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Aryl Hydrocarbon Hydroxylase, Epoxide Hydrase, and

7 F 12-Dimethylbenz[a]anthracene..Produced Skin

Tumorigenesis in the Mouse
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1-�. ()i-�sc H .-_s N i ) .J . �\V . I );_s LY
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suit _sIA i_si-

:\ 10 olc-u ‘ kii_s t Ui_s_s_s _sn’ig_s‘to_s--si-s in_sifiato-b by 7 , 12-_slit_s_sot l_sybbu-i_sz[a]�_sn_st i_srac-_s-n_so’an_sd i _sm’_son_s_s_stc-d by

n’_s’j_su’ato-ii al)lohicat i_sot_s-s0 of j_si_s_s_sn’bo_slo’-sf_s-r is um_sm_s-lafo-d to _s go-moo-tic diifc-ro-noco-s in_s fl_so- _s-xt_s-mof u_sf

a�m1_s-1i_syibru_scan’bo_sn_s i_sydn’_s_sxybas- in_sd_sicfioono by po_slyc-ychic i_syubr_s_scambotos in im_sbt’_s-cl o_si’ ioybm’iul

(‘57BL 6N an_sib l)1�� 2N i_s_sic-u-.nfl_sEts, if a-ryi n_su-ta-bo_slisn_s_su_sf 7 , 12-din_sef-h_sybbo-n_sz[a-j an_sti_sm’a-

ce_s_so- is a noc-cu-ss�_si’y -step it_s ti_so- initiation_s of ci_sc-m_s_sicai can’cino_sogu-n_so-sis, fl_so- coji_ssfitufivo- hovel

0_sf tl_s_s� hyibr_soxylasc- activity it_s fi_so skit_s of the-so- m_s_sico-is sufficio-n_st, L_s’v_sit_s u_sf i_sc-pat-ic c-i_sooxiubo-

i_sydrasc- activity an_s f-i_so- �_si_s_su-an_s_so_smogu_shred at_sub i_svbniil C5713L GN an_sd 1)BA - 2N i_s_sic-c’

a_s_sd, in_s con_stt’a-sf f-to ti_so- i_syulr_s_sxybao-, an- mo_s_stii_sducibiu- by 3-n_s_s_s-fi_sylcioo_slam_sth_sn’c-t_so-. 1p_s_sxiub_s-

iivulrau.te actii’if-v o’o_sulub i_s_s_st b_s obu-tuc-to-d in_sti_so- skin_s o_sf fi_seso ti_sic-u-.

‘�fi_so- inoitial OVen_st it_s ti_su- _s_sxiibafiv_s- u_s_sc-tabo-

li-sm_s_sof lJo_shYc-�(’hic- i nydmo oc-ambu on_s-si�t ca-f ahyzo-ib
by amyl hyilmo_sc-arb_son_s i_s��olru_sx�lae (1, 2), a-

substrafe-iniul_sni’ibi_s- n_s_s_son000-uoxygc’n_sase foot_st_sd

m_s_saimoly i_s_s _s_s_sa_s_s_sm_s_saliai_s hi vu -t’ u_s_sic-ruos_s_s_s_s_si--sbt_st-

i_sb-sO�)im_s--sc-t_sf it_s oth_so-n’ tiu’u�_stius (2-5), inoclttubim_sg

skin_s (6, 7). nfl_sc- in_sitiab i_sn’_s_sduc-ts fomm_s_sed by

ntmvl l_syubr_s_sxylasu’t_s si_sc-i_s a-s any! l_syolnocanbc_si_s

h_sycbm’o_sxylaso- ftc_sm_s_smi_s_s_st_s_s_s-(5) , bi- (9) , i_si_sib jo_s_sIy�

u’yciic (10) i_sydmo oct_sm’huon_s-sam’c- m’_s’acti-_s’_s-i-pox-

id_s’s (a-ret_so- ooxiobu-) , u_si_sic-I_s c-at_s (a) bo’ c-oh-

vo-rted f_so tia_s_sos-dii_sy_slr_s_sobiuols by ti_so- action

0 of n_sicmoso _su_s_sal u’1�_so�_sxi_sbo’i_syobrae(s) (9--i 3),

(b) m’o-amram_sg_s-sI_soi_sti_si_su-u_s_stu’_slyto i_si_sc-n_sobs (9,
14, 1�5), (c-) coon_sjug_s_sto’ _s_sith glutatl_sioi_sc- (9,

10, 14), u_sm (d) c_s_si_s_shin_so-c-ovahu-t_sfby isifh
c-i’lbtuian tonic-b_s-ic- ac-ioi-s, lust_son_se (16) , n_sm_sd

o_sfi_sem pnot_s-in_ss (17). In_s i-_s-li cult_siro, I--rc’gio_st_s

ei)i_sxiobu- am_s i_s_su_si_sytin_s_s’s i_s_s_s_sri-ac-fivi- ti_san

ti_si- parc-n_st i_si_si�c�c-lic- 1_syilmo_scambomis at_sd fl_so’

ccorros�_sondin_sg i_si_si-tools u_sn_sib (iS- am_sib ti’aiis-

ubiioyubmouliobs im_s j_sm’u_sobuc-ii_sg n_sahigi_sai_st t mat_ss-

fiomm_s_sati_s_st_s(18, 19). i\lc_sn’o-oovo-r,fl_so-m_s_sagni-

f_side (Of u_s_sutago-n_sicity prood_s_scud by K-regiot_s

o’p_s_sxiib_s’s c-o_srmeiat_s’s u_s-_s-lb u_sitio ti_so- kn_so_sivn_s

ca-rcim_so_sg_s’u_sic-ity of ti_so- i)t_st’et_st iui’Ofl_si_stlC i_sy_

dnoocamboono-s in rico (20). In_sd_sic-tic_st_s _s_sf aryl

i_sydr_s_scarb_s_sm_s i_sy_sbroxyias_s’ activity by ano-

niafic i_syolmu_sc-ambom_ss o_sc-i-ums in_s c-i-il ctilturc-

( 1) an_sub in_s m_s_sam_syfiu�_si_s’�� u_sf diif_s-remot at_sii_s_sal

si_sec-i_s-s (1, 2, 21). 1-j_so_sxiibc- i_sydmase i-s it_s-
ducibbo- by 3-u_s_so-ti_sylc-i_sc_slanot i_sren_se it_s Sprague-

