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SUMMARY

GUENTHNER, THOMAS M., NEBERT, DANIEL W., AND MENARD, RAYMOND H. (1979)
Microsomal aryl hydrocarbon hydroxylase in rat adrenal: regulation by ACTH but
not by polycyclic hydrocarbons. Mol. Pharmacol. 15, 719-728.

Whereas total P-450 content is more than four times greater in the rat adrenal cortex
mitochondria than in microsomes, aryl hydrocarbon (benzo[a]pyrene) hydroxylase (EC
1.14.14.2) activity is more than 60 times higher in adrenal cortex microsomes than in
mitochondria. The rat adrenal microsomal hydroxylase activity is strongly inhibited by
a-naphthoflavone in vitro; progesterone 21-hydroxylase is not. In rats hypophysectomized
for 30 days, aryl hydrocarbon hydroxylase decreases to about 6% of control values, but
progesterone 21-hydroxylase falls to about 38% of that in sham-operated control animals.
Hypophysectomy causes a striking decrease in an electrophoretic band estimated to be
about 57,000 daltons. Aryl hydrocarbon hydroxylase specific activity and this electropho-
retic band are restored to normal levels in adrenal microsomes of hypophysectomized
rats that have received exogenous ACTH treatment. Aryl hydrocarbon hydroxylase in
adrenal microsomes is not induced, however, in the hypophysectomized or intact rat by
3-methylcholanthrene or high doses of 2,3,7,8-tetrachlorodibenzo-p-dioxin. These data
show that aryl hydrocarbon hydroxylase and progesterone 21-hydroxylase may be asso-
ciated with different forms of adrenal microsomal P-450. It is of interest that aryl
hydrocarbon hydroxylase in the adrenal of the untreated rat is similar (in sensitivity to
a-naphthoflavone and in the presumed association with the 57,000-dalton apoprotein
subunit on electrophoresis) to polycyclic aromatic compound-induced aryl hydrocarbon
hydroxylase and its associated cytochrome P;-450 in rat liver. The regulation of the
adrenal hydroxylase by the large polypeptide hormone ACTH and the lack of inducibility
by polycyclic aromatic compounds, however, are characteristics distinctly different from
those of the P,-450-associated hepatic enzyme.

INTRODUCTION studied in a large number of organs and
Cytochrome P-450-dependent monooxy- tissues. Hepatic monooxygenases have at-
genase activities have been discovered and tracted the most attention, since the liver
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contains the greatest quantity of these en-
zymes and is considered the dominant site
of metabolism of drugs and other xenobiot-
ics. “Extrahepatic” sites of monooxygenase
activity have also become of interest. To
date, monooxygenase activities have been
reported in kidney, lung, skin, lymph nodes,
intestine, adrenal, spleen, ovary, testis,
mammary gland, bone marrow, brain, and
eye (1-12). Although the levels of monoox-
ygenase activity are low in these other or-
gans when compared with liver, their pres-
ence may be of significant pharmacological
consequence because of their capacity to:
(i) metabolize immediately a compound as
it enters the body and before it enters the
circulation or reaches the liver; (ii) produce
metabolites qualitatively different from
those formed by the liver; and (iii) form
beneficial or noxious metabolites directly at
a subcellular site where those metabolites
may express locally some specific pharma-
codynamic or toxic activity.

A property of the monooxygenases that
is of great biological significance is their
susceptibility to induction by scores of
drugs and environmental compounds. The
response of hepatic microsomal monooxy-
genases to inducers has been studied in
great detail. Different unique forms of cy-
tochrome P-450, the terminal oxidase, are
induced by different classes of chemical
compounds. One such form' of the cyto-
chrome, P,-450, is induced by polycyclic
aromatic compounds and metabolizes these
inducers, as well as numerous other carcin-
ogens and mutagens (12). The induction of
cytochrome P;-450 has also been studied in
a number of extrahepatic tissues. P,-450 is

