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Hepatic aryl hydrocarben hydroxylase {AHH) inducing potency of toxic polychlorinated
aromatic hydrocarbons such as polychlorinated dibenzofurans (PCDFs), 3,4,5,3/,4,5-hexachlo-
robiphenyl (HCB)} and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD} was studied in 4 inbred strains
of mice with different phenotypes of Ah locus, i.e., AHH responsive strains: CS7BL/6N and
AKR/MSQdj, and AHH nonresponsive strains: DBA/2CrSlc and Qdj, DDD. Eight individual
PCDF isomers or TCDD were administered i.p. in dose of 30 ug/kg; HCB was given in a dose
of 120 ug/kg. In AHH nonresponsive strains of mice, only TCDD significantly induced hepatic
AHH activity while in AHH responsive strains, 2,3,7,3-tetrachlorodibenzofuran (TCDF), 1,2,3,7,8-
pentachlorodibenzofuran (1,2,3,7.8-PCDF), 2,3,4,7,8-pentachiorodibenzofuran (2,3,4,7,8-PCDF)
and TCDD significantly erhanced the enzyme activity, and the induced AHH activities with the
three PCDF isomers were about 30 to 65% of those of TCDD. These results indicate that AHH
responsiveness in mice segregates with the induction of AHH activity by PCDF isomers and may
also segragate with the toxic potency of the isomers; i.e., toxic potencies of TCDF, 1,2,3,7.8-
PCDF and 2,3,4,7,8-PCDF in AHH responsive strains of mice may be much greater than those
in AHH nonresponsive strains of mice.

AHH inducing potency of these compounds was also investigated in human lymphoblastoid
cell lines with different AHH inducibility for 3-MC obtained from healthy subjects. Each of the
cell lines was treated with 8 individual PCDF isomers, TCDD and HCB at doses of 1.9 to 15 ng/m/
of culture medium, 1.9 to 7.5 ng/m! and 95 ng/ml, respectively. Lymphoblastoid cell lines were
arbitrarily classified into 3 groups based om their AHH inducibilities with 3-MC (2.5 gM); low
{3-MCjcontrol=1I<3), middle (3= <6) and high {I=6). Degrees of the enzyme inducibilities of the
organochlorine compounds proportionally increased with those for 3-MC. AHH inducibilities with
2,3,4,7,8-PCDF, 1,2,3,4,6,7-hexachloredibenzofuran (1,2,3,4,6,7-HCDF) and 1,2,3,4,7,8-hexachlo-
rodibenzofuran (1,2,3,4,7,8-HCDF) were comparable to those of TCDD at doses of 7.5 ng/ml,
and about twice as high as those of TCDF, at the same dose. HCB, at a dose of 95 ng/mi,
d@d not induce enzyme activity. Since AHH inducing potency of polychlorinated aromatic
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hydrocarbons has been a very good index of their toxic potency, and since AHH responsiveness
seems to relate to the toxic potency of the compounds in laboratory animals, epidemiological
investigations on toxicities of 2,3,4,7,8-PCDF, 1,2,3,4,6,7-HCDF, 1,2,3,4,7,8-HCDF and TCDD
in humans have to be done, particularly in those with a high AHH inducibility.

Faking into account both the potent AHH inducibility and the high bicaccumulation of TCDD,
2,3,4,7,8-PCDF and 1,2,3,4,7,8-HCDF, these three compounds should be given greater attention

with regard to environmental contamination.
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Fig. 1. AHH activity as a function of the
time of incubation. Viable cells (4x10¢
ceils/assay) were incubated at 37°C for
indicated times and the reaction was termi-
nated with ice-cold acetone.
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Fig. 2, Relationship between AHH activity
and viable cell number. Indicated cells
(per assay) were incubated for 30 min at
pH 8.5, 37°C.
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Table 1. Effects of pretreatment with 3-MC
on hepatic AHH activity in 4 inbred strains

of mice.
3-OHBP formed, pmol.-min—t-
. mg protein~!#
Strain Sex N Contren 3O
(300 mg/kgb. w.)
DBA M 3 854 7 71+ 6
DBA F 5 135418 138+ 11
DDD M 5 151419 148+ 7
DD F 5 522 £34% 486+ 18
C57 M 35 28220 30964 185*+*
C57 F 5 4014-21% 37924:134%*
AKR/MS M 5 24656 26451 47%*
AKR/MS F 5 619 +75* 2696+ 66**
#: Bach value represents the mean = standard
error,