Dau_sbo-y i-at-s (13) . Tl_s-r_s’foome the coi_ssfiftutiv_s’

u_si_sobin_sol_sic-iblo’ ho-vu-Is u of o-if-i_so-r arvi i_sydnc_sc-an-

boot_s I_syi1mo)xyl�_sso- cot’ o-j_s_soxiube hyili’asc- (u_si’

bo_sf-i_s) i_s_s’_s-so’n_stin_s n_sn_sy tissttc- i_s_say be mi-
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portai_st- for ti_so- m_s_sagnitud_s- of t-umonigo-nesis
evoked by epoxide intermediates.

Rc-cen_sthy u_s.c h_save reported (22-25) ti_sat

aryl i_sydro)c-ambc_si_s hyulmoxylase induction by

anon_s_sat_sic i_sydrocarbo_s_ss o_sccurs in_s -some imi-

bred strain_s-s _sf i_s_sic-c-but mi_s_sfin_s oti_ser �_stnn_sit_ss.
TI_si-s o-xj)ru-s�_so-d fun_sc-tio_sn_s so-gregati’s as a

sin_sgle a_sit 0 050 _sm_s_sabdo mim_san_sf go-n_se, for wl_sici_s
we i_sav_s- l_st’ol)iosc-ul ti_so- (1-1_s locus (23-25).

Hence, it_s any n_sc_stiso- wi_sic-I_s is 1_somi_soozygous

or heterozygous for the allele Alt, ti_so- anyl

hydno_scarbc_sm_s h_syulroxylau.o- system is in_sd_s_sc-i-

ble generally as at_s all-on-n_sc_st_sc- respon_s-se it_s

all ti-s-sties regularly com_stain_sim_sg the iioducible

enzyn_sc- (23-25) . It i-s tI_sc-refore possible

witioin ti_sc- same h_sybniul litter to stttdy mice

possessin_sg ti_se in_sulucibbo- amyb hydrocarbon_s

hyubnc_sxybase an_sib u_s_sic-c-f-i_sat do n_sot 1_save if.

TI_se quc--stiu)t_s is tI_sen raiseul : Can on_se fin_sd a
relation_ssh_s ip bet-us’c-en 7 , 1 2-din_s_set-hybbo-noz[a]-
anth_srac_s’m_sc--prodt_sced skin_s tu_snon fo_srmatiot_s,
epoxide h_sydmase activity, an_sd genetic differ-
ences in_sti_se exten_sf of ami_sn_satic i_sydni_scanbom_s-
inducible anyl i_syilro_sc-arbo_sio i_syulroxylase ac-

tivity au_s_sot_sg A/iA/i, A/ia/i, an_sd a/_sal_s mice?

TI_se pH _s)l)tit_s_sit of the co_si_strol hepatic aryl
hydrocarbo on_sl_sydroxyiasc- activity froni ahah

mice am_sub from_s_s �-I/_s_4/_s i_s_sic-c- are distinct-by

differemit (23-25) . 0th_s_s-n ubissin_s_silanit-ies in_s
arom_s_sn_stic i_sy drocambom_s u_s_s_s-t-abohism_s_sbetween_s

ti_sc-se -strait_s-s u_sf i_s_sicc--suci_s as ti_se po_ssifio)n

on at_s_s_sot_si_sfu_sf _s’poxicle fo_snn_s_sation_s u_sr ti_se

an_sotin_st of c-oval_s-n_sf in_sf_s-mac-ti_s_sn_sis-ith cell_silt_sr
macron_solec-ulo-s-------n_say also_s exist at_sub info-

ct_sc_s_sti_se rat_s of t-ut_s_sor fomn_saf-iom_s.

Ti_sc- o-xperin_s_sen_sts isen_s c-arric�b out with_s

CS7BL, GX i_s_sic-c, iii_sici_s i_save ti_se imiducibbu-

aryl i_sydri_scarbon i_sy(br_s_sxyba.’ 1� in_s van_s_sos

tissuu--s, DBA 2X t_s_sic_s-,in_s _ssi_sic-i_sti_se o-m_szym_s_se

is no-lativelv nc_snorespoi_ssive to n_sri_sn_sat-ic i_sy_

dnocamb_s_s_s_ss (22-23) , am_sd ti_so- appmo�_sriatc-

1_sybnids. Ti_so- s_skin_s c_sf 3-uvo-c-k-u_shul ivc-ar_slinog-s

sva-s tn’o-ated c_sn_sc-c-with_s 20 j._sgof 1I)_sIBA,m

and Ph_so_srbol ester was applied three tin_sc-s a

week as dc-s_s’mibed it_s ti_se l(’gc-t_sd to Table I.