'Two or more polycyclic hydrocarbon-inducible
forms of microsomal P-450 have been separated elec-
trophoretically (13) and developmentally (14, 15) in
the mouse, rat, and rabbit liver and in rabbit lung and
kidney. The form having the higher molecular
weight—about 56,000 or 57,000 daltons—is arbitrarily
defined in this report as “cytochrome P,-450” and has
been shown (13-15) in all of the above-mentioned
tissues to rise and fall concomitantly with rises and
falls in polycyclic hydrocarbon-induced aryl hydrocar-
bon hydroxylase activity. Whether “P,-450" is exactly
the same among these species and among liver and
various nonhepatic tissues remains to be determined.
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readily induced by polycyclic hydrocarbons
in “portal-of-entry” tissues such as skin,
lung, bowel, eye, and placenta (12, 16), but
the response of this hemoprotein in other
organs, specifically in endocrine tissue, is
less well defined. Cytochrome P,-450-cata-
lyzed oxidation, measured as AHH? activ-
ity, is low in testicular (17) and ovarian (17,
18) tissue but is increased by polycyclic
hydrocarbons.

The adrenal cortex is rich in cytochrome
P-450 monooxygenase activity. In the hu-
man fetus, in fact, adrenal AHH is much
greater than liver AHH specific activity
(19). Adrenal mitochondrial monooxygen-
ases catalyze the conversion of cholesterol
to pregnenolone and steroid 1183- and 188-
hydroxylations (20). Adrenal microsomal
monooxygenases predominantly catalyze,
depending on species, the hydroxylation of
progesterone in the 17a- or the 21-position
(10). Oxidation of BP by whole homoge-
nates of adrenal cortex, measured either by
histofluorescence techniques (1) or by mea-
surement of fluorescent metabolites gener-
ated in vitro (21, 22), has been reported.
Induction of this activity by prior adminis-
tration of polycyclic hydrocarbons is not,
however, seen (21). The purpose of this
report is to characterize further the rat
adrenal AHH activity.

MATERIALS AND METHODS

Animals. Male Sprague-Dawley rats ap-
proximately 8 weeks of age were used. Hy-
pophysectomized and sham-operated rats
were obtained from Hormone Assay, Inc.
(Chicago, IL). The hypophysectomized rats
were treated with ACTH or polycyclic hy-
drocarbon two to three weeks after opera-
tion.

Chemicals. ["*C]progesterone (45 mCi/
mmole) was purchased from New England
Nuclear Corp. (Boston, MA); corticotropin
(Acthar gel) from Armor Pharmaceutical
Co. (Phoenix, AZ); NADPH, NADH, and
BP from Sigma Chemical Co. (St. Louis,

2 The abbreviations used are: AHH, aryl hydrocar-
bon (benzo[a]pyrene) hydroxylase (EC 1.14.14.2); BP,
benzo[a]pyrene; MC, 3-methylcholanthrene; ANF, a-
naphthoflavone; TCDD, 2,3,7,8-tetrachlorodibenzo-p-
dioxin.
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MO); MC from Eastman Kodak Co. (Roch-
ester, N.Y.); ANF from Aldrich Chemical
Co. (Milwaukee, WI); and TCDD was a gift
of the Dow Chemical Co. (Midland, MI).
All reagents for electrophoresis were pur-
chased from BioRad Laboratories (Rich-
mond, CA).

Treatment of animals and preparation
of tissue fractions. Eight units of ACTH in
a gelatin suspension were administered sub-
cutaneously twice daily for 14 days. Ani-
mals were killed 12 hours after the final
dose. MC in corn oil was administered as a
single intraperitoneal dose of 200 mg/kg 40
hours prior to killing. Controls always re-
ceived the vehicle alone within the same
time-frame. TCDD in p-dioxane was ad-
ministered as a single intraperitoneal dose
of 40 ug/kg; control animals received p-
dioxane alone (40 ul/kg). Animals were
killed 2, 4, or 10 days after treatment.

