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Abstract—Binding of 3-methylcholanthrene (MC), 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and
other “MC-type” inducers to cytosolic Ah receptor sites is the first specific step in induction of aryl
hydrocarbon hydroxylase (AHH; cytochrome P;-450) by these compounds. PHJTCDD and [PHMC
were used as radioligands to quantitate and characterize Ah receptor in hepatic cytosols from genetically
“responsive” CS57BL/6J mice, genetically “nonresponsive” DBA/2] mice, and AHH-inducible
Sprague-Dawley rats. Injection of 50-100 mg/kg of phenobarbital (PB) for 3 days more than doubled
the concentration of Ah receptor in hepatic cytosol from Sprague—-Dawley rats. In C57BL/6J mice, PB
injection at 25 mg/kg X 3 days significantly increased (P < 0.01) the Ah receptor concentration in hepatic
cytosol. No cytosolic Ak receptor was detectable in hepatic cytosol from untreated DBA/2J mice, nor
did any Ah receptor appear after PB treatment in this “nonresponsive” strain. Although PB significantly
elevated Ah receptor in hepatic cytosols of responsive rodents, many previous studies have shown that
the maximal level of AHH activity in animals given PB and an “MC-type” inducer simultaneously is
additive rather than synergistic. Ax receptor concentrations can be doubled by PB treatment without
doubling the subsequent AHH-induction response to “MC-type” compounds. Thus, the cytosolic AA
receptor concentration per se may not be the primary determinant of a given tissue’s maximal capacity
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for AHH induction by “MC-type” compounds.

The Ah receptor is a major regulatory gene product
of the Ak gene complex which regulates induction
of aryl hydrocarbon hydroxylase (AHH%; cyto-
chrome P;-450) and several associated drug-metab-
olizing enzyme activities in liver and in non-hepatic
tissues [1, 2]. Many polycyclic aromatic compounds
(3-methylcholanthrene, benzo[a]pyrene, chlorinated
dibenzo-p-dioxins, polychlorinated biphenyls, etc.)
bind to the cytoplasmic Ah receptor as the first step
in P;-450 induction [1], after which the
inducer-receptor complex translocates from the
cytoplasm into the nucleus via a temperature-depen-
dent process [3].

Although the receptor regulates P;-450 induction,
little is known about factors which control levels of
the receptor itself. Since PB stimulates a broad spec-
trum of responses in liver, the effect of PB injection
on Ah receptor levels was examined.

Animals used in the study were C57BL/6] mice,
DBA/2J mice, and Sprague-Dawley rats. C57BL/6
mice are classified as genetically “responsive” at the
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Fifth International Symposium on Microsomes and Drug
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+ Supported by a grant from the Medical Research Coun-
cil of Canada. Author to whom all correspondence should
be addressed.

i Abbreviations: AHH, aryl hydrocarbon hydroxylase;
HEPES, 4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic
acid; MC, 3-methylcholanthrene; PB. phenobarbital; and
TCDD, 2.3.7 8-tetrachlorodibenzo-p-dioxin.
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Ah locus. That is, they exhibit AHH induction when
treated with MC. DBA/2 mice have been classified
as “nonresponsive” at the A# locus since they do not
exhibit significant AHH induction when treated with
MC. DBA/2 mice do exhibit AHH induction when
treated with TCDD, but DBA/2 mice require a
TCDD dose approximately 15-fold higher than that
required in CS7BL/6 mice to achieve the same level
of AHH induction [4]. The nonresponsiveness to
MC and the reduced sensitivity to TCDD in DBA/
2 mice appear to be be due to a defect in the Ah
receptor. Ah receptor in DBA/2 mice does not bind
[PH]TCDD with sufficient affinity to allow detection
of receptor in cytosols assayed in vitro. The Ah
receptor is not totally absent in DBA/2 mice,
however, as evidenced by recovery of a
[*H]TCDD ‘receptor complex from hepatic nuclei of
DBA/2 mice injected in vivo with a large dose of
[PH]TCDD [5, 6]. Thus, the terms “responsive” and
“nonresponsive” refer to relative sensitivity to AHH
induction rather than absolute presence or absence
of a response [4].