\V�o’ ai’bit-rarilv c-I_s_s_s-sea u’elativelv ho_s_si-ilose of
c-t_srcinogen, �ifl_s’c- t_s lai’gei’ d_s�_se u_s-oulub be

liki-ly f-to cause tun_s_s)ms it_s all animals. TI_se
c_s_sm_sstifut-ivo- an_sd it_sub_su-ible t_sryl i_sydroc-arb_s_sn_s

n TI_se al_sI_sro!viat i_s_s_sos usc-ti are : 1)i�o1BA, 7 , 12-

din_set loylhen_sz [alan_st I_srao’en_se; #{176}_sIC,3-n_set-hyiehoi-
an_st I_sn’o-n_sc-.

hydu’oxylase (23-25) ai_scb o-j_s_s_sxi_sb_s’h_syohi’:_s-sc-2

activities get_sc-molly are n_suiximuni in_s thu--s_s mi_si_s-u-

at- about :� ivu-eks of u_sget, u_sm_si!at 4 mo_sm_sf-i_s-suf

ago- n_s_so- 50-90 ��-- u_sf ti_se-se rntoxin_su_s-l valuo--s.

:\ft-c-t’ i_s_s_sn_sot’e fun_s_so_st’sapp_s-u_sm_s-_sb,u_s-i_si_s-i_su_s-u_s-su_sf

about- 4 n_son_st-i_s-si_sf ago-, o-uio-i_s n_son_s-so- u_s-u_s-skiliu’ib

24 hraffc-r an_s intt’nIl)c-t’itc_si_s-u_sl ti_s_s-so’u_sf ‘_s1(’, am_so!

f-i_se arvi l_sydrocanbon_s i_sydn_sxyla�ue at_sub upox-
ide hydnase specific activities were il_s-f-u-m’-

min_sed in the liver t_s_sii-roso_sn_s_s_s--s.By u_s_sensor-
ing the i_sepatic i_s_sic-ri_s-sot_s_sal am-yl h_sydrocar-

hon_s hydroxyla.se activity 24 i_sn after ailn_s_sim_s-

istni_st-ic_sm_s of 1\IC, i_s-c- c-o_stkl do-to-ru_s_sit_se i_situ
certain_sty (23-25) i_s-I_sc-ti_sc-i’ t-Inis enzym_s_sc- t_s_s.�_s

tern i_sas genetically im_suluc-ible _sor n_sot _sin_sdlu(-i -

bio’ u_sn_s_sam_syother ti-s-sties of fl_sat u_s_s_s)Us_s’, s_sic-i_s

uS kiulmo_s’y, boiveh, bun_sg, or -skin_s.

Table 1 si_sow-s tI_sat DMBA did n_si_stpm_s-
il_sic-c- skit_s tun_som’s it_s any oof f-i_s_s-CS7BL, GX

( i.e., B6) im_sbred mice ai_sd cain-sod tuu_s_sons in

19 out o�_sf21 in_shred 1)BA, 2N (i.e., D2) i_s_sic-c-.
,l’i b_so-�1)atic ai’:_s’b i_sydmc_scan’bu_st_s h_syclri_sxylt_ssu-

�_syfc-n_s i_sas ii_sdtic-ible by M(’ abi_sut- 4- 5-foid

in fl_se in_shred BG n_s_sic-c-at_sd u_s-a-s no_sit in_subuc-ibbe

it_s ti_sc in_sbned D2 i_s_sic-c-. Tho’ -skin_s arvl i_syobm_si-

carbou_s i_sydrc_sxylas_s- activity u_s-i_s-s in_sib_s_sc-i’d by

?_sIC about- S-f_s_sb_siin_s ti_se B6 n_s_sic-i-aio(b 1_s--s-s

tI_sat_s 2-fold in_s D2 i_s_sic-c-. nfh_su5 i_so_sf_sit_s_so_si’s
ivere fout_sd im_s BO n_s_sic-i-oven_s ti_sc_s_sigh_sti_st-in’

skin_s aryb i_syulnoc-arbot_s i_sydnoxylase activity

ivas abo_si_st 5 tin_sc-s unoru- im_soluc-ible by j_so_sh�-

cyclic- h_sydrocambom_ss ti_sat_s in fl_se 1)2 u_s_sic-_s.
TI_sc-se (lata �uugg_s’st that low u_sr uoom_sim_s(luc-ibbe

ei_szy_s_sic- activity i_s_say bi- co_smrc-lated witl_s
skin_s f-_sit_s_son fi_srn_sation_s caused by DMBA.

Hoisc-v_s-m, in_sflamn_s_satiu_sni i_sroduc-ed by ti_se

n_s-pc-at_s-uI application_s-s o_sf i_si_sorbol o-ster was
c-on_ssido-nably n_some ni_sanki-il in ti_se D2 it_shred

strain_s ti_san_s in ti_se B6 st-main_s ; ti_sos tumom’i-

ge_s_s_s-sis neiat_s’d to_s pi_sorbol o-st_s-m-j or_s_sd_sic-_sob
skim_s immifaticoi_s u_s_say bo’ n_s n_s_s_s_smc’in_s_si_s_s_s_s-tat_st

fact_s_si’ ti_san_s f-I_se aryl l_syubmo_scarbc_sn_s 1_sydmox-

2 T_s_s_su_siepoxide hydra_s_se activity ivto.s i_s_so-ut_soured

wit-I_s [3l1]styrc-n_sc- t_sxioiu- os substrate. At- least i_s_s

liven, ti_se san_se eI)_s_sxidu- loydnase appoars to_s he

resp_s_sn_ssi hi- f_sor hyuiru_st i_son_s u_sf St yne_s_s_s- o oxioto- u_sno_st

polycyciic amen_se _s_sxio!o�s such a_s_s phe_s_san_stI_sre_s_se

9,10-oxide (11, 12). llouvever, suo’h an_s assay i_sr_so-

vides n_s_so in_sf_s_sri_s_sat i_s_sn_s u_s_s_s ti_se ieveis oof epoxide

hydra_s_se 1_s(_sSsibiY preset_st tos 1_suirt u_sf u_s tightly
couple_si aryl I_syui_s’_scart_so_s_s I_sydr_soxyl u_ssc--c-poxicle

hydruo.se systc-n_s (so-u- the t ext ).