The rats were decapitated and exsan-
guinated, and their adrenals or livers were
removed and combined. Adrenals from 15
rats were pooled for each group, except in
the case of hypophysectomized animals; in
these groups adrenals from 40 rats were
combined. The adrenals were trimmed of
fat and in some cases dissected into glo-
merulosa and fasciculata-reticularis zones
by the method cited (23). The adrenal
glands were homogenized in 0.25 M sucrose
with the use of a glass-Teflon homogenizer.

For mitochondrial fractions, the homog-
enates were centrifuged for 10 min at 750
X g. The supernatant fraction was collected
and spun at 8700 X g for 10 min. The
“mitochondrial” pellet was collected and
resuspended either in 0.25 M sucrose or in
Tris (0.02 M, pH 7.4)-KCl (0.15 m)-EDTA
(0.001 m).

For microsomal fractions, tissue homog-
enates were centrifuged at 15,000 X g for 10
min, and the pellets were discarded. The
supernatant fractions were centrifuged for
60 min at 105,000 X g, and the resulting
“microsomes” were washed once by resus-
pending in Tris-KCI-EDTA and recentri-
fuging for 60 min at 105,000 X g. The
washed pellets were resuspended in Tris-
KCI-EDTA at an approximate protein con-
centration of 5 mg/ml and frozen at —80°.
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No deterioration of enzyme activity or cy-
tochrome P-450 levels was observed during
the experimental period.

Enzyme measurements. Cytochrome P-
450 concentrations were measured by the
method of Omura and Sato with use of an
Aminco DW-2 spectrophotometer; an ex-
tinction coefficient of 91 cm/mMm was used
(24). The AHH activity was determined as
previously described (25). One unit of activ-
ity is defined as that amount of enzyme
catalyzing per min at 37° the formation of
hydroxylated product causing fluorescence
equivalent to that of 1 pmol of the 3-hy-
droxybenzo[a]pyrene recrystallized stan-
dard. Progesterone 21-hydroxylase activity
was measured as previously described (26),
one unit being defined as that amount of
enzyme catalyzing per min at 37° the for-
mation of 1 nmol of 21-hydroxyprogester-
one. Specific activity denotes units per mg
of microsomal protein. For the in vitro in-
hibitor studies, 10 ul of acetone containing
the appropriate concentration of ANF, or
10 ul of acetone alone, was added to the
reaction mixtures just prior to incubation.
Protein concentration was determined as
described (27).

Electrophoresis.  SDS-polyacrylamide
gel electrophoresis of microsomal proteins
was carried out using a Bio-Rad slab gel
apparatus as described in detail (13, 26).
Stained slab gels were photographed, and
individual tracks were cut out for densi-
tometric analysis. The absorbance of
stained protein bands was measured with
use of a Gilford spectrophotometer and gel-
scanner. The peaks were integrated with
use of a Dietzgen manual planimeter. These
data are all reported in the same arbitrary
units.

RESULTS

Subcellular fractionation of adrenal
AHH activity. Although the mitochondria
possess approximately 80% of the total ad-
renal cytochrome P-450 content (Table 1),
AHH activity exists predominantly in the
microsomal fraction. The ratio of specific
AHH activity to P-450 content was 1 unit
per nmol in the mitochondria and 299 units
per nmol in the microsomes. Approximately
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TaBLE 1
Localization of AHH activity in rat adrenal cortex

Tissue Fraction

AHH activity

Total P-450 AHH activity

(units/mg pro-
tein)

Microsomal:

Whole cortex 257

Zona glomerulosa 60

Zona fasciculata-reticularis 194
Mitochondrial:

Whole cortex 39

concentra- P-450
tion
(units/adre- (nmol/mg pro- (units/nmol)
nal) tein)
66 0.86 299
12 0.55 109
50 0.96 202
39 1.0

80% of the total adrenal microsomal AHH
activity was present in the fasciculata-retic-
ularis zone and 20% in the zona glomeru-
losa.

Electrophoresis of adrenal P-450 sub-
units. An electrophoretic band of 57,000
molecular weight (Fig. 1) was present in
both MC-treated rat liver and untreated rat
adrenal microsomes. The increase and de-
crease in this band from rat liver micro-
somes is associated with the rise and fall,
respectively, of MC-induced AHH activity
and is therefore believed to be the subunit
of cytochrome P;-450 (13).

