gion ¥919] o]FA§ 22 benzo-ring dihydr-
odiolZ2%H FX¥ diolepoxide?t % EEHERE
(ultimate carcinogen)¥< 9ul3cH(Levin 5,
1983 ; Wood &, 1983 ; Chang &, 1984 ; Lehr &,
1985 ; Steward %5, 1987 ;Bonin %, 1989). Gill
5(1987) DBA7Z} 3-methyl cholanthrene®l] 2]}
+3E WA I o322 FA oE tre
ns-DBA-3 4-dihydrodiol(DBA-56-DHD), DBA-5,
6-oxide, 3-hydroxy$} 4-hydroxy DBAZ tiAlE S
o

DBC¢ DBA9Y 3133 Fx7F & 2g4
NHAS®} 2] bay region® ##3t2 & 298 2
3} A o] 4olste] DBC, DBASH 2 tiAMIE
o] ©]%t DNA adduct FA3o] &ste] 2 P33
2 d79 743 B3 34, DBC ¢¢9 =
49 AL F4E %3z 4, DBC 2449
EHR7IE dohi AR, DBAS o|H tAE
o] DNA adduct® Z&3tA AA71=A F33
= Helt.
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DBC® DBATE Amersham(Arlington Heights,
IL)2%H Fsgony DBA-1,2-DHD, DBA-3,
4-DHD$} DBA-56.DHD+ Rosario $(1987)¢]
el ma} YA N 4935 DNA 29}
DNA adduct ¥4& 9% Al 2 Axxges
Talaska 5(1987, 1990)9] Wz 2t}

2 MESE 4 4ERF

8—10F ¥ Hsd:ICR(Br) vl$28 AdxE
2 AMgstRlon okE FoE 93 wjie of
6em® ¥-91E H71719 2 ZASith, AYZY 3nia)
o vh¢-29] s34 %EZ(DBC, DBA, DBA-1.2-
DHD, DBA-3,4-DHD, DBA-5,6-DHD) 100ug&
50ul ofHl Bl E§3lY 15 =¥ gzz
< °MIE 50ulE Z=ESHT. A 244]7kF0)
hAE AN F AR, o8, AL 36
DNA 244 742 —80T3lel A YE R A5t}

3. DNA 22| ¥ adduct 24

@Y A3 RNAE E4yos EiAzon &
AFEHoz DNAS 2] 8 HGupta, 1978).
DNA adduct:= 4% #P-postlabeling & A}-&3}
o 493 H Gupta 5, 1982 ; Reddy &, 1984
Talaska &, 1987;1992). WEULE=E EaE
(digests)-& DNAe] ul3le] HjHoz #aw &
° [PPIATPE A18-% adduct intensification =
A3t A labelingA Atk B4 HZdeEcs
Gupta 5(1982)9] WY& o] &3t ulop gz}
EJFANAG. Adducte] 23+93 Rae D3l A
84 M9 DyolM 84 V T VE olg3tgn}
(Table 1). Adducts®] $jx]4A< A A Kodak
XAR-5 &7 X-Omatic regular intensifying scr-
eend 0|43t —80TANN AAFFAAYG

(Reddy &, 1984;Randerath 5, 1985).
B8 TEYULHEY adductd] BAUEE
3t1 relative adduct ladbeling(RAL) #@t&
Heo2 HAASAY. RALEL 1070 A4 &
HRE= F9 adduct®] & Jehdic),

I e
wy oo oX

. cpm adduct g
RAL= chm unadducted nucleotides "~ 17
12 2
11 13 1 3
14

10 SN 4

9 NF 5

8 7 6

7H-Dibenzo[c,g]carbazole

Fig. 1. Structures of 7H-dibenzo[c, glcarbazole (DBC)
and dibenz[a, jlacridine (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 pH35 for DBC D3
m 26M lithium formate, 6.0M urea for DBA Ds;
I\ 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 %99 93] ml¢-29 3, g%, ¥, 4
Zoll Al DNA adduct 34e] &= AHFig. 2).
upg-20] Zhll A= 6709 adduct(l, 2, 3, 6, 7,
8)7F FAH A+ adduct o] =2 ZZ e v]3)
713 E%en & RALAE 149. 3X 10702}, #H
o] & 4709 adduct(2, 3, 6, 7)7} A=Y}
% RAL 5.6X10°2 3t 2o u)&] 2k}, =3
Ao A 47) 2] adduct(3, 6, 7, 8) A=A
RALZ] GA] @tom adduct 77 8& EFHT U
Bl A=A gkt SR A= 6709 adduct
(1, 2. 8, & & 7V BHsPgew o PP
addcut 29} 3°] =0} adduct 62] RAL ©] =& 7t
# Hoe g (Fig. 3). DBCE 24 2949