3 IT_s_si)tiI_siisheoi_s_sI_sservati_s_sn_ss.



TABLE 1

Lack of _st_s)n_s-ciati000 bc-i_s_s_ste_s_sD.IIBA -pnodi_see_sl s/,-i,_s (u_snonigenes_ss a_s_s_si_s_s_s_s1_s_s_s-il_s((’ui;,! hg_si _so_s-arbon
hgdrox!Jiase a-_s0(1 cpoxi(le h�jdrase specific a_s-ti_stilies i_s_s inhned a_s_sot h!,hni_s/ i_s_si_s-c

n1,_s ton_se ear of c-ac-I_s wc-u_st_siin_sg ni_s_so_s_sSe,20 _s.ng oof i)MBA in 20 �ni of ac-c-to_sn_se were a�_splieci on_see. For the

n_so-xt �3 !fl(_sn_sths, I �g u_sf joho_snI)_s_sl ester (Sc-htnc-handt -USA, Katon_s_s_sh, N. Y. ) in_s 20 _s.nio_sf u_sc-c-to_sn_sewas applied

_sliree tin_sc-s a week to ti_so- _s_sppo_ssite eu_sr. Au t-urno_srs appeared within_s a 2-week pc-ri_so_si after appruoxinnately

2 n_s_so_sn_sthsu_sf cor_stin_su_s_st_ssPI_s_soniooi ester trc-atmen_st ; gen_seraily the pu_spillornas were n_st_sitipie. Fco_s_sn weeks

u_sf_sen n_st_sfur_si_sen to_sn_s_sons Iou_s_si t_sppeanc-oi, the presen_sce ton u_shsenoc-e _s_sfi_s_soi_s_sc-ihie hy_siro_sxyiase activity was

ute_sermii_seoi f_s_sr each in_soliviultnal mouse : MC. 80 n_s_sg- kg o_sf body weigh_s ,was adnnin_sistered in_stnaperi-

_so_sn_sc-aiiy, an_sd liven n_sic-n_sos_s_sn_s_sc-swere prepare_si 24 hr later as previ_sousiy described (23-25). The assay for

ar�l I_sydn_s_sc_s_srloon hyoir_soxylasc- was c-arnie_si o_s_snt-as usual (1 , 23-25) ; I inn_sit u_sf activity is dc-fin_se_si (1) as

t i_suit an_s_son_snot _sof c-n_szym_s_se c-u_statyzinig ti_sc- f_s_sn-nnu_stiu_sn pen n_sin_sn_ste at 37#{176}_s_sfhydr_s_sxylu_stc-o! I_sn_s_sduct causing

fl_sio_srescen_sc-c- o_si_snivaien_st too ti_sat of i pm_s_so_sic-u_sf 3-hydn_soxyI_senozoo[abpyren_se. Tho- hepatic- u_snyi hyoiroocarbon

1_sydr_soxyl:_sse 5I)c-c-ific- activity is thus c-xpressc-oi as n_sn_sits per n_siiiigran_s o_sf n_sic-r_sosonnai pr_s_stein. The skin

arvi Ioyolr_s_scanl_son_s hydr_s_sxylu_s_sue ac-tivi tv wt_ss detenn_si_s_sc-d 1_sy t_sssaying a t issue h_somoge_s_sm_ste fr_s_sin in_s_siividuai

wean_slings 24 hr t_sften 20() zg _sof MC in_s 50 zi of ac-c-to_sn_sehad been_s applied to_s the skin_s tot the n_saj_se of the

n_sec-k. The skin_s i_sydroxylt_ssu- specific t_s_stivity is thenefuore exioresseoi (7) as n_sn_sits per mniiiigrarn u_sf skin
I_s_son_s_s_s_sgenate pr_s_stein_s in_s weu_sn_siin_sg mice, t i_se age at which the c-arc-in_s_s)gen_s was aiwutys apj_siied. Eto_soxide
l_sv_sinase activity wu_ss asst_sye_s1 as pnc-vi_s_stnsiy dc-sc-nbc-u (13) inn the same liver muic-r_s_sso_sn_sai frac-ti_son_s used

f_s_snthe dc-tern_s_si_station_s u_sf u_snyi hy_slro_sct_snI_s_son_s hydro_sxyiase activity, an_so! is expressed n_s_sn_san_soon_soles u_sf [SE-I]-

st ynen_se glyc-_soi fonn_s_sed I _s_s5 n_s_sin_spen nniilignani _s_sfn_sit rogen_s ; ni t nogen c-_s_sn_ste_s_st was deter_s_s_si n_se_si I_sy t he mnicr_s_s-

Kjehidahl i_s_set ho_sot. All e_s_szyn_s_se specific u_so’tivities ane given_s as n_s_sea_sos ± stan_sduoroi oieviatioon_ss, with a

n_s_sin_sin_si_sin_s0_sf it) ni_si_s-c- u_sssu_syo_st in_soiivi_siniuiily it_s eu_sc-h gro_sup.

i’u- Anvi hydrocarbon hvdnoxvlase specific activitu- � Epox�de hydrase
niors - - - - spec_sfic activity’

Inbred or - � -

hu’brid � Propose -
. � genotype

n_souse -

(‘57BL 6N

i)BA 2N

Skin_s

ControF’

per
total � .