Preferential inhibition in vitro by ANF.
ANF inhibits preferentially MC-induced
AHH activity and often causes no inhibi-
tion or even enhancement of control AHH
activity (28, reviewed in ref. 12). ANF was
added to adrenal microsomes in vitro, and
monooxygenase activities were measured
(Fig. 2). In the presence of 500 um ANF,
adrenal AHH activity was inhibited about
60%, whereas progesterone 21-hydroxylase
activity was only blocked about 12%. This
amount of inhibition of adrenal AHH activ-
ity is at least 10 times less than the degree
of inhibition of the liver enzyme; 50 um
ANF blocks about 67% of MC-induced he-
patic AHH activity (28),

Effect of ACTH on adrenal AHH. When
endogenous ACTH levels are lowered by
hypophysectomy, it has long been known
(29) that adrenal steroid hydroxylase activ-
ities are diminished. As can be seen in Table
2, 16 days after hypophysectomy both the
total P-450 content and AHH levels de-
creased to about 20% of the levels seen in
sham-operated controls. Thirty days fol-

MW  Rat

Rat
Stds. Adrenal Liver

F1G6. 1. Electrophoretograms of untreated rat ad-
renal and MC-treated rat liver microsomes

Fifty ug of microsomal protein were applied to each
track, electrophoresed and stained as described pre-
viously (13, 26). In this figure and in subsequent fig-
ures, electrophoretic migration is from top to bottom;
Track 1 contains molecular weight standards (MW
Stds.) of 40,000-, 53,000-, 58,000-, and 69,000-dalton
proteins. The apoprotein band having an estimated
molecular weight of 57,000 is indicated by the dashed
lines and arrows.

lowing hypophysectomy, total P-450 con-
tent was 24%, specific AHH activity was
6%, and specific progesterone 21-hydroxyl-
ase activity was 38% of sham-operated con-
trols. The electrophoretograms shown in
Figure 3 correspond to these measure-
ments. Tracks 2 and 3 represent adrenal
microsomes from normal and sham-oper-
ated rats, respectively. Track 4 represents
rats hypophysectomized for 30 days. Note
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that the 57,000-dalton band has disap-
peared. Another electrophoretic band of
slightly less molecular weight also de-
creased with hypophysectomy and has been
recently suggested (26) to represent the
progesterone 21-hydroxylase activity.

Reversal of the effects of hypophysec-
tomy by the administration of exogenous
ACTH resulted in enhancement of AHH
activity and of the 57,000-dalton apoprotein
band. When ACTH had been given daily
for 14 days beginning 16 days after hypo-
physectomy, AHH activity returned to 85%
of the values seen in sham-operated con-
trols (Table 2). The 57,000-dalton band also
returned, as is evident in Track 5 of Figure
3.

The observation that AHH activity is
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F1c. 2. Effect of ANF in vitro on monooxygenase
activities of rat adrenal microsomes

Incubation conditions are described under MATE-
RIALS AND METHODS
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Rat

F1G. 3. Electrophoretograms of adrenal micro-
somal protein from intact, sham-operated, or hypo-
Pphysectomized rats, and hypophysectomized rats
treated with ACTH

Seventy-five ug of microsomal protein was applied
to each well. Samples were treated the same as intact
rats which were not operated upon. Sham rats were
subjected to sham hypophysectomy. Hx rats were
hypophysectomized 30 days before killing. Hx +
ACTH rats were hypophysectomized 30 days before
killing and treated with 8 units of ACTH twice daily
for the last 14 days before killing. The 57,000 molecular
weight apoprotein band is indicated by the dashed
lines and arrows.

diminished by hypophysectomy and re-
stored in the presence of ACTH prompts
speculation as to the inducibility of this

TABLE 2
Effects of hypophysectomy, ACTH, or MC or microsomal monooxygenase activities in rat adrenal
Intact, sham-operated, or hypophysectomized (Hx) rats were kept for 16 or 30 days before killing. Some
hypophysectomized rats were treated with ACTH twice daily for 14 days, or once with MC (see MATERIALS AND