MATERIALS AND METHODS

Chemicals. [PH]JTCDD (ring-labeled, 50 Ci/
mmole, 80% chemical purity) and nonradioactive
TCDD were purchased from KOR Isotopes (Cam-
bridge, MA); [*HIMC (generally-labeled, 37 Ci/
mmole, 95% chemical purity) was from the Amer-
sham Corp. (Oakville, Ontario); nonradioactive MC
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from Eastman Organic Chemicals (Rochester, NY);
and HEPES from the Calbiochem-Behring Corp.
(LaJolla, CA). Dextran and dithiothreitol were from
the Sigma Chemical Co. (St. Louis, MO); sucrose
{(SDG grade) was from Beckman Instruments
(Toronto, Ontario); and dimethyl sulfoxide, gly-
cerol, charcoal {Norit A} and ethylenediamine-
tetraacetic acid were from the Fisher Scientific Co.
(Toronto, Ontario). Phenobarbital was supplied
through the courtesy of Mr. R. A. Graham, Health
Protection Branch, Health and Welfare Canada.
Animals. Male Sprague-Dawley rats were pur-
chased from Camm Research Lab. Animals (Wayne,
NI); cytosol was prepared from animals weighing
between 200 and 250 g. Male C57BL/6] and DBA/
2] mice were purchased from The Jackson Labora-
tory (Bar Harbor, ME); cytosol was prepared from
these animals when they were between the ages of
3 and 6 months. Genetically “responsive” hetero-
zygous Ah’/Ak® mice and homozygous “nonrespon-
sive” Ah%/Ah® mice were produced in our laboratory
by backcrossing F; offspring from the C57BL/
6] x DBA/2] cross with “nonresponsive” DBA/2J
mice. Offspring from the backcross were phenotyped
for responsiveness at the Ak locus by measurement
of their zoxazolamine paralysis time [7]. All animals
were housed in wire cages. exposed to 12 hr light:
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12 hr dark each day, and were permitted free access
to water and food (Purina Laboratory Chow) until
the time of death. PB was injected intraperitoneally
for 3 consecutive days before the animals were killed
on day 4 for removal of the liver. Contro! animals
were injected with 0.9% NaCl. Phenobarbital doses
above 50 mg/kg caused sedation in both mice and
rats, but no overt toxicity was evident in either
species.

Buffer. The standard buffer used for all procedures
was HEDG [25mM HEPES; 1.5mM ethylenedi-
aminetetraacetic acid; 1 mM dithiothreitol; 10%
(v/v) glycerol, pH 7.6].

Preparation of cytosol. Rats and mice were killed
by cervical fracture. The livers were perfused in situ
with iced HEDG buffer via a needle inserted into
the inferior vena cava. The liver then was removed,
rinsed with HEDG buffer, minced, and hom-
ogenized in HEDG buffer (5ml/gliver) using a
Polytron PT-10 (Brinkmann Instruments, Rexdale,
Ontario). The homogenates were centrifuged at
4,000g for 20min, and the resulting supernatant
fraction was centrifuged at 105,000 g for 1 hr. Cytosol
was carefully drawn off with a Pasteur pipette with-
out disturbing the surface lipid layer or the micro-
somal pellet. Protein concentrations were deter-
mined by the method of Bradford [8] using the
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Fig. 1. Sucrose density gradient profiles of radioligand binding in hepatic cytosol from control versus
phenobarbital-injected rats. Hepatic cytosols (5mg protein/ml) were prepared from a control rat
(injected with 0.9% NaCl) and a rat injected with PB (50 mg/kg body weight for 3 consecutive days
before removal of the liver). Cytosols were incubated with 10 nM [FH]TCDD (50 Ci/mmole) or with
10 aM [PH]MC (37 Ci/mmole) in the absence (O—QO) or presence (l—M) of a 100-fold molar excess
of nonradioactive MC. Samples were treated with charcoal-dextran before analysis as described in
Materials and Methods. Specific Ak receptor binding is represented by the peaks sedimenting at “95”
{near fraction 13 in these assays). The concentration of specific binding sites in the “95" peak was
calculated by subtracting binding in the presence of 1 uM MC from binding in the absence of competitor.
In these particular assays. the concentrations of specific binding (fmoles/mg cytosol protein} were:
[PH]TCDD. control = 62. PB-injected = 149; [PH]MC, control = 67, PB-injected = 161.
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BioRad protein assay kit (BioRad Laboratories,
Mississauga, Ontario). All procedures in the prep-
aration and analysis of cytosol samples were per-
formed at 0-4°.