- mice � Liver m_scrosomes

in -----�-- �----�

gro_s_sp� Controi � MC

AhAh �6i0 ± 100 �

� 0_-l:3� 2570 ± 5i0�

al_sal_s � 560 ± 110 -

-1921 � 540 ±

1_i ± 0.23

� 8.9

1.0 ± 0.17

-600 ±

90

95_s

� 2750 ± 480-

� 550 ± 98�

1.1 ± 0.18c,

± 42±2.0

� 49 ± 3.2�

1.8 ± 0.28 �44 ± 2.9

- 9.9 ± 2.3 � �44 ± 3.6

2.2 ± 0.48� 46 ± 3.5

.- i�l_sc- specific ac_sivitits f_son the c-oi_s_st-r_soien_szymes were determinet! o_sn separate gronnps _s_sfappr_s_spniate

o’o_sn_stroot i_s_sic-c-, i .e. , _sof sit_s_silt_sr tige a_s_sd genotype, treated with c-_s_sr_s_s_soil i_s_stnn_spenit_son_seu_siiy 24 hr prior to

_s_sssay _sof liver m_s_sicnosu_sn_ses, or with 50 �n1 _sof ac-c-to_sn_se t_sopicaily 24 i_sr pni_sor to uisst_syi_sig any! hydr_s_sc-anhon

1_sydnooxylase activity’ in_s skin.

0 \Ve c-an_sn_so_stdistingn_sisl_s between_s n_si_ste I_s_son_s_sozyg_s_sus or heteno_szy’g_s_s_sns f_s_sr the Ah u_slide.

( Fu_sn the con_strol en_szynue activities, �vo- c-u_sn_si_s_sot-distinguish t_sn_s_s_s_s_s_sg4/_sAh , Ahah ,or ahah mice (23-

25).
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1)2 X B6I)2F_s�4/_sA/_s u_sr-

0_sr A huh’ 20) :34�

1361)2F_s a/_se/_s16 25

Liver microsomes

MC ControF’ MC

:38 ± 2.8

2.1

vlase activity in_s ti_sc- skin_s of ti_sc-sc- 1)2 n_s_sic-c-.

136 u_si’ D2 n_sic-c- ni-c-_s-ivin_sg pi_scorbo_si o’stc-m

alot_su’ do-velopeul n_so fun_s_s_sons. \Ve alu�o_s f_s_st_si_sub

ti_sat ro-peated ti_si_sic-al applic-atioIoS 0_sf p1_son-
bob ester dc-i_sm_s-s-sc-uitho- baselit_se arvi b_sydro-
carbon i_sydroxylasc- activity in_s ti_so- -skin c_sf

B6 on D2 n_s_sic-c-by 30-70 � . Perhaps -sen_ssi-

tivif-y of fl_sc- skin_s to j)i_so_srbi_si ester, i_sading
to ii_sflamn_sati_s_sn_s, is a go-n_s_s-tic- factor in_s D2

n_sic-c- not bun_sd it_s B6 u_s_sic-c-. It_s any event,

f-lois facto_sm ivas c-at_sc-c-led it_s ti_se hybrids
bc-f uvc-c-n_s fl_si- 136 a_s_sd 1)2 in_sbnc-d strain_s-s.
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In offspnin_sg fron_s ti_si’ back-c-ross bc-tuvc-en_s

ti_sc- D2 an_sd the B6D2 1’_s n_sic-c- at_sd it_s ti_se

F2 _s)ffspning, aryl i_syibroc-anbon hydroxylase
activity i_s-as gem_s_s-tic-ally imoubuc-ibbe by aro_s-

matic h_sydroc-arbom_s-s in_s 34 and n_sot in_sducible

in 25 an_sim_s_sais. Comparing these t_s_so groups,
ive font_sd ti_sat 20 of tI_sc- 34 am_sd 16 o_sf the 23

anin_sabs i_sad tumors, i.e., abotit 60 � i_sf

either group. TI_se n_seam_s specific- ac-tivitio-s of

the i_sc-patic n_sic-rosomal on skim_s c-on_sstitutive

anyi hydni_sc-amboi_s hyulroxylase i_s-c-nc- too_sf sig-

nificantly (p > 0.05) differet_st from t-i_so_sse iii

the B6 or D2 im_sbred n_sic-c-. Likc-_s_sis_s-, ti_se
meat_s aryl 1_sydroc-anbon_s hydroxybase activity
it_s ti_sc- MC-trc-atc-d i_sybnids I_savin_sg thi- it_s-

ducible enzyme was n_sot significat_stiy (p >
0.05) different from ti_sat in the MC-treated
B6 mice, an_sd ti_se n_sean_s et_szyn_se activity in

the MC-tnc-ated but get_sc-tic-ally _s_sonn_s--spon-
sive hybrids was moot significanotly diffi-nen_st
from fl_sat in ti_se MC-tnc-ateul 1)2 mi_sic-c- on

from ti_se 1_set_satic or -skin en_szymc- activity in

ti_se con_stmol 1_sybnids.
Amot_sg these o_sff-spmin_sg, i_se al-si_s fo_sut_sul

mice i_s’it-i_s a greater sensitivity to ti_se ne-
peated pi_sonbol ester tneatmc-n_st-s in_s boti_s ti_so-
tumon-bc-arin_sg an_sd no_sm_s-tun_sor-beamin_sg

groups, with_s about- ti_se san_se frequency . We

thus conclude ti_sc-no- is n_so absolute c-corn_s-la-
tioi_s betiveet_s ti_so- n_sagnitude _s_sf pI_so_snbol
ester prc_sduceil ii_sflan_sn_sation_s at_sub ski_s_s tun_soom-

igenic-sis.