METHODS).
Treatment Total P-450 con- Specific AHH ac- Specific proges- AHH activity/
centration tivity terone 21-hy- P-450
droxylase activ-
ity
(nmol/mg protein) (units/mg protein) (units/mg protein) (units/nmol)

Intact 0.86 257 5.256 299
Sham 0.95 274 7.37 288
Hx (16 days) 0.18 56 304
Hx (30 days) 0.23 17 2.81 74
Hx (30 days); ACTH

(14 days) 0.70 234 7.50 334
Hx (16 days); MC

(2 days) 0.18 52 283
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enzyme in the adrenal by exogenous com-
pounds. MC was therefore administered to
hypophysectomized rats, and no induction
of AHH activity (Table 2) or increase in
the 57,000-dalton apoprotein (Fig. 4) was
seen. The lack of AHH induction in the
adrenal by MC has been known for more
than 10 years (21, 30). TCDD, a highly
potent inducer of AHH activity in many
systems (31), was administered in a high
dose to intact rats 2, 4, or 10 days before
killing (Table 3). Adrenal AHH activity was
not increased in any of these groups.

Densitometric measurement of the
57,000-dalton apoprotein band (Fig. 5)
shows that the density of this band corre-
lates well with AHH activity among the
various experimental groups. After hypo-
physectomy the density of this band fell to
about 3.2% of control and returned to about
86% of control values after 16 days of ACTH
treatment.

DISCUSSION
The fact that an adrenal microsomal

S . ..
- . z 57,000
- -
-~ - N e
MW  Sham  HX HX +MC
Stds.

Fic. 4. Eleetrophoretogram of adrenal micro-
somal protein from sham-operated or hypophysecto-
mized (Hx) rats and hypophysectomized rats treated
with MC (Hx + MC)

One hundred pug of microsomal protein were applied
to each well. Hx rats were hypophysectomized 16 days
before sacrifice. Hx + MC rats were hypophysecto-
mized 16 days before killing and treated once 40 hours
before killing with MC. The 57,000-dalton apoprotein
band is indicated by the dashed lines and arrows.
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TaBLE 3
Effect of TCDD on monooxygenase activities in rat
adrenal microsomes
Each value represents adrenal glands combined
from 15 rats.

Days after Specific  Total P-  Specific
single dose AHH ac- 450 con-  progester-
of TCDD tivity centration one 21-hy-
droxylase
activity
(units/ (nmol/mg (units/mg
mg protein) protein)  protein)
0 (p-dioxane
alone)® 260 0.90 7.52
2 250 0.99 8.03
4 235 1.06 8.77
10 205 1.02 8.05

? Vehicle given intraperitoneally 2 days before as-
say.

DENSITY OF 57,000 DALTON
ELECTROPHORETIC BAND OBTAINED
FROM RAT ADRENAL MICROSOMES

AFTER VARIOUS TREATMENTS

PEAK AREA (arbitrary units)

TREATMENT
Fi1G. 5. Densitometric values (in arbitrary units of
area) of 57,000-dalton electrophoretic band obtained
from rat adrenal microsomes after various treatments
Electrophoretic gels described in Figures 3 and 4
were cut into strips, and the optical density of the
stained protein bands was measured as described un-
der MATERIALS AND METHODS. /, intact rat; S, sham-
operated; Hx, hypophysectomy 30 days before killing;
Hx + ACTH, hypophysectomy 30 days before assay
and ACTH treatment daily for the final 14 days before
assay; Hx + MC, hypophysectomy 16 days and MC
treatment 40 hours before killing.