Cytosol incubation. Samples for sucrose density
gradient analysis were prepared by incubating 1 ml
of cytosol (about Smg protein/ml) with 10nM
[FH|TCDD or 10nM PHIMC for 1hr at 0-4° [1].
The radioligands were added to cytosol in 10 gl of
dimethyl sulfoxide/ml of cytosol; dimethyl sulfoxide
also was used as the solvent for nonradioactive
TCDD and MC in competition experiments. Water
was used as a solvent for PB in experiments testing
the in vitro effect of PB on binding of PH]TCDD
and [*H]MC to the Ah receptor. In competition
experiments, an amount of solvent equal to that used
to introduce the competitor was added to the control
(no competitor) sample. After incubation, unbound
and loosely bound radioligands were removed by
adding cytosol samples to a charcoal-dextran pellet
{10 mg charcoal:1 mg dextran, pelleted from HEDG
buffer). Charcoal-dextran was resuspended in the
cytosol on a Vortex mixer, incubated with the sample
for 15 min, and then removed by centrifugation at
4,000 g for 15 min.

Sucrose density gradient analysis. Aliquots (300 ul)
of cytosol samples were layered onto linear sucrose
gradients prepared in HEDG buffer. Gradients were
centrifuged either for 16hr at 48,000rpm in a
swinging-bucket rotor (Beckman SW 60Ti, g., =
235,000) or for 2 hr in a vertical-tube rotor (Beckman
VTiés, g.w = 372,000). The concentration of Ah
receptor sites detected with the 2-hr separation is
equal to that detected with a 16-hr separation [9].
After centrifugation, twenty 200-u fractions were
collected from each SW 60Ti gradient, or twenty-
five 200-ul fractions were collected from each VTi63
gradient using an ISCO mode! 640 gradient frac-
tionator (Instrumentation Specialties Co., Lincoln,
NE). Radioactivity in each fraction was determined
by liquid scintillation counting and corrected for
counting efficiency.

RESULTS

Effect of phenobarbital injection on Ah receptor
concentrations in Sprague—Dawley rat liver. Sucrose
density gradient profiles in Fig. 1 illustrate the sub-
stantial increase in Ah receptor content which fol-
lowed PB injection in the rat. Binding of both
PH]TCDD and PHMC in the 9S region of the
gradient was increased by pretreatment of the rat
with PB.

The specificity and limited capacity of the 95 com-
ponent were confirmed by competition studies. As
has been demonstrated previously [10], a 100-fold
molar excess of nonradioactive MC in the incubation
system eliminated binding of both [*H]TCDD and
[PHJMC in the 9S region when assays were done on
cytosols from control rats (Fig. 1, left-hand panels).
The same concentration of MC also eliminated bind-
ing of both radioligands in the 98 region in assays
on cytosols from PB-treated rats (Fig. 1, right-hand
panels).