N: Number of animals used.

*: Significantly different from the male control
group, p<0.05.

**: Significantly different from the control group,
p<0.01.
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Fig. 3. Kinetics of AHH induction by 3-
methylchotanthrene (3-MC), 3-MC was
added to a final concentration of 2.5uM.
Cells were harvested at the indicated
intervals and were assayed for AHH
activity.
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Fig. 4. Dose-response relationship between the
inducers and AHH activity. Cells were
incubated in mediums containing 5l of
acetone (as a control) and different doses
of the inducers for 48 hours before assay.
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Table 2. Effects of pretreatment of DBA and DDD Mice with PCDF isomers, HCB and
TCDD on hepatic AFH activity,

AHH activityl

Compound N Dose (3-OHBP formed, pmol-min-mg protein™)
{pefkg b.w.)
DBA DDD
Control 4 — 794 3% 204+ 12%
2,3,6,7-TCDF 4 30 T2:k 3% 167+ 16*
2,3,7,8-TCDF 4 30 8+ 4+ 211+ 32%
1,2,3,6,7-PCDF 4 30 T4k G* 171+ 12+
1,2,3,7,3-PCDE 4 30 77+ 6% 230+ 14*
2,3,4,6,7-PCDF 4 30 85+10* 1684 3%
2,3,4,7,8-PCDF 4 30 63+ 7% 193+ 15+
1,2,3,4,6,7-HCDF 4 30 84+ 4% 188+ o*
1,2,3,4,7,8-HCDF 4 30 824 6* 177+ 25%
HCB 4 120 83+ 6% 2134 19*
TCDD 4 30 1241462 22304125

#: Each value represents the mean=standard error.
N: Number of animals used
*: Significantly different from TCDD group, P<0.001.

Table 3. Effects of pretreatment of C-57 and AKR/MS mice with PCDF isomers, HCB and
TCDD on hepatic AHH activity.

AHH activity*®

Dose - min—l. -
Compound N (uefhe bow.) (3-OHBP formed, pmol-min~t:-mg protein=)
Ccs7 AKR/MS
Control 4 — 282 14 277+ 32
2,3,6,7-TCDF 4 30 448+ 35%b,e.¢ 3644 312
2,3,7,8-TCDF 4 30 2067:+£322%® 37561272
1,2,3,6,7-PCDF 4 30 241+ 19 291+ 20
1,2,3,7,8-PCDF 4 30 19674131208 1909-+1612:b.4
2,3,4,6,7-PCDF 4 30 1139+ 728:® T45+130°
2,3,4,7,8-PCDF 4 30 1930+1162%.4 2122 +£167~-0-¢
1,2,3,4,6,7-HCDF 4 30 274+ 21 328+ 26
1,2,3,4,7,8-HCDF 4 30 6794 57%b.cs0 4444 B3v.c
HCB 4 120 2594 23 231 47
TCDD 4 30 4349+123¢ 58082333~
*: Bach value represents the meanzkstandard error.
™N: Number of animals used.
a: Significantly different from the control, 1,2,3,6,7-PCDF, 1,2,3,4,6,7-HCDF and HCB group, P <0.05.
b: Significantly different from TCDD group, P <0.05.
¢: Significantly different from 2,3,7,8-TCDF, 1,2,3,7,8-PCDF, and 2,3,4,7,8-PCDF group, P<0.05.
d: Significantly different from 2,3,4,6,7-PCDF group, P <0.05.
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Table 4. AHH inducibility of PCDF isomers, HCB and TCDD in human male lymphoblastoid

