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Experiments on adult (5-7 months old) and old (28-30 months old) male rats reveal
that ACTH induces a hyperpolarization of the plasma membrane of adrenocorticocytes
from the fasciculate zone in both age groups of animals 24 hours after a single ad-
ministration of the hormone. Actinomycin D, an inhibitor of protein synthesis, pre-
vents the development of hyperpolarization.
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Recent studies have demonstrated a relationship
between the membrane potential (MP) of adreno-
corticocytes (ACC) in the fasciculate zone of the
adrenal cortex and the secretory response of the
cortical substance to ACTH [6,7]. Two types of
effects are involved in the mechanism of the ef-
fect of ACTH on crinoparenchyma of the adrenal
cortex: first, immediate effects consisting in a sharp
activation of the secretion of corticosteroids due to
activated synthesis of pregnenolone from precursors
and, second, delayed effects related to an activa-
tion by the tropic hormone of the ACC genome
and protein synthesis in ACC [5]. Until now little
has been known about the relationships between
the electrical properties of the plasma membrane
(PM) of ACC and the functional state of the ad-
renal cortex in the manifestation of the delayed
effects of ACTH on the adrenal cortex and the
age-related peculiarities of these relationships. Yet
these relationships are important for two reasons.
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First, a relation between the rate of protein syn-
thesis in the cell and its MP has been found in
various types of cells, except in secretory cells of
endocrine tissues. Namely, the activation of pro-
tein synthesis in the cell is accompanied by hy-
perpolarization of the PM, which in turn has a
substantjal effect on its specific functional activity
[3]. Second, age-related changes in the functional
activity of the adrenal glands (AG) largely deter-
mine the nature of the adaptive responses of the
organism in senility.

Thus, the objective of the present study was to
investigate the relationship between the MP of
ACC of the fasciculate zone of the adrenal cortex
in adult and old rats at late stages after a single
injection of ACTH (24 hours), when an increase
in the incorporation of radiolabeled amino acids
into proteins of the adrenal tissue is observed [5].

MATERIALS AND METHODS

Adult (5-7 months old) and old (28-30 months
old) male Wistar rats were used in the experi-
ments. The membrane potential of ACC of the
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Fig. 1. Basal secretion of 11-0OCS by isolated "hyper-

polarized" adrenal glands from adult and old rats. Here and
in Fig. 2. open bars denote control, shaded bars denote
“"hyperpolarized” adrenal glands, and an asterisk denotes
reliable differences in comparison with the control.

fasciculate zone of isolated AG (IAG) as well as
the basal and ACTH-stimulated secretion of 11-
oxycorticosteroids (11-OCS) in IAG were studied
24 hours after a single injection of ACTH (100
ED/kg body weight, intramuscularly). Control ani-
mals received a single injection of physiological
saline. The effect of a single injection of ACTH
on the above parameters of the functional state of
the adrenal cortex was also studied against the
background of chronic (24 hours) administration of
the inhibitor of protein synthesis actinomycin-D
(Act-D, in a dose of 100 pg/kg body weight, four
times per day). ACTH was injected 2 hours after
the first administration of blocker.

Each AG obtained from one animal was cut
into two parts. Both halves of one IAG were fixed
on plastic substrate and placed in a chamber con-
taining 5 ml Krebs-Henseleit solution [8]. Each of
the two AG obtained from one animal was incu-
bated separately at 37°C for 4 hours. The incuba-
tion medium was aerated with a 5% CO, and 95%
O, mixture and replaced every 10 minutes. In the
removed portions the content of 11-OCS was
measured fluorometrically [2]. Each member of the
pair of JAG from one animal was used for the
study of the basal and ACTH-stimulated secretion
of 11-OCS, respectively. To this end the first IAG
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Fig. 2. ACTH - stimulated secretion of 11—-0CS by isolated

“hyperpolarized” adrenal glands from adult and old rats.
Arrows indicate incubation in the presence of ACTH (10 U/
liter).
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was incubated in standard Krebs-Henseleit solution,
while the second was incubated in a medium
where ACTH (10 U/liter) was added 2 hours after
the start of the experiment. The membrane poten-
tial of ACC of the fasciculate zone was measured
after a 20-30-min incubation [1].

RESULTS

Twenty-four hours after the injection of ACTH a
hyperpolarization of PM of ACC was observed in
rats of both age groups. In adult control animals
(n=10) MP ACC was -55.7£0.4 mV and 24 hour
after injection of ACTH (»n=12) -62.6+0.8 mV
p<0.001. In old rats MP ACC was -53.9+0.8 mV
in the control (»=6) and -60.9x0.8 mV 24 hours
after injection of ACTH (»=6), p<0.001. In ani-
mals of both age groups the injection of Act-D
prevented the hyperpolarization of PM in ACC 24
hours after a single injection of the tropic hor-
mone. Twenty-four hours after a single injection of
ACTH against the background of Act-D the MP
of ACC in IAG of the adult animals (»=6) was -
57.1£1.7 mV and in old animals (»=6) it was -
52.540.4 mV, i.e., it did not differ reliably from
the control. Injection of ACTH alone during 24
hour induced no reliable differences in MP of
ACC in the fasciculate zone of the AG in ani-
mals of both groups.

The basal and ACTH-stimulated secretion of
11-OCS by the “hyperpolarized” IAG was also
studied. In both age groups the basal secretion by
the “hyperpolarized” IAG was lower in compari-
son with the control. Figure 1 demonstrates an
hour-by-hour diagram of the basal secretion of
11-0OCS in IAG of adult and old rats 24 hours
after a single injection of ACTH or isotonic sa-
line (control).

The reactivity of “hyperpolarized” IAG to
ACTH was considerably higher compared to the
control in both age groups. Figure 2 presents the
hour-by-hour dynamics of ACTH-stimulated secre-
tion of 11-OCS in IAG of adult and old rats 24
hours after a single injection of ACTH or isotonic
saline (control).

The obtained results suggest the existence of a
relationship between the level of polarization of
ACC PM and the functional activity of the adre-
nal cortex at late stages after ACTH injection. The
absence of age-related differences in the nature of
the reaction of “hyperpolarized” IAG to ACTH
allow us to conclude that the membrane-genomic
mechanism of the regulation of glucocorticoid func-
tion of AG remains unchanged also during the late
ontogeny.
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Since the secretory products of the adrenal
cortex are nonprotein substances, the hyperpolar-
ization of PM of ACC long after the injection of
ACTH due to activation of protein synthesis in
ACC may be thought to be related to an activated
synthesis of the enzymes of steroidogenesis. This
may be what provides for the enhanced secretion
of corticosteroids by “hyperpolarized” AG during
in vitro stimulation of steroidogenesis in the adre-
nal cortex by the tropic hormone.

At the same time, other mechanisms underly-
ing the enhanced reactivity of the “hyperpolarized”
AG to ACTH cannot be ruled out. In particular,
it has been shown that the development of hyper-
polarization of cell PM resulting from the activated
protein synthesis in tissues is accompanied by ac-
tivation of Na,K-ATPase of the PM. In addition,
the appearance of peptide compounds, so-called
invertors, has been demonstrated in hyperpolarized
tissues, which are capable of activating Na,K-AT-
Pase of cell PM in intact tissues and thereby af-
fect their functional activity [4]. From this point

307

of view, the hyperpolarization of PM of ACC
which develops against the background of activated
protein synthesis may serve as