Are duff_s-nc-nc-es u_sti_sc- mates o_sf mc-tabolisn_s

of poiyc-yc-lic l_sydrocarbot_s epoxidi’s n_sc_sno

import-ant ti_sat_s ti_se ro-lative level o_sf aryl

hydrocanbi_sn h_sydroxylase activity i_s_s ti_ses_s

n_sic-c? As si_sow’t_s it_s Table 1, m_s_sosign_sificam_st

diffenc-i_sc-os ‘were foot_sd iii ti_so- h_sc-pat-ic c-i_soxiubc-

hvdrasc- activities of co_sm_stmo_slat_sd MC-tmeated

iiibred or hybrid n_sic-c- . Epoxido i_sydrase

activity ivas i_sot ubi-tc-cfo-d it_s ti_se skim_s _s_sf
ti_sc-so’ n_sico, c-vet_s i_s-iti_s a modified, mo_sre

sensitive assay; i.e., fl_so- -specific epoxide

hydnase activity iviti_s {3H]stynene oxide as

substrate i_s-a-s less ti_sam_s 0.10 t_smole of uliob

formed per 3 mit_s pc-n n_sillignan_s of n_sitrogei_s,

whici_s is less ti_san 0.20 % of ti_sat fi_sun_sd in

ti_se livers of ti_sc-se mice. Ti_si-s sc-n_ssitive radio-

metric assay for o’poxide i_sydrasc-4 is still

4 The earlier assay for epoxide hydra�e (13) with

[#{176}H]styrene oxide was n_suodified as follows. The

in_scubation tin_se for the 0.4-mi reaction_s mixture

ot_sly about 3�iiO) as semosifive as ti_se -spc-c-tm_s)-

photometric assay for ar3-1 h_syubrocarbc_sn_s
i_sydnoxylase (1, 23-25).

We found ti_sat- ti_so- AHH system_s_s in_s ti_sc-
kii_s _s�fD2 n_sic-c- i o’_sno-si-stc-t_stly in_sdtic-ed by

MC to) levels sign_sifio’n_sn_stly (P < .05) great_s-n’

ti_st_sn f-I_se c-ot_sstituf-ive o-n_szyme activity. Ti_sis

findim_sg is aitogeti_sem different froni ti_sat- iii

liver, kidn_s-y, boi_se1, n_snd lung i_s-I_sc-re ti_so’

sj)_s_s’ifitt activities after MC tm_s-u_st-n_sc-i_sf- n_sro’
i_st_sf- greater f-han the o’o)nfmo)l ic-vu-is in al_sal_s

n_si_so- (23). Thus, it appears ti_sn_sf- wi_so-re_sos

AHH india-ti_s_sm_s by _s_sromat-io’ i_sydn’ooo-arbiot_ss

i-s c-_s_sn_spl_s’to-ly ri-press_s-ui u_s livu-u’, kidnc’y,

boi_s-c’b, am_sub lung, ti_sit_s - ‘n’u-pre-s-si_son_s’’ u� i_s_s_sf

o’on_splc-fe in the -skin of t-i_se�oc- s_s_sn_so’n_s_si_s-u-.This

fii_sdim_sg uvu)uld also explaii_s i_sI_sy AHH n_si’-

tivitv il_s sc-o’c_sm_sdary c-tiltun’o-s of fetal l)BA-2X

m_s_s0ti�O(’ cells, uvhicl_s are u’on_spmisc-d u_sf skit_s

fibm’obbasts a-s i_s-_s-il as o-ell-s derived fm’_s_sn_s_siivo-n’,

kiilm_sey, bo_s_s--I, at_sd htii_sg, is alu_s’ays sligi_st-hy

i_s_sdtionibbe by �)O1yO’y(’li(’ i_syult’o_s’_sin’b_s)t_st’-tin_s ti_sc-

gm’i_su_sfl_sn_sediun_s (1, 24).
In_s stimmary, un_sder ti_se c-_s_sm_sditionosu_sfti_sc-sc-

expc-min_sents, get_sc-tic- uliffc-ret_sc-c-s im_s f-i_se o-x-

tent of aryl ioyulnocanbio_s_s i_syuiroxylase in_sdtic--

f-ic_sn_sby i_si_sl�cyclic- h_sydmoocarbom_ss are um_sno--

hated to -skin t-un_somig_sn_sc-sis in_sifiated by

Di\-IBA at_sd i_snon_sotc-d by repeated applica-

tions of i_si_sc_snboi ost_sn. Several im_sto-rpnita-

f-iom_ss o’xist. (a) If at_s aryl hydmooc-arbom_s

i_sydncoxylase-n_sediatc-d n_set-abohite of 1)MBA

is ti_so- active c-amc-im_sogei_s, ti_se c-on_sstitutive

activity of thus o’n_szyme in ti_se skit_s u_sf f-i_se-se

in_sbro-d at_sd hybniul mico- n_say ho- -stuffic-ic-nf- to

initiate ti_so- c-at_sc-c-n. (b) Ti_so’ parc-not I)\IBA
n_soloc-ube itself may be ti_se camc-in_sogen_sic

ago-nt. (c) DMBA n_say be metabolic-ally

activated through_s n_seci_sani-sn_s-s m_sot t_s_so-diat u-i!
by ti_se anyl hydrocarbon i_sydroxyha-sc- sy-s-

ten_s, eiti_ser at methyl gri_sups (26, 27) u_sr at
other positions (28-30) . Expenimc-n_st-s simi-
lan in design, but with_s tI_se use of noon_s-

at p1-I 9 was 60 mm_s with 0.8 �_smole of [#{176}H]styren_se
oxide (1.4 X 10#{176}dpn_s). The extracted [3H]st-yren_se

giycoi, along with carrier, was purified by thin_s-

layer chromatography (silica gel GF; be_s_szen_se-

c-hi_sroform-ethyi acetate , 1 :1 :1) , extracted f ron_s

the silica gel with methanol, and assayed spectro-

phot oometrically fu_sr recovery am_sd radiometrically

for conversion. The sensitivity of the assay is

limited by n_som_senzymatic conversi_s_sn of oxide to
glycol.
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n_s_st-tloyiatc-d c-arc-i i_so_sgo-i_sic arom_s_satic- by drcc-ar-