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 8.8+ 2.4* 3.6%2.2 - -
2z 11.6+ 4.7 9.4%£2.6 0.7%£0.2 =
3 28.4+ 8.5 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

5ol NA7j# 3, #H, 413o] DNA adduct
£ FAHAA DBCE =4 9 AHAAzE2 Jeh)
= AL & 4 9don DNA adduct #4d o] Zhol A

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.



7F¢ EoF DBC %9t FH A7 & oln 7|
¥, 0H, AFe wEARsz sodd,
DNA adduct®] f% o] 222 93 x3o] de}
Z3 | o} dAlF 2 JF wgdo] Folde
SHA] FTh

“P-postlabeling ¥4 23 ZJdEd-4E=2
22 vk 3 2 ob% 33 (polyethyleneimine-cellu-
lose thin-layer chromatogram)’3ll 4] DBA, DBA-
3.4-DHD<} DBA-56-DHD= ZtZ} 271¢] DNA
adduct® I FolM Aoy DBA-1.2-DHD
© DNA Adduct® #As=A ZUHFig. 3). o
AbEel] 9 HF DNA adductsel4] DBA-34-
DHD® DBA £t %3 DNA addcut ¥44&
ety 2ley DBA-5,6-DHDOl 21§ DNA addcut
4742 DBASt DBA-34-DHDSI= oldtgict
(Fig. 3).

DBAS ZaA2F g RoA FHF addeut =

= 3

Table 3. DNA adduct levels in mouse tissue, expressed as
RAL X107 values, 24h after topical application of
DBA and its metabolites

Agent ADD1* 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 18.2
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

g tAMEE 923 ZtH(Table 3). DBA-34-
DHD DNA adduct®) % RAL<S DBA DNA
adduct®] RALeC] wja] 7u] =9t} 71&3 ule}
o] FY43 2702 DNA adduct(adducts 13} 2)7}
DBASt DBA-34-DHDE F93& o #2593
ov & Fe adducts(adduct 33+ 4)7} DBA-
5 6-DHD Fdoo] olsf &4 gct. DBA-56-

Fig. 3. Autoradiogram of *P-postlabeled skin DNA obtained from mice back skin. Left upper ; DNA adduct patterns in
the mouse back skin prior to treatment with dibenz [a,] 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®] RAL2 DBA adduct®te
1.48] ¥ 3, DNA-34-DHD adduct®thE 58] 2
QttH(Table 3). o]4te] Axg DBAE F4%Y
EZdo]H DNA adduct ¥7d°] DBA B2t} HALE
2! DBA-34-DHDelA 3o} DBAS| &# B
(ultimate carcinogen)-& DBA-34-DHD°]" DBA-
1,2.DHDE= £#/{t BwE: 590

=R

“P.postabeling W&l F3& & o] vl
24 7457t Eof 10°—10° FEHLEE F9 1
A9 adducthA EAE 5 A3 ghulgd $AA
59 3APEY Aol ¥sA Fde Feldth
o] E4 Y& o]&sled DBCS DNA adduct 34
EA% A7 DNA adduct /40| FEMESE
e =4 Jdelvn FEEMEESEQ o5,
H, AZdHe gk T3 33 #¥e DNA
adduct ¥l @t ol 19 HF ¢EZ
©] 3-hydoxy-7H-dibenzo [cg)carbazole®] 2 )%
e o] 33E J&o] FA7] fFo]th(Schu-
rdak &, 1987).

