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SUMMARY

The 105,000 ¢ microsomal fraction of male or female rat adrenal contains steroid 17x-hydroxylase
activity, as measured by a tritium exchange assay using 17x-[3H]-pregnenolone as substrate. Adminis-
tration of estrogen caused a pronounced increase in enzyme activity in the adrenals of both sexes,
but the increase was greater in males. Ovine prolactin also caused an increase in hydroxylase in
ovariectomized females. These resuits indicate that hydroxylase activity may play an important role
in altering production of sex steroids by the adrenal.

INTRODUCTION

The adrenal cortex of the rat produces little, if any,
17a-hydroxylated corticosteroids, presumably because
of a lack of steroid 17x-hydroxylase (EC 1.14.95.9)
{1-4]. However, Young and Sweat[5] reported that
the rat adrenal could produce 17a-hydroxyprogester-
one if the 17a-hydroxylase system could be separated
from the inhibition of the 11B-hydroxylase system.
Presumably the latter normally prevented the action
of the 17z-hydroxylase but the interaction of a mito-
chondrial system with a microsomal system was not
clarified.

Several recent in vivo and in vitro studies [3, 6, 7]
have indicated that the rat adrenal produces andro-
gens and some reports [8] suggest that profound in-
creases in serum estrogens can be associated with
adrenal stimulation. Production of these steroids,
which play important roles in reproductive functions,
implies the presence and activity of a 17a-hydroxylase
system, at least under some conditions. The introduc-
tion of a sensitive and specific tritium exchange assay
for 17z-hydroxylase [9] prompted a restudy of this
enzyme in the rat adrenal.

MATERIALS AND METHODS

Holtzman strain rats (200-250 g) were used: They
were housed in plastic cages in air-conditioned
(23 + 1°C) quarters with free access to Purina labora-
tory chow and tap water. Lights were on 14 h/day
from 0600 to 2000 h. Gonadectomy of females was
performed, under ether anesthesia, via the dorsal
approach while in males the testes were removed
trans-scrotally. Hypophysectomy was performed, at
the same time as ovariectomy, using the parapharyn-
geal approach. Some groups received daily subcu-
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taneous injections of diethylstilbestrol (DES) or estra-
diol benzoate (EB) (Sigma Chemical Co, St. Louis,
Mo.) dissolved in sesame-seed oil. When used, ovine
prolactin (NIH-P-12; 351U/mg) and ACTH (Acthar;
Armour Pharm. Co, Phoenix, AR) was dissolved in
normal saline and injected subcutaneously.

Animals were killed by decapitation. The adrenals
were removed, cleaned of adhering tissue, pooled,
weighed on a torsion balance and homogenized in
cold 0.15M KC1 (100 mg wet weight tissue/ml). The
homogenate was centrifuged for 30 min at 9000 ¢ and
then at 105,000 ¢ for 60 min. The microsomal pellet
was resuspended in 0.15 M NaKPO, buffer (pH 7.4)
for assay of 17x-hydroxylase. The protein concen-
tration of the suspension was determined using the
Bio-Rad kit (Bio-Rad laboratories, Richmond, CA).

Hydroxylase activity was determined by the tritium
exchange method of Kremers{9]. Pregnenolone-
172-[*H] (15mCi/mmol) was prepared by Dr, P.
Kremers (University of Liege, Belgium). Unlabelled
pregnenolone (Sigma Chemical Co.) was used to
reduce the specific activity of the label to 2.4 uCy/
umol. All other chemicals used were obtained from
Sigma.

The assay was performed in 20 ml glass scintillation
vials. The medium (final volume = 1 ml) contained
100 nmol pregnenolone {0.25 uCi 17a-[*H]}-pregneno-
lone), 0.5 mg tween 80 to solubilize the steroid, 5 umol
glucose-6-PO,, 11U glucose-6-PO,-dehydrogenase,
1 umol NADP, 4 umol MgCl,, NaKPQ, buffer and
0.1 to 0.4 ml of adrenal microsomal suspension. The
vials were incubated at 37°C in a Dubnoff shaking
water bath. The reaction was stopped by addition of
1mi of ice cold distilled water followed quickly by
a 4 mg pellet of dextran-coated charcoal (IEM Screen-
ing System Inc, North Hollywood CA). The charcoal
was separated by centrifugation at 2000 g for 30 min.
The supernantant was transferred to a 25 x 200 mm
glass tube and the water distilled under reduced pres-
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sure at 40°C. A 1ml aliquot of the distillate was
placed in a scintillation vial, 10 ml Instagel (Packard
Instrument Co., Downers Grove, Ill) added and the
mixture counted in a Packard scintillation spec-
trometer with an efficiency of 649, for tritium. The
enzyme activity was expressed as nmol of pregneno-
lone converted per mg protein per h. In all experi-
ments the homogenates were incubated in triplicate
and in most cases at two dose levels. Statistical ana-
lyses were done using Student’s t-test; P values of
less than 0.05 were considered significant in this
study.