b_snos, are also_s it_s pnogtess. (ci) The activity i_sf

_s-poxide 1_sydnase _s)n c_sf a poossible co_supled
am’yl i_sydroc-arbot_s i_syibroxybas_s--epc_sxido- i_sy_

oirase svu-otem5 (c-f. mo-f. 32) in_s f-I_se ski_si of

thio’�te in_shred a_s_s_si i_sybniui t_s_sic-o- n_say differ

u_s-iuio-ly at a levi’! bo-bt_s_s_sti_so- s’n_ssitivity _softi_se

_s-nmzyn_sc- assay; tI_sos ro-i_s_soval of ti_se c-j_soxidc--
by fc_smn_sation_s of ti_se trans-diliydrouiiol nc-la-
tivo’ to ti_se rates _s)f 1)1_sc-tool forn_safiom_s o_sr

co_s-abc-n_sf- im_stc-mac-tiom_s uvitl_s c_s-lbular i_s_sac-i o-

m_s_solo’c-ul_s-s------�_s_say be n_si_sme imj_sortan_st f-i_sam_s

tI_se ext_s-n_st of any! I_sydroc-arb_s_st_s I_sydroxyiasc-

in_sd_sic-f-i_s_sn_s.I’urth_som’ -studio--s u_sith ti_se ti-so- _s_sf
go-n_so-tic n_s_sodo1s �ouc-io a-s fl_so-se inbm_s-d an_sd

i_syhriub n_sic-c- wio_silil bo- helpful in_s _s-val_siafi_s_sg
ti_s_sse l)Ossibiiities.

�Voie Ad(le(l Iii P_s’o_s)j: Pt’o’bii_s_sin_sam’y ubn_sta

im_sdic-afc- fl_sat- ti_semi’ i_si-so_s_s-xist�o n_s_s_su’_s_smm’elafi_sn

bc-tu_sc-c-n the gei_sc-fiu- uhiffi-u’o-_s_su’o--si_si f-I_sc- o-xt-_s-nt

c_sf an’vb i_sydroc-amb_sn_s i_sydn’ooxybn_s-sc- im_sd_si_s’tion_s

by amon_safio- i_sydn’o_s’an’bo_sn_ss at_sub -skit_s f-tin_s_son-
go-n_sc-sis initiated by 20 ng of bi-i_szo[ajj_syu’_s’m_sc-

u_sm_sibpr_s_sm_s_s(ot_s’dby i’tl)O’ult_s’ib utl_sI)lio’tttiO_si_s_so o_sf

J_si_si)t’bOb o’st_sm’.

ACKNO_sVLEDG_st EXT

\Ve t i_st_sn_sk Fran_sc-in_se G_suj_s_sm_s u_s_s_sdN_s_sreen_s Mornis

f_s_sr vali_su_shle tec-1_s_s_si_s-u_s.1assist an_see.

REi-’EREN(’Es

I . I). W� Xebent an_sc! L. L. Baussenn_s_sant, A_s_sn.

_\_. }__ Ac-a_si. _sS’_s-i.179, 561 (1971).

5 TI_so- i_sc-patio- t_s_sio-r_soson_ses an_sd the skin_s ho-

n_s_s_s_sgo-_s_satc-s fr_s_s_s_s_stti�on_st ri_si _s_sr NIC-treated _s_s_sicewere

in_sct_sI)t_ste_sl as i_ssuuil f_s_sr the anyl 1_sydr_soc-arbon_s

t_sy-drooxyiasc-assay- i_s_s_s’ilro (1, 23-25) it_s the presence

0_sf t nici_sli_snu_spropene oxide, an_s in_shibitor of epooxide

1_sydrase (31) that do_sc-s n_s_sot-alTo-ct any-i hydrocarbon_s

Ioydru_sxyiase u_sc-tivit’ (un_spul_siishe_sl observuiti_sonos).

Foonn_s_su_sti_s_sn_s (of the phc-_si_soi 3-l_sydr_s_sxy-be_s_sz_s_s[a]-

j)yren_sc- was n_sot measurabiy in_sc-reu_ssed in_s the pres-

c-_s_see _s_sfthis inhibitor, indicati_s_sg that c-_s_s_s_sversi_s_sr_sof

ti_se arc-n_se _soxide to_s ti_se irans-dihydrodio_si by- c-poxide

loydnase iii C57BL/6N ton i)BA/2N n_s_souse liven

u_sn_sdskin_s is a relatively mi_s_st_sr pathway. Thus, if

tric-hlo_sroopr_s_spc-n_se oxide is al_sic- t i_s toi_so_s’k ep_sxide

I_sydnt_sse activity- in_s u_stigl_stiy co_s_s_spied ary-l hy-dr_s_s-

carbon_s hydnooxyiu_sso- -el_so oxide i_syolrase tnc-r_sii_sran_se -

i_so_sun_sd system, it- woo_s_sIc! u_si_si_sc-u_srt i_st_st st_sc-I_s u_s syste_s_s_s

either do_sc-s no_s)t exist 0_sn exists i_s_s t_sn_sdetec-t-abie

tti_s_st_sn�in_sts in_s the iivu-r u_s_soilsk i n_s0_sfthese i_s_si_se.

2. 1). W. Nc-bert u_sn_sd H. V. Gc-lb_s_sin_s, Ar_s-h. Bi_s-
c-he_sn. Biophys. 13-I, 76 (1969).

3_ 1�. W. W_s_st-tc-nberg an_sd J. L� Leo_s_s_sg, .1. Hislo-

ehe_s_s_s.Cyioehe_s_s_s.l0, 412 (1962),

4. R-. M. Wc-ic-l_s, Y. E. IIannis_son_s, A. H. Co_sn_sn_sc-y,
P. ,J. Po_sppers an_so! NI. Fi_s_sster, S_sic_s_see 160,

541 (1968).

