transcriptase activity (10-I2), trans-
forming ability in vitro (I4), and
poly(A) content and size.
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Isolated Adrenal Cortex Cells: Hypersensitivity to

Adrenocorticotropic Hormone after Hypophysectomy

Abstract. Cells from the adrenals of hypophysectomized rats (up to 28 days
after operation) require less adrenocorticotropic hormone to induce one-half
maximal rate of production of 3',5'-adenosine monophosphate than do cells from
the adrenals of intact rats. A corresponding increase in sensitivity is reflected in
the steroidogenic response to adrenocorticotropic hormone up to 2 days after

hypophysectomy.

In the absence of pituitary tropic hor-
mones, target endocrine glands develop
a depression of secretory capacity. For
example, in vivo studies have demon-
strated that hypophysectomy is followed
by a reduction in the rate of secretion
of corticosteroids in response to a given
dose of adrenocorticotropic hormone
(ACTH) (I). On the other hand, rate
of accumulation of the “second mes-
senger,”  3’,5’-adenosine  monophos-
phate (cyclic AMP) is not diminished
in response to the administration of
ACTH (2). This interesting difference
prompted us to examine the two re-
sponses in vitro; both ACTH-induced
accumulation of cyclic AMP and ste-
roidogenesis have been determined in
suspensions of isolated cells prepared
from adrenals removed at various times
after hypophysectomy.

Suspensions of cells were prepared
from the fasciculata-reticularis region
of 32 to 40 rat adrenals according to
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the method of Sayers et al. (3). Thirty
microcuries of [8-1*Cladenine were
added to the dispersion medium for the
labeling of adenosine triphosphate, the
precursor of cyclic AMP. After disper-
sion with trypsin, the cell suspensions
were centrifuged, and the pellet was
resuspended in a volume of buffer
medium so that each 0.9-ml portion
taken for incubation contained ap-
proximately 350,000 cells. Cortrosyn
(ACTH, ;) (Organon Inc.) was added

Cyclic AMP (102 count/min)
& o & & B

©

in a volume of 0.1 ml of buffer medium.
This medium only, in a volume of 0.1
ml, was added to blanks. After 60 min-
utes of incubation, cells plus medium
were extracted with methylene chlo-
ride. In samples of the aqueous layer
cyclic AMP labeled with 14C was deter-
mined by the method of Kuo and De
Renzo (4), as modified for use in iso-
lated adrenal cortex cells by Beall and
Sayers (5). Corticosterone in the meth-
ylene chloride extracts was determined
by the method of Silber et al. (6).

Logarithmic dose response curves
for production of cyclic AMP and of
corticosterone by isolated adrenal cor-
tex cells (350,000 cells per milliliter of
incubate) in response to various doses
of ACTH,.,, are displayed in Figs. 1
and 2, respectively. The isolated cells
are characterized by the following
parameters: (i) cAMP,,. and B,
the maximum rate of production of
cyclic AMP and the maximum rate of
production of corticosterone, respec-
tively, and (ii) Ajye and Ajgp, the
doses of ACTH, ,4 that induce one-half
cAMP, ., and B, respectively. Com-
puter estimates of these parameters
with standard errors represent least
square fits by a nonlinear method (7).
The data presented in Fig. 1 show that
cAMP, .. for cells prepared from the
adrenals of hypophysectomized rats
was greater than cAMP,,, for cells
from intact rats. The increases for rats
hypophysectomized for 2, 14, and 28
days were 3326, 15=%25, and
25+3.4 percent, respectively, over
values for intact rats. The Ajzoc was
estimated to be 760 % 150 pg for cells
from intact rats and 160 = 20, 240 =
30, and 160=30 pg for cells from
rats hypophysectomized for 2, 14, and
28 days, respectively. The data indi-
cate that the cells from hypophysecto-
mized rats are about five times more
sensitive to ACTH than cells from in-
tact rats.

As expected, B, ,, progressively de-
creased with time after hypophysec-

Fig. 1. Logarithmic dose response curves
for cyclic AMP production by samples of
adrenal cortex cells in suspension prepared
from the fasciculata-reticularis region of
adrenals of intact rats and of rats killed
2, 14, and 28 days after hypophysectomy.
Net cyclic AMP production, as counts
per minute of cyclic [8-*C]JAMP per 350,-
000 cells per 60 minutes of incubation, is
plotted on the ordinate; dose of ACTHi-x
in picograms on the abscissa. The points
are the means of analyses on three samples
of the cell suspension; Hypox, hypophy-
sectomized.
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Fig. 2. Logarithmic dose response curves
for corticosterone production by samples
of adrenal cortex cells in suspension pre-
pared from the fasciculata-reticularis re-
gion of adrenals of intact rats and of rats
killed 2, 14, and 28 days after hypophy-
sectomy. Net corticosterone production
(ACTH stimulated minus blanks) per
350,000 cells per 60 minutes of incubation
is plotted on the ordinate; dose of ACTH-x
in picograms on the abscissa. The points
are the means of analyses on three samples
of the cell suspension. Insulin or glucagon
in a dose of 100 wug did not stimulate
steroidogenesis when added to suspensions
of cells from the adrenals of intact rats or
of hypophysectomized rats; Hypox, hy-
pophysectomized.