RESULTS

The enzyme activity as a function of the amount
of adrenal microsomes (from female rats) incubated
for 40 min is shown in Fig. 1. The enzyme activity
in the equivalent of 20 or 80mg (wet weight) of
adrenal tissue was used in all subsequent assays. Hy-
droxylase activity as a function of incubation time
is shown in Fig. 2. The response appeared to be essen-
tially linear with time after the first 10 min; in all
subsequent assays a 40min incubation was used.
Variation in the substrate concentration indicated an
apparent K,, of 4.3 uM pregnenolone (Fig. 3).

The weight of the female adrenal (61.7 mg/pr; aver-
age for 10pr) was 47% larger than that of males
(42.0 mg/pr); ovariectomy for one week did not
change adrenal weight. The 17x-hydroxylase activity
of the female adrenal was 519, (P < 0.001) greater
than that of males and loss of ovarian function for
7 days did not change activity (Fig 4). Adrenals from
androgenized, constant estrus, females (weight 57 mg/
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Fig. 1. Steroid 17a-hydroxylase activity as a function of

the amount of rat adrenal homogenate incubated for

40 min (37°C) with 100 nmol pregnenolone. The 105,000 g

fraction of female rat adrenals was suspended in NaKPO,

{pH 7.4) buffer at a concentration of 200 mg/ml! (wet weight

equivalent). S.E.M. does not exceed the area covered by
the points.
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Fig. 2. Hydroxylase activity as a function of incubation
time; same material assayed as in Fig. 1.

pr) was 025+ 004 nmol x mg protein™! x h™*,
which is only 25% of the level found in females with
normal cycles.

Administration of a potent estrogen (2 mg DES) for
4 days, with autopsy on the 5th day, produced a 28%
increase in adrenal weight and a 45% (P < 0.01) in-
crease in 17a-hydroxylase activity (Fig. 4). In males
the DES treatment produced a 46%, increase in
adrenal weight and an increase of 153% in hydroxy-
lase. After DES treatment males had slightly greater
hydroxylase activity than did females (16%; P < 0.05).
The stimulatory effect of DES was also evident in
hypophysectomized females. While undetectable in
untreated hypophysectomized rats, adrenal hydroxy-
lase was measurable in animals given 1 TU ACTH
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Fig. 3. The effect of varying the concentration of pregneno-

lone (S) on the 17a-hydroxylase activity in the microsomal

fraction of the equivalent of 80mg (wet weight) of rat

adrenal; incubation time was 40 min. The apparent K,
is 4.3 x 107 M.
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Fig. 4. 17a-hydroxylase activity in the 105000¢ fraction
of rat adrenal homogenates. The adrenals from 10 animals
on each treatment were pooled, homogenized and the
microsomal fraction resuspended in NaKPO, buffer. Di-
ethyistilbestrol (DES) was dissolved in 0.1 ml sesame seed
oil and injected once daily. Ovariectomy and hypophysec-
tomy were performed 7 days before treatment was started.
Vertical lines indicate the S.E.M. for 6 determinations.

daily. Injection of 2 mg DES, as well as 1 IU ACTH,
produced an enzyme level 75% larger than did ACTH
alone (P < 0.001) (Fig. 4).