5. 1). W. Nc-bert, J. Win_skor an_sd FT. V. Gelboin,

Ga_s_so-er Re�s. 29, 176,3 (1969).

6. L. W. Watt-em_sherg a_s_sdJ. L. Leo_s_sg, Cu_s_s_s-er Re.s.
30, 1922 (1970).

7, 1). \V. Nc-bert, 1�_s. L. Baussermu_sno u_s_s_sdB. H.

Bates, In!. J. Ca_so-_s-er6, 470 (1970).

8. B. B. Br_s_sdic-, W. D. Bc-id, A. K. Ch_s, U. Sipes,
G. K_s’isi_sn_su_sar_soi ,J� H - Gill-_s to-, Pr_s_s-. Nat.

4eail.Sri. U. -S. A. 68, 160 (1971).

9. D. M� Jo-ni_smut, J. W. 1)aiy-, 13. Wit-kop, P.

Zalt zman_s -Ni rc-m_sbc-_s’g an_sd S . TJdc-n_sfric-m_sd,

I3ioo-hen_sisir!/ 9, 147 (1970).

10. 1�. L� Gn_s_sver, A. Ilewer a_s_sd P. Sit_s_ss, FEBS

Leii. 18, 76 (1971).

11. F. Oesch a_s_sd J. 1)aiv, Hi_s_s_s-hi_si_s.Biophys-. A_s-ia

227, 692 (1971).
12. F. Oc-sc-h, 1). M. Jerin_su_s an_sd J. W. Dal�-, Arch.

Bii_s_s-he_s_s_s. Biophys. 144, 253 (1971).

13. F. ()escl_s, I). ri-i. .Jc-rin_su_sam_sd J. 1)aly-, Bioehi_sn.

Biophy.s-. A_sia 227, 685 (1971).

14. 1). Jeri_s_su-_s, ,J. i)aly, B. Witk_s_sj_s, P. Zalt-zma_s_s-

Niren_sbc-ng a_s_sd S. IJden_sfnie_s_sd, Arch. Bio-
i-I_s-c_s_s_s.I1iophi�s. 128, 176 (1968).

15. 1). I\-I. Jo-ri_so_si, N. Ku_sm_shisch a_s_sd .J. W. Daly,

Pr_si_s. Xui. �-li-u_s/. Sri. U. 5 4 68, 2545

(1971).
16. P. L� (�r_s_svc-r an_sd P. Sims, Bio_s-/_se_s_s_s.P/_s-ur_s_s_sacol.

19, 2251 (1970).

17. G. Knisl_sn_su-_s, ?_sI. Eic-hc-lhaun_s ton_sd W. 1). Reid
Phar_si_sa_s-oloqisi 13, 196 (1971).

18. P. � (inoover, 1�. Sims, E. I-limber_s_s_sn_so, H.

\Iarquardt , T. Kun_soki u_sn_sdC. Hc-ideii_senger,

Proc. N_sit. A_so_s_si. Sd. U. S. A . 68, 1098

(1971).

19. E. Huhc-n_s_s_sutn_s, L. Aspinas, C. T1c-ioieli)c-nger,

P. L. (in_sover an_sd P. Sinis, Pr_sn-. Nut. �4cad,

Sc_s. U. S. A. (o8, 3195 (1971).

20. M. J. C_sot_skst_s_s_s, P. Si_sus an_sd P. L. Gro_sver,
.Vui_s_sre Ne_st Bioi. 234, 186 (1971).

21. A. I-I. Co_s_s_s_s_sey,Ph_s_sr_s_s_sc-cool. flee. 19, 317 (1967).

22. D. W. Nc-bert an_s_siL. L. Baussermai_s, .1. Biol.

C/_s-c_s_s_s.245, 6373 (1970).

23. I). W. Nc-bert an_si J. 1-. Gieien_s, Fed. Proc. In_s

P�’c-�5.
24. 1). W. Nc-I_sent-, F. M. (io_suj_son_su_sm_sdJ, E. (helen,

Nat_sore Ne-_s_s Bioi. 236, 107 (1972).
25. J. E. Gic-len, F. M. Goujon_s an_sd I ). W. Nc-bert.

J_ Biol. Chein. 247, 1125 (1972).

26. A. I)ii_splc-, P. 1). Lawley an_s_si 1�. Br_s_sokes, Eur.

J_ Cancer 4, 493 (1968).



SHORT CO_sI_stUNICATION 379

27. E. Cavalieni a_s_sdM. Calvin_s Pro_s. Nut. Acad.

Sc-i, U. _sS. A. 68, 1251 (1971).

28. J, Fried and D. E. Sc-h_s_s_s_s_sm,J. A_suer. (7/_s-crn.

Soc. 89, 5508 (1967).

29. M. Wilk an_sd W. Girke, in “Jc-rusalet_s_sSy-n_s-

posia on_s Quan_stun_s CI_se_si_sistry an_sd Bio-
chennist-ry” (E. 1). Bergn_sanno a_sod B. Pull-
man, eds.), (Israel Ac-a_sic-n_sy_s_sfSc-ic-nicean_sd

IIun_s_sa_soities; ,Jc-nusaien_s_s), Vol. 1 pp. 91-105,

1969.

30. J. \V. Fic-sher an_sdK. L. Syd_s_sor, Cancer lies.

31, 1951 (1971).

31. F. Oc-scl_s, N. Kanobisch, D. M. Jenin_sa an_so! J. W.

l)aly’, Bioche_s_s_sisiry 10, 4858 (1971).

32. F. Oc-sch a_s_sd J. i)alv, Bioche_s_s_s. Biophy.s. lies.
Co_s_s_si_s_s-un. In_s press.