cells
Age (Years) 19 4 12 40
Induction ratio
MO0 1.0 4.0 4.1 12.1
Dose Specific AHH activity
Compound (ng/ml) (3-OHBP formed, pmol-min~*-10-% cells)
Control — 0.006 (1.0} 0.005 (1.0) 0.017 (1.O) 0.024 { 1.0}
2,3,6,7-TCDF 7.5 0.007 (1.2) 0.013 (2.6) 0.075 (4.4 0.190 ( 7.9
2,3,7,8-TCDF 7.5 0.007 (1.2) 0.014 (2.8) 0.072 (4.2) 0.165 (6.9)
1,2,3,6,7-PCDF ) 7.5 0.006 (1.0) 0.010 (2.0) 0.061 { 3.6) 0.206 ( 8.6)
1,2,3,7,8-PCDF 7.5 0.011 (1.8) 0.017 (3.4) 0.118 ( 6.9} 0.272 (11.3)
2,3,4,6,7-PCDF 7.5 0.008 (1.3) 0.011 (2.2) 0.061 ( 3.6} 0.185 {( 7.7)
2,3,4,7,8-PCDF 7.5 0.012 (2.0) 0.021 (4.2) 0.138 ( 8.1) 0,335 (14.0)
1,2,3,4,6.7-HCDF 7.5 0.009 (1.5) 0.026 (5.2) 0.128 ( 7.5) 0.432 (18.3)
1,2,3,4,7,8-HCDF 7.5 0.016 (2.7 0.028 (5.6) 0.184 (10.8) 0.336 (14.0)
HCB 95.0 0.005 (0.8) 0.006 (1.2) 0.016 { 0.9) 0.040 ( 1.7)
TCDD 7.5 0.018 (3.0} 0.030 (6.0) 0.145 ( 8.5) 0.471 (19.6)

Figure in each parenthesis indicates an induction ratio (induced/control).

Table 5. AHH inducibility of PCDF isomers, HCB and TCDD in human female lympho-

blastoid cells

Age (Years) 26 46 24 46
I“d&fggg l,g;“" 1.5 3.7 8.2 15.9

Compound (}r?gc;';?l) (3-OHBP Sf%‘ifﬁflﬁ,”;i% Aarggg-lfﬂe—" cells)
Control — 0.011 (1.0) 0.007 { 1.0) 0.088 ( 1.0) 0.024 { 1.0)
2,3,6,7-TCDF 7.5 0.016 (1.5) 0.031 ( 4.4 0.601 ( 6.8) 0.364 (15.2)
2,3,7,8-TCDF 7.5 0.017 (1.5) 0.024 { 3.9 0.523 ( 5.9) 0.428 (17.8)
1,2,3,6,7-PCDF 7.5 0.016 (1.5) 0.026 ( 3.7) 0.605 ( 6.9) 0.451 (18.8)
1,2,3,7,8-PCDF 7.5 0.020 (1.8) 0.052 (7.4 0.684 ( 7.8) 0.660 (27.5)
2,3,4,6,7-PCDF 7.5 0.012 (1.1) 0.025 ( 3.6) 0.605 { 6.9) 0.495 (20.6)
2,3,4,7,8-PCDF 7.5 0.028 (2.5) 0.052 ( 7.4) 1.020 (11.6) 0.855 (25.6)
1,2.3,4,6,7-HCDF 1.5 0.022 (2.0) 0.067 { 9.6) 1.043 {11.9) 0.772 (32.2)
1,2,3,4,7,8-HCDF 7.5 0.025 (2.3) 0.074 (10.6) 0.964 (11.0) 0.667 (27.8)
HCB 95.0 0.009 (0.8) 0.006 { 0.9) 0.122 ( 1.4) 0.039 { 1.6)
TCDD 7.5 0,026 (2.4) 0.059 { 8.4) 1.011 (11.5) 0.794 (33.1)