F o] #FeAx= DBA, DBA-1,2-DHD, DBA-
34-DHD% DBA-5,6-DHDell €% DNA adduct 3
A& vast7] 1A “P-postlabeling #4& 3t
gl £ 4392 DBA-DNA adducte] 4dl&d =
& 44 Z2A37] A8 AYgHALY o] A+
A z2E AYA adduct FEE T} A
7158t B d72de FAEXF 39 ¥
Ko DBA% ©|9] FoujAlEo] T 5 DNAsH Z2
#3te BoFch. DBA-34-DHDe oA
DNA adduct® ¥4 3= DBAY EiEHk #H2
gotdth. DBA-DNA adductd] ¥/3-& DBA-34-
DHD¢ Y38ttt G4 DNA adduct®] 5%
£t DBA-3,4-DHDE °|9 &{b&%(parent
compound)¥ $LI Fo2 FA}AL HET
i) Eod ol TAUALEC FAFA LA
Fodg g 9n @t

DBA-56-DHD®] Fo& E3}FES FA3AU
2 w2 1.4¥] 75 DBA-DNA adduct 34<
£5359 2 DNA adductd] 442 Z3FPE F

2 o

oo 2§ DNA adductshe AFHoz @it o
2 Ao ANl AY(in vitro) AFTEI(Gill
= 1987:Wan &, 1992)914 DBA-56-DHD7}
DBAS FZAUWAIEC|ATGL v AF7HA A
T A3 #3 z=3dA Soj3 DBA-56-DHDS
DNA adduct® 238 £33 215 EF
AyRoz ol AAW(n viw)AE DBA-
56-DHDZ 9] tAl7} FoA27} obdE AlAMG
c}.

B dFoAe DBA-12DHD 59 ¥ So|g
g3 DNA adduct® EFE + fAAed ole
DBA-12-DHDZ 9] tirte o2 A9 48 47
A7HGill 5, 1986) 2ol ¢ DNA adduct
g P48 ot HECKRE dderh Qe
Bonin $(1989) DBAXt} DBA-1,2.DHD7} Sa-
Imonelladl A 73 Sdwo|dAde] gltixn B 15}
ded olgld AFdse golde AW (in
vivo) A8 WA 2 (in vito) 2E ] Ao] a2
EHF 527 QY4 EA (procaryotes) A
A ajold] 7|Ud=AG T HEE

¥ g3 4ot DBA-DNA adduct7t 345
71 A E ST dAagRe] dade HAF
on wEAe] Zz-avte] YA FAE(bio-
marker) 2, DNA adductZ °] 834 443 &
dE2¢ DBA HF BEELS o9 S4dAEY
DBA-34-DHDY S #AsA. o AFARE
Ag4¥gd oS E° DBAL EHMEHT
DBA-34-DHD?l 4#fEodlA e 2 DBA-1.2-
DHDZ wirlsle &4pfEdl vls) o £& 2 9
o] At FAEF & e Holth o] HE
dukstaly] st o2 4EF B ATE
Agsta qdch

2 %

7H-dibenzo [c,g] carbazole(DBC)# dibenz[a, j]
acridine(DBA) ¥ o]9] tiALZ #ans-DBA-1,2-di-
hydrodiol(DBA-1,2-DHD), trans-DBA-3,4-dihydr-
odiol(DBA-3,4-DHD), #ans-DBA-5,6-dihydrodiol
(DBA-5,6-DHD)]°] 2§ DNA adduct¥ P& g
7] $18) Hsd:ISR A3 %o o]& Fo3ix &



Wl +EYoZ DNAS 2gsn #P-postlabeling
MeZ DNA adduct® #4315tk

DBCE 1] %o %]t DNA adduct?} F42
8 A AR yAriwe b, H L A
¥4so] DBCx %4 2 3 wgzgo] gle
= € F UG T3 DNA adduct@H =7} 7t
dMe =32 9%, ), AFdANEe dgHozm g
ol DBCel 9j§ wete] 3 54 I YL
4% 4 A%t DBA, DBA-34-DHD ¥ DBA.
56-DHD Fodol 23] F09] adduct?} 3] %o A
*&= A dAF £49 DBA56-DHDe s 2
W adduct7} FAHRAL Y 2 F4o] DBA 2
DBA-34-DHD®}+= ©35ton] DBA-1.2-DHDoI L
3= DNA adduct 343 o] #&=x gt} o
3o A3tZ DBAE F422U¢F 80| 9o B4
AHe<l DBA-34-DHD7F HZE 29+ (ultimate
carcinogen)©] i DBA-12-DHDE: BE3 gjA}E
Az FEEo.
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