tomy (Fig. 2). After 14 and after 28
days, corticosterone production is
markedly reduced. However, after 2
days, at which time B, for cells from
hypophysectomized rats is reduced by
only 50 percent, sensitivity to ACTH
is increased, as shown by the crossing-
over of the curves for cells from rats
hypophysectomized for 2 days and for
cells from intact rats. The Ay for
cells from hypophysectomized rats was
estimated to be 3.34 = 0.34 pg, while
that for cells from intact rats was
27.3+2.2 pg—a highly significant dif-
ference (P<.001). At a dose of 1.0
pg, ACTH induced no response in cells
from intact rats and 0.12 pg of corti-
costerone in cells from rats hypophy-
sectomized for 2 days; at 5 pg, 0.11
ung of corticosterone was produced in
intact rats and 0.33 pug in those hypo-
physectomized for 2 days; and at 10
pg, the values were 0.22 and 0.45 ug,
respectively. In each of ten additional
experiments, cells from rats hypophy-
sectomized for 2 days have exhibited
the same order of hypersensitivity to
ACTH in terms of production of
corticosterone.

Since after hypophysectomy the ca-
pacity to produce cyclic AMP is
slightly enhanced, we may conclude
that the receptor—adenylate cyclase
complex of the plasma membrane re-
tains its functional integrity after hypo-
physectomy. Of considerable interest is
the hypersensitivity to ACTH as re-
flected in marked decreases in the
quantity of the polypeptide hormone
required to induce A;oc. Hypersensitiv-
ity is also reflected in the quantity of
ACTH required to induce A;,y;, pro-
vided the cells are examined before
drastic reductions in steroidogenic ca-
pacity have developed.

The changes observed with time
after hypophysectomy cannot be
ascribed to alteration of cells of the

30 MARCH 1973

[ ]
1.2 i °
g 1.04 '..
o +'*Intact
S 0.8 M
; U
"g" N 2-day Hypox
Q 0.6 0. e [ e
£ SeTTTTTE
8 = 1
] s
0.4 20
o}

Log ACTH (pg)

glomerulosa; this region of the gland
was removed by decapsulation. It
seems unlikely, but we cannot rule out
the possibility, that the differences in
sensitivity are a result of differences in
the effect of the trypsinized buffer
medium on adrenal tissue from hypo-
physectomized and from intact rats.
Also unlikely is the possibility that
cells from intact rats in contrast to
cells from hypophysectomized rats
have a fraction of their receptors oc-
cupied by endogenous ACTH at the
time of incubation with added ACTH.
In the first place, the cells are exposed
to trypsin during the dispersion process
and ACTH is an excellent substrate
for this enzyme. In the second place,
cells from intact rats, incubated 60
minutes in the absence of added
ACTH, produce no significant quan-
tity of corticosterone. Among possibil-
ties to be explored we include (i) in-
creased number of receptors per cell,
(ii) more efficient coupling of the sig-
nal generated by ACTH-receptor inter-
action and activation of adenylate
cyclase, (iii) alterations in affinity of
ACTH for receptors, and (iv) de-
crease in phosphodiesterase.

Classic studies in hypophysectomized
animals clearly indicate that, with time
after removal of the pituitary, a given
dose of ACTH induces progressively
less of an increase in corticosteroids
secreted into the adrenal vein (). Re-
duction in the capacity of the cells of
the adrenal cortex to produce corti-
costerone after hypophysectomy ap-
pears to be a result of functional
atrophy of the cellular processes in-
volved in steroid biosynthesis. For ex-
ample, the contents of P-450 in the

. mitochondria and the microsomes of

the adrenal cortex undergo progressive
decreases with time after hypophysec-
tomy with an estimated half-life of 3

to 4 days (8). In the absence of ACTH,
we presume that lack of cyclic AMP is
at least partly responsible for the
atrophy, as suggested by the observa-
tions of Ney (9) to the effect that ad-
ministration of dibutyryl cyclic AMP
to hypophysectomized rats results in
partial maintenance of adrenal weight
and content of DNA, RNA, and pro-
tein. Dibutyryl cyclic AMP also par-
tially maintains corticosterone produc-
tion in response to the administration
of ACTH. In the hypophysectomized
animal, rate of secretion of corti-
costeroids into the adrenal vein in re-
sponse to ACTH is determined to an
important degree by the functional in-
tegrity of the steroid biosynthetic
machinery. The isolated adrenal cortex
cell system reveals that hypersensitivity
to ACTH does exist in the brief period
following removal of the pituitary be-
fore atrophy becomes marked.

The phenomenon described here for
the adrenal cortex has certain similari-
ties to denervation hypersensitivity of
skeletal muscle. Following denervation,
skeletal muscle is hypersensitive to
acetylcholine (/0), and contractile
force progressively decreases (I1). In
analogy to denervation hypersensitivity
we suggest “detropication hypersensi-
tivity” for the changes that occur in
cells of the adrenal cortex after loss
of its tropic hormone.
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