monooxygenase (or monooxygenases) me-
tabolizes BP is perhaps not in itself partic-
ularly remarkable, because BP has a chem-
ical structure somewhat similar to that of
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certain steroids and the adrenal monooxy-
genases utilize a variety of steroids as sub-
strates. Many of the various forms of P-450
are of course known to have overlapping
substrate specificities (32-34). The evi-
dence presented here suggests, however,
that the adrenal microsomal enzyme re-
sponsible for AHH activity is a distinct
form of cytochrome P-450 different from
the previously characterized adrenal micro-
somal P-450 that is responsible for proges-
terone 21-hydroxylation. Furthermore, this
polycyclic hydrocarbon-metabolizing form
of cytochrome P-450 has at least two char-
acteristics (preferential inhibition by ANF
and similar molecular weight of subunit) in
common with hepatic cytochrome P;-450
and may thus be an adrenal form of this
liver enzyme. It should be emphasized that
all evidence associating adrenal AHH activ-
ity with hepatic P,-450 in this report is
indirect. Cytochrome P;-450—whether in
the liver, in extrahepatic tissues, or in tissue
culture—is preferentially inhibited in vitro
by ANF (12, 28, 35). This inhibitor appears
to be quite specific for polycyclic hydrocar-
bon-induced monooxygenase activities,
since many P-450-dependent (rather than
P,-450-dependent) oxidations are not pref-
erentially blocked by this compound (14,
35, 36). In the adrenal, AHH activity is
readily inhibited by ANF but progesterone
hydroxylase activity is not (Fig. 2). These
data suggest that the adrenal polycyclic
hydrocarbon-metabolizing enzyme is simi-
lar to the hepatic MC-inducible enzyme,
but is distinct from the adrenal enzyme that
hydroxylates progesterone in the 21-posi-
tion.

SDS-polyacrylamide gel electrophoresis
of rat adrenal microsomes shows the pres-
ence of a 57,000-dalton subunit which ap-
pears to be the same size as the 57,000-
dalton apoprotein of hepatic cytochrome
P,-450 (Fig. 3). Although the appearance of
this band is not sufficient evidence to prove
that it is the apoprotein of a cytochrome
P,-450, the susceptibility of this protein to
alteration by various hormonal states
strongly suggests its association with ANF-
sensitive AHH activity. Thirty days after
hypophysectomy, AHH activity falls to 6%
of control values; concomitantly, the
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57,000-dalton band virtually disappears
from the electrophoretogram. It should be
noted that AHH activity is calculated per
milligram of microsomal protein so that
while the entire adrenal atrophies in the
absence of ACTH, AHH activity is more
labile than total adrenal protein and falls to
a much lower level. Furthermore, AHH ac-
tivity is more labile than total microsomal
P-450 levels. In the control animal, the ratio
of AHH to total P-450 is 288; in the 30-day
hypophysectomized animal it is 74. AHH
activity continues to fall, so that the activ-
ity at 30 days is at least three times lower
than that at 16 days after hypophysectomy.
Total P-450 levels at 30 days are not lower
than those 16 days after hypophysectomy
(Table 2). Progesterone 21-hydroxylase ac-
tivity also falls after hypophysectomy, to
38% of control values. AHH activity is di-
minished much more (to 6% of control)
than progesterone hydroxylase activity (to
38% of control); these data indicate further
that these two activities do not reflect the
same enzyme. Perhaps of interest and rel-
evant to the present study, we have also
found (unpublished data) that microsomes
from dog adrenals—which have a much
lower specific AHH activity (7.5 pmol/min/
mg as compared with 260 pmol/min/mg for
rat adrenals)-exhibited very little, if any, of
this 57,000-dalton electrophoretic band.

One might argue that the similarities be-
tween adrenal AHH and hepatic P,-450-
associated AHH (preferential sensitivity to
ANF and the apparent identical molecular
weight of the subunit after electrophoresis)
might be coincidental. Antibodies to he-
patic P,-450 could be useful in testing this
possibility further by attempting to block
adrenal AHH activity.