In a second study, female rats were ovariectomized
7 days prior to being randomly assigned to treatment
groups. The control group received 0.2ml of 0.15M
NaCl twice daily and 0.1 ml sesame-seed oil once
daily (both subcutaneously). Injection of 5 ug estra-
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Fig. 5. Hydroxylase activity in the 105,000¢ fraction of

adrenal homogenates of ovariectomized female rats, intact

female hamsters or rabbits. The adrenals were pooled prior

to homogenization and 6 samples of each homogenate

assayed. Ovine prolactin (500 ug, 2 x/day) or estradiol
(1 x /day) benzoate was injected for 6 days.
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diol benzoate (EB) in oil daily for 6 days, with
autopsy on the 7th day, increased 17a-hydroxylase
by 19% (P < 0.05); 50 ug EB/day increased activity
146%, (Fig. 5). Because estrogens can cause an increase
in serum prolactin levels and because the adrenal of
the rat contains receptors for prolactin [10] the
adrenals from animals given 500 ug (17.5 IU) of ovine
prolactin twice daily for 6 days were assayed. This
treatment did not alter adrenal weight but it did
increase hydroxylase activity by 45% (P < 0.01).
Included in the same assay were homogenates from
female hamster and rabbit adrenals (Fig. 5). The ham-
ster adrenals were removed from females without
regard for the stage of the estrous cycle but all of
the rabbit adrenals were obtained from females on
the 6th day of pregnancy. The hydroxylase activity,
on the basis of protein content of the microsomal
fraction, was similar in the three species.

DISCUSSION

The results of the present study clearly indicate that
the rat adrenal has 17ax-hydroxylase activity. While
direct comparisons are difficult, the amount of
enzyme appears to be about the same in rat, hamster
or rabbit adrenals. In the latter two species the
adrenals are known to readily produce and secrete
17a-hydroxy-corticosteroids whereas these com-
pounds are not generally found in the rat [3,4]. The
reason for the apparent inactivity of the 17x-hydroxy-
lase system in the rat, at least as far as corticosteroid
production is concerned, is unknown. However, fail-
ure of several in vitro studies to demonstrate 17a-
hydroxylase activity in adrenal homogenates may be
related to the lability of the enzyme. When stored
frozen in homogenates which contain 10 mg, or more,
of protein per ml the enzyme activity remains con-
stant for at least 2 months, but in protein concen-
trations of 1 mg, or less, the activity is lost within
48 h. In our first studies the adrenals were stored
frozen in KCI for 24 h before homogenization and
assay. Subsequent studies revealed that significant
enzyme losses occurred with this schedule; no loss
was incurred if the glands were frozen dry and
assayed within 72 h.

The interactions between estrogens, ACTH and
adrenal function are complex and have received con-
siderable attention [references in 11]. Estrogen (DES)
administration distinctly increased adrenal weight
and 17a-hydroxylase activity in the animals of the
present study. The mechanism(s) for this action is un-
known but at least part of the effect was direct rather
than via the pituitary and ACTH since hypophysecto-
mized animals treated with DES + ACTH had more
enzyme activity than did those getting ACTH alone.
The effect of DES in this instance may have been
to slow down the disappearance of enzyme already
present at the time of hypophysectomy.

The increased enzyme activity found after estrogen
treatment, and in females compared to males, led us
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to suspect that constant estrus androgenized females
would have high 17a-hydroxylase Jevels because they
have consistently elevated levels of serum estradiol
[12]; these animals also have high serum prolactin
levels. However, the androgenized females had very
low hydroxylase levels, actually much lower than that
of males and not different from that of immature 21
day old females (data not shown). This finding sug-
gests that the stimulatory action of estrogen, or pro-
lactin, may be rather acute and short lived.

The stimulatory action of estrogen on adrenal
17a-hydroxylase is in distinct contrast to its inhibitory
effect upon testicular [13] and ovarian (Johnson, un-
published data) hydroxylase. In the latter two organs
the inhibitory action of estrogen is at least partially
direct since it occurs in hypophysectomized as well
as in intact animals. The nature of the inhibition is
not clear but appears to involve an active process;
i.e. the loss of enzyme activity is too rapid to be
accounted for by half-life after removal of a trophic
stimulus. We do not know as yet what is involved
in the stimulatory effect of estrogen on adrenal
170-hydroxylase.

In summary, the present study has indicated that
the androgen, and subsequently the estrogen, pro-
duced in gonadectomized rats, could originate in the
adrenal. The presence of 172-hydroxylase activity and
its alteration by various manipulations suggest the
need for further study of the control processes for
this enzyme.
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