Specificity of the 9S component in cytosol from
PB-treated rats is further illustrated in Fig. 2. A
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Fig. 2. Specificity of {*H]MC binding in hepatic cytosol
from a phenobarbital-treated rat. Hepatic cytosol (4.8 mg
protein/mi) from a PB-injected rat (50 mg/kg x 3 days) was
incubated in vitro with 10 nM [PH]MC in the absence of
potential competitors ((0—{J) or in the presence of a
100-fold molar excess of nonradioactive TCDD (@—@) or
a 1000-fold molar excess of PB (A—A). After treatment
with charcoal-dextran, samples were analyzed by velocity
sedimentation on sucrose density gradients as described in
Materials and Methods.

100-fold molar excess of nonradioactive TCDD elim-
inated binding of PH]MC in the 9S region, whereas
a 1000-fold excess of PB in the in vitro incubation
had no effect on binding of PH]MC (Fig. 2) nor
[FH]TCDD (data not shown). In cytosol from PB-
treated rats, binding of PH]MC in the 98 region also
was eliminated by 100-fold molar excesses of
benz[a]anthracene and dibenz{a,hlanthracene (gra-
dient profiles not shown). Overall, the 9S component
from PB-treated rats exhibited the same specificity
as the 9S component (Ah receptor) from control
rats.

The concentration of Ah receptor in rat hepatic
cytosols increased sharply at PB doses between 15
and 50 mg/kg (Fig. 3). Ah receptor content was
doubled at a dose of 50 mg/kg, but no further increase
in receptor concentration was achieved by doses
higher than 50 mg/kg.

The concentration of Ah receptor is conventionally
expressed as fmoles/mg cytosol protein as illustrated
in Fig. 3. The dose-response curves were similar
whether receptor was expressed as fmoles/g wet
weight of liver or as fmoles/mg cytosol protein. The
correlation between fmoles/mg cytosol protein and
fmoles/g liver for [*H]TCDD binding was: r = 0.84
(N =21,P <0.001). The elevation in Ak receptor
content at different PB doses was moderately cor-
related with the extent of induction of microsomal
protein in livers from the same animals (r = 0.44,
N =21, P <0.05).

Effect of phenobarbital injection on [PH|TCDD
and PHIMC binding in genetically “responsive” ver-
sus genetically “‘nonresponsive” mice. In genetically
“responsive” C57BL/6J mice not treated with PB,
specific Ax receptor binding was detectable in the
9S region either with PHJTCDD (Fig. 4). or with
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Fig. 3. Dose-dependent increase in hepatic A/ receptor in phenobarbital-treated rats. PB was injected
I.P. once per day for 3 consecutive days at doses indicated in the figure. Livers were removed on day
4, and cytosols were prepared and analyzed for Ak receptor content using both PH]TCDD and PH]MC
as described in Materials and Methods. Each point represents the mean * S.E. for a group of three
rats. Standard errors with [PHJMC as the radioligand are not plotted, but were similar to those for
[PH]TCDD. When measured with either [*H]TCDD or [PH]MC, Ah receptor concentrations in rats
receiving 25, 50, 75, or 100 mg/kg were significantly greater than control values (P < 0.05, by r-test).

C57BL/6J MICE DBA/2J MICE
a
4 . /o\ 0—0 10 nM C3H3 TCDD
./ D\ #—¥ +1 M NONLABELED MC

P
)/
“Uﬁﬁs\

i

A

-
| =4
©
E
<
£
., |
g %
g Q-I.
g 1- '\.\g CONTROL SLLT'™
5 *]
: Sia LLLLL
w T T T ™ P"‘*‘r\\o T T T
o O,
g 4 '.h‘ % . j -
2 /:,0 . °©
> g /'/ \o\ -
O
a o " PHENOBARBITAL-INJECTED
N 4
o éO y o
8 2 X / . \%
-
rI'| g...\ & !Hﬁi
© 14 .\ D ~ 8
U “ig Sun
4 GLLTT
1 T T EH T i H T 1
TOP 5 10 16 20 TOP B 10 1 20 25