Figure in each parenthesis indicates an induction ratio (induced/control).
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Table 6, Comparison of AHH inducibility of PCDF isomers, HCB and TCDD in human

lymphoblastoid cells from 235 individual females

Induc;ioMnerac‘t:io ) I<3 35I<6 I=6

(Mean=S.E.) (2'}?3?:3,1) (3'312*;% 2 (1. ;f\z:tmlcf)

. Dose i tvi
Compound (ng/mi) {Mean Eé:l%t: vgf ?ﬂ%ngﬁtéégﬁ ratio)

Control e 1.0 1.0 1.0
2,3,6,7-TCDF 7.5 2,2::0,200 3.410. 4% 13.5:42.6°
2,3,7,8-TCDF 7.5 2,2:40,20 3,0-£0, 3808 12.0x2. 6=
1,2,3,6,7-PCDF 7.5 2.140.28:® 3,040, 28004 13.1%2.9+
1,2,3,7,8-PCDF 7.5 3.140.28 4.640. 5% 18.7£5.1
2,3,4,6,7-PCDF 7.5 . 2.240. 280 2,74:0,38:0.4,0 13, 7£3.0
2,3,4,7,8-PCDF 7.5 3.8:0.3 5.8::0.6° 23.4%5.8%
1,2,3,4,6,7-HCDF 7.5 3.940.4% 6.2+0.6" 22.946.9
1,2,3,4,7,8-HCDF ,7.5 3. 8+0.3 6.8%0.7% 21.8%6.1
HCB 95.0 1.0£0.1 0.940.1 1.6£0.2
TCDD 7.5 3.940.3 5,740.8 23.1%4.7¢
N; Number of individual human lymphoblastoid cells used.

: Significantly different from the HCB group, P <0.05.
; Significantly different from the TCDD group, P <0.05.
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FRAEH 4, 5 Rl Bed, MC X
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: Significantly different from the 1,2,3,4,7,8-HCDF group, P <0.05.
: Significantly different from the 1,2,3,4,6,7-HCDF group, P <0.05.
: Significantly different from the 2,3,4,7,8-PCDF group, P <0.05.

4 B Tlio, 2,3,4,7,8-PCDF, 1,2,3,4,
6,7-HCDF, 1,2,3,4,7,8-HCDF iz } 5 AMH 35t
Ity TCDD :RBEEL, i, PhERT
PCDF BA:hor ¢ i AHHE FHdi
F Ll TCDF L v d Ed ot HCB i X 28
EHEERTIGEAFBE SR oh, TER
VE, MC e koT 12,1 {55 B0 15.9 &
BLEVWHULATFLTVDY v AR R
%, FOBEIMLOIEHOH 13 HBThHL
i bY, AHH g AL EE Lo
ico

drik 25 o T, 3-MC i X A5k ()
DEVB L —F ([<3), D FAr—7F (B=I<
6), BW\~Fa—7 (I=6) Rlic PCDF % 4 {&,
HCB, TCDD OifxIpvEEaiGie Ghaay AHH
R 1 &3 5) 2, TOFREFEOLES
BTR LT I<3 @& — 7 13 & (52%),
IZI<6 OFrA—-FL 8 4 (32%), LT I>
6 DX —FiE 44 (16%) ThHote, = DIEFE
<4 #{ba o AHH Fiity 3-MCic 1 3758
e e L, 2.3.4,7,8-PCDF, 1,2,3,4,6,7-HCDF
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3508 1,2,3,4,7,8-HCDF i TCDD & F) 2 [
@, ¥ TCDF X bixiy 2 575\ AHH FE
HEFFRL, HCB i3ig & A FEFEHHET 3w
LB EARERTRD, ¥4, 5 OfRER
{—F LT,
& =4