Administration of ACTH to hypophysec-
tomized animals concomitantly restores
adrenal microsomal AHH activity and
the 57,000-dalton electrophoretic band.
Whereas adrenal AHH appears to be cata-
lytically similar to hepatic MC-induced
AHH, however, the response of adrenal
AHH to polycyclic aromatic inducers is dis-
tinctly different. No increase in adrenal mi-
crosomal P-450 or AHH activity was ob-
served in hypophysectomized MC-treated
rats (Table 2). Moreover, examination of an
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electrophoretogram of adrenal microsomes
from these animals showed no increase in
density of any of the protein bands (Fig. 4).
Though other workers have shown adrenal
AHH from intact animals to be insensitive
to hydrocarbon inducers (1, 21, 30), we
show here that AHH-depleted adrenals
from hypophysectomized rats, which may
relate more directly to the “uninduced”
rather than to the “ACTH-induced” state,
are also insensitive to this form of chemical
induction. Further, TCDD—the most po-
tent known inducer of cytochrome P,-450
(31)—does not induce adrenal microsomal
AHH at any period between 2 and 10 days
after injection. Within 10 days after TCDD
treatment, the animal was visibly wasted
and the beginning of necrosis in the liver
and adrenal was noted.

If one compares the ratio of AHH activity
to total P-450 content in microsomes, un-
treated rat liver and the hypophysecto-
mized rat adrenal have similar ratios (be-
tween 70 and 80). MC-treated rat liver and
the intact rat adrenal (i.e., MC-induced ver-
sus “ACTH-induced”) also have similar ra-
tios—between 220 and 300.

The response of adrenal AHH activity to
induction by ACTH but not by polycyclic
hydrocarbons is the only known example of
an apparent P;-450-type cytochrome which
is inducible by an endogenous hormone but
not by exogenous chemicals. Furthermore,
this is the first example of AHH activity
inducible by a large molecular weight poly-
peptide (37). ACTH had been found (38) to
have no effect on basal or inducible AHH
activity in fetal rat primary hepatocyte cul-
tures. In the liver, AHH levels are thought
to be regulated by small molecular weight
compounds (i.e., 250 to 450 daltons) in a
manner similar to the regulation of various
enzyme levels by steroids (discussed in de-
tail in ref. 12). The inducer is known to
diffuse into the cytoplasm and bind with
high avidity to a receptor protein, thereby
initiating a series of events (pleiotypic re-
sponse) which results in the increased syn-
thesis of specific gene products. Although
the AHH activity induced by ACTH in the
adrenal is evidently quite similar to that
induced by xenobiotics in the liver, the
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chain of events by which the hormone in-
creases the AHH-associated form of P-450
must be quite different. ACTH is believed
to act at the cell surface, initiating a “sec-
ond messenger’-type response, and both
microsomal and mitochondrial monooxy-
genases activities are enhanced (37). Sub-
sequent chemical events may then stabilize
adrenal AHH activity, stimulate de novo
protein synthesis, or block the normal rate
of degradation. P,-450 induction by g-
naphthoflavone and P-450 induction by
phenobarbital in mouse liver are both
known to represent de novo protein synthe-
sis (39).

The fact that very similar “P,-450” cy-
tochromes are induced in different organs
by very different inducers raises intriguing
questions as to the normal physiological
role of this enzyme in the body. Since the
known substrate(s) for AHH are nonphys-
iological, one hypothesis (40) of the origin
of this enzyme has been that exogenous
substrates combine with certain receptor
proteins in a manner similar to the combi-
nation of the normal physiological ligands
(steroids?) with their receptors. This com-
bination then could lead to induction of
monooxygenases normally under steroidal
control. Mutations in the genes coding for
these enzymes might result in slightly al-
tered monooxygenases, which could readily
metabolize the foreign compound, thus giv-
ing the organism the evolutionary advan-
tage of detoxification. However, the pres-
ence of AHH in the adrenal, an organ which
normally does not encounter foreign com-
pounds as do such “portal of entry” organs
as the skin, lung, eye, or intestine, suggests
that this enzyme may have developed in-
dependently of the selective pressures ap-
plied by toxic compounds. The fact that
adrenal AHH is inducible by ACTH sug-
gests that the adrenal enzyme may not have
developed as a response to toxic compounds
but rather is a normal constitutive enzyme
which somehow has become inducible in
certain organs by exogenous compounds.
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