FRACTION NUMBER

Fig. 4. Binding of [PH]TCDD in genetically “responsive” C57BL/6] mice and in genetically “nonres-
ponsive” DBA/2J mice. Hepatic cytosols (5 mg protein/ml) were prepared from control mice and from
mice injected with PB (25 mg/kg for 3 consecutive days before removal of the livers) and then were
incubated with 10 nM [PH]TCDD in the absence (O—O) or presence (M) of a 100-fold molar excess
of nonradioactive MC. Samples were treated with charcoal-dextran before separation on sucrose density
gradients as described in Materials and Methods. In this assay, the concentration of specific Ah receptor
(fmoles/mg cytosol protein) was 32 in the control C57BL/6} mouse and 43 in the PB-treated C57BL/6J
mouse. Gradient profiles with 1 yuM nonradioactive TCDD as the competitor were the same as with
1 uM nonradioactive MC (profiles not illustrated for TCDD as the competitor).
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Fig. 5. Binding of PH]MC in genetically “responsive” C57BL/6J mice and in genetically “nonresponsive”

DBA/2] mice. Hepatic cytosol samples from the same mice described in the legend to Fig. 4 were

analyzed using [*H]MC as the radioligand. The concentration of specific Ak receptor (fmoles/mg protein)

detected in these samples with PH]MC as the radioligand was 36 in the control C57BL/6] mouse and

47 in the PB-treated mouse. Nonradioactive TCDD (1 uM) completely extinguished binding of [PHIMC

in the “9S” region (near fraction 13), but had no effect on [P’H]MC binding in the 4-5S region (near
fraction 5) (data not illustrated).
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Fig. 6. Dose-related effects of phenobarbital on hepatic Ah receptor in C57BL/6J mice. PB was injected
i.p. once per day for 3 consecutive days at doses indicated in the figure. Livers were removed on day
4 and cytosols were prepared and analyzed for Ak receptor content using both [PH]TCDD and [*H]MC
as described in Materials and Methods. Each point represents the mean * S.E. for a group of three
mice. By f-test, none of the PB-treated groups had Ah receptor concentrations significantly different
from the control group. However, the Ah receptor concentration with [PH]MC as the radioligand was
significantly greater (P < 0.05) in mice treated with 5, 15 or 25 mg/kg PB than in mice treated with
100 mg/kg.
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Table 1. Effect of 25 mg phenobarbital/kg body weight on
Ah receptor levels in hepatic cytosols from C57BL/6J mice*

Ah receptor content (fmoles/mg protein)

Radioligand PB-treated
used in assay Control (25 mg/kg x 3 days)
[*H]TCDD 29.6+1.9 39.7 £ 2.7¢
[FHMC 36.7+1.6 492 + 1.8t

* Mice were injected with 25 mg phenobarbital/kg body
weight. Values are mean = S.E., N = 7 for all groups.

+ Significantly different from control (P < 0.01 by Stu-
dent’s r-test).

[FHJMC (Fig. 5) as the radioligand. No specific
cytosolic receptor was detectable in untreated “non-
responsive” DBA/2] mice using either radioligand
(Figs. 4 and 5).

C57BL/6J mice treated with PB doses between 5
and 25 mg/kg had a slight increase in hepatic Ak
receptor concentration as measured with either
[PH]TCDD or PHJMC (Fig. 6). With the small num-
ber of animals able to be tested at each dose, how-
ever, none of the increases was statistically sig-
nificant. Therefore, a larger group of C57BL/6J mice
was tested at the 25 mg/kg dose only. As shown in
Table 1, the Ah receptor concentration in hepatic
cytosol from C57BL/6J mice treated with 25 mg/kg
PB was significantly elevated over the control level
when assayed with either ["H]TCDD or [PHIMC.

At doses of 75 and 100 mg/kg, Ah receptor con-

A. B, OKEy and L. M. VELLA

Table 2. Dissociation constants for [*H]TCDD binding in
hepatic cytosols from control versus phenobarbital-treated

rats*
Kd (l’lM)
Control 2.21+0.36
Phenobarbital-treated
(50 mg/kg x 3 days) 228 £0.14

* Specific A% receptor binding of PH]TCDD was deter-
mined by sucrose density gradient assays at each of twelve
different [’HJTCDD concentrations over a range from
0.05 to 20 nM. Dissociation constants were derived from
Scatchard plot analyses as described in the legend to Fig.
7. Values are expressed as mean = S.E.M. (N =4).

centrations in C57BL/6J hepatic cytosols were lower
than control values, but the differences were not
statistically significant (P > 0.05).