PCBs, PCDFs s } ¢ PCDDs o> AHH #Hi
L, P OBl OMB ORI ERTRVER
BTk EFEL BRI TS (Poland and Glover,
1973; Yoshimura et al., 1979; Yoshihara ef al,
1981), AHH @S2 B &y, BitcBsd
LEHMEFCR v EW 5 3 L $H 5 (Poland
and Glover, 1980), T35 Tix TCDD i3 AHH
TEAE DR S R eSS FA AR L, R2ZEB LT
k3Rt X 5 PCDF # 84k AHH JEIS
Stk 0 BT ATH B SRS L5, AHH
g o FgEc TCDF, 1,2,3,7,8-PCDF ¥ X
¢ 2,3,4,7,8-PCDF Al @G+ B E L
fro Chb® PCDF R X o T s hic
SRR AHH B0y T~14 5 T5H
=, iz, PCDFs ot AHH JeingiE =
v AN, AHE EE-- Y A TL i
2, TCDD Oiflo#y 1/2 Thd o LAREE
e

AT, ShdRny AHH &, BBy
AHH [G#Eds X of ANH S ZAgRific K
Thaotie hEOFERLL, ABKBWTLHE
Sl ame it B ESME « ATz » T
Wh D EAEL bR, Kouri & Nebert (1977)
vk AHH S oBct, AHH Fitho v
ABMEEERE A v F R B RS i % fed B HE L
HFThB ERHEE LTV B, LichaT,
3-MC &k 5 AHH FHllensigyv Az, AHH 3%
HH DS AT, B A 5 Rk
BV BN R R s, BEE T, ARty
A AHH fEik 0FFESs L OV O ESFETC B
 SETRT 2 T iov IipTik, TCDF
vx PCDF Juiifhrpii & i e AHH B & &
AL, 1,2,3,4,6,7-HCDF % Lof 1.2,3,4,7,8-
HCDF @ b 4,37 AHH BaiE g4 m L
(Yoshihara et al., 1981; Nagayama ef al., 1983),

AU v ARk CIEE 4, R 5 R LTEE 6 KR
2TV 5 X 5 TCDF DFESEEE 85 1k ik,
TCDD, 2,3,4,7,8-PCDF, 1,2,3,4,6,7-HCDF & X
o 1,2,3,4,7,8-HCDF 0 12 Thofc, 2DZ
L AMoMleEgS AR EL Y v
ATk M e, 2,3,4,7,8-PCDF, 1,2,3,4,6,7-
HCDE %5 ¥ r¥ 1,2,3,4,7,8-HCDF @ 3%y TCDD

D L EEETH b, TCOF Okl b
S EERFLTCWADML Ly, i, 3-MC
w b AHH 355 th» 6 Bl Lo A iz PCDF
Akt TCDD i L AEEHFHHL IR THD Z
L B, 2,3,4,7,8-PCDF, 1,2,3,4,6,7-HCDF,
1,2,3,4,7,8-HCDF ¥ X ¢¢ TCDD DR L
THESENC TS EB A Bh B A
RIS 35\ TR L B BT B IR IESHI
SR R B, & DIRE L UREN
WEABETHS 5,

PCDF Bt i C, B A ORI TY
fERI ¢ L BRIV RE Mk, vy YT
5 BV BEE UCKRERT % 2@HF LTy
(Rappe et al., 1979; Rappe ef al., 1981) 2,3,4,7,8-
PCDF ¥ X 7F 1,2,3,4,7,8-HCDF i1,
5 vENC Z 0L 5 K ERFATFEEL TWEWD

e PR E <, T AHH BESEO~ ¥
P PNl 1 o AW MEEEATR LR, L
Fohv e T, 2,3,4,7,8PCDF & X o 1,2,3,4,7.8-
HCDF o\ AERE S c O &R 3 LOHR
wEH LR RELERLD
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