In genetically “nonresponsive” DBA/2J mice, PB
treatment did not lead to formation of any detectable
cytosolic Ah receptor (Figs. 4 and 5). The possibility
that PB treatment might stimulate production of Ak
receptor in genetically “nonresponsive” animals also
was tested in AAYAK® “nonresponsive” backcross
mice. As was the case with DBA/2J mice, treatment
of “nonresponsive” AhYAh® backcross mice with PB
did not result in formation of any detectable cytosolic
Ah receptor (data not shown).

In genetically “responsive” heterozygous Ah%Ah¢
backcross mice, PB treatment produced a slight, but
statistically nonsignificant, increase in Ak receptor
content: 17.9 = 3.6 fmoles/mg in control AKY/Ak
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Fig. 7. Representative Scatchard plots comparing binding of [PH]TCDD in hepatic cytosol from control

versus phenobarbital-treated rats. Aliquots of hepatic cytosol from a control rat and from a

phenobarbital-treated rat (50 mg/kg x 3 days) were incubated with twelve different concentrations of

[*HJTCDD over a range from 0.05 to 20 nM. Specific binding at each concentration was determined

by sucrose density gradient analysis. “Unbound” [PH]TCDD was computed by subtracting

“specifically-bound™ PHJTCDD from the total PHJTCDD present in the incubation. Binding parameters
shown in the graphs were calculated by least squares linear regression.
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mice compared with 23.3 = 2.9 fmoles/mg in AhY/
Ah® mice treated with 25 mg/kg PB (N = 4 for each
group; P > 0.05).

Affinity of PHITCDD binding after phenobarbital
treatment. The affinity with which ["H]TCDD bound
to Ah receptor in rat hepatic cytosol was unaltered
by PB treatment (Table 2). Scatchard plots shown
in Fig. 7 illustrate that the effect of PB treatment
was to increase the concentration of Ah receptor
sites without any alteration in the affinity with which
the elevated receptor population bound [*’H]TCDD.

DISCUSSION

Binding of both [PH|JTCDD and [PH]MC was
elevated significantly in hepatic cytosol from genet-
ically “responsive” C57BL/6] mice injected with
25mg/kg PB. The elevation in binding was even
more pronounced in hepatic cytosol from rats
injected with 50~100 mg/kg.

Properties of the PB-induced binding component
are consistent with properties previously described
for the Ah receptor [1, 3, 10-13]. It sediments near
9S on gradients of low ionic strength when labeled
with either [PTH]TCDD or [PH]MC, and the binding
of each radioligand is preferentially inhibited by
TCDD, MC, dibenz[a,h]anthracene and benz[a]-
anthracene, compounds that are potent inducers
of cytochrome P;-450. Presence of the PB-
induced 9S binding component also segregated with
the Ah genetic locus. No specific 9S binding of either
[PH]TCDD or PH]MC could be detected in cytosol
from untreated genetically “nonresponsive” DBA/
2J or “nonresponsive” AhY/Ah® backcross mice, nor
did any 9S component appear in “nonresponsive”
mice after PB injection.

In vitro addition of PB to cytosol while it was
being incubated with [PH]TCDD or [*H]MC did not
alter binding of the radioligands to the 9S compo-
nent. Thus, the elevation in binding of [PH]TCDD
and [PHIMC to cytosols from PB-treated animals
appears to be due to increased levels of Ak receptor
in the cytosols and is not caused by PB potentiating
the in vitro interaction between the receptor and the
radioligands. It also is possible, but less likely, that
PB increases available Ah receptor sites by decreas-
ing some endogenous component that was restricting
binding of the radioligands.

Scatchard plots of [PH]TCDD binding in hepatic
cytosols from PB-treated rats were linear and the
slopes were the same as Scatchard plots derived from
analyses on cytosol from control rats. This indicates
that, although the total Ah receptor concentration
was increased by PB treatment, the elevated portion
(induced by PB) had the same affinity as the con-
stitutive Ah receptor which was present before PB
treatment.

These experiments demonstrate that PB can
increase the concentration of Ah receptor sites in
hepatic cytosols from “responsive” rodents. “MC-
type” enzyme inducers do not appear to stimulate
elevation of Ah receptor levels. Injection of
naphthofiavone causes a depletion of hepatic cyto-
solic Ah receptor sites in CS7BL/6N mice [1], and
incubation of hepatoma cells in culture with
benz[a)anthracene does not increase either cytosolic
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or nuclear Ah receptor concentrations [3]. These
assays measured only unoccupied Ah receptor sites,
however. If the “MC-type” compounds administered
not only elevated Ak receptor levels, but also occu-
pied those sites, the sites would not have been
detected with the techniques used in the previous
studies. An exchange assay which potentially can
measure both occupied and unoccupied Ak receptor
sites has been reported [12] but has not yet been
applied to determine whether “MC-type” com-
pounds induce their own receptor.

Although PB treatment elevated Ah receptor lev-
els in hepatic cytosol from “responsive” rodents, PB
does not synergize with “MC-type” compounds to
cause superinduction of enzyme activities associated
with cytochrome P;-450. Many studies have shown
that simultaneous treatment with a “PB-like” inducer
and an “MC-type” inducer may, at best, produce
AHH activities that are additive, but not synergistic
[14-19].

Fewer studies have tested the effect of pretreatment
with PB on the subsequent response to MC. Poly-
akova et al. [20] found that pretreatment of genet-
ically “nonresponsive” DBA/2 mice with PB did not
convert them into a condition where they were
“responsive” to later induction of AHH by MC.
Harada and Omura [21], by immunologic tech-
niques, demonstrated that PB and MC induce their
own specific forms of cytochrome P-450 by indepen-
dent mechanisms. In their experiments injection of
MC into rats previously treated for 5 days with PB
led to a rapid increase in the form of cytochrome
P-450 induced by MC, but the level of P-450yc
achieved was no greater in rats pretreated with PB
than in rats given MC alone.

As shown in this report, the Ah receptor level in
rat hepatic cytosol can be doubled by PB treatment,
but this does not lead to a doubling of the response
to subsequent treatment with “MC-type” enzyme
inducers. In inbred mice and their F, progeny, the
maximal level of induced AHH correlates with the
concentration of cytosolic Ak receptor up to a con-
centration of about 1000 receptor sites per liver cell.
Above 1000 receptor sites per cell, however, the
increase in maximal AHH is less than the increase
in receptor concentration [4].

Binding to the Ak receptor is essential for induc-
tion of cytochrome P;-450 and associated enzymes
regulated by the Ak gene complex [1, 2]. However,
presence of cytosolic Ah receptor in a tissue or cell
does not guarantee that that tissue or cell will exhibit
enzyme induction when exposed to “MC-type”
chemicals {3, 22-24]. Nor does the level of cytosolic
Ah receptor seem to be the sole or primary deter-
minant of a tissue’s maximal capacity for induced
AHH activity. Several pharmacologic response sys-
tems are known in which there are “spare receptors”
[25]. The concept of “spare receptors” may apply
also to cytosolic Ak receptor. Maximal response
capacity for processes regulated via the Ah receptor
may depend less on cytosolic receptor concentrations
than on subsequent action of the inducer-receptor
complex at the nuclear level [6].

Elevation of Ah receptor content is just one of
many pleiotypic effects which PB has on rodent liver.
Thus far, PB treatment is the only known procedure
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which Ah receptor concentrations can be

increased over the constitutive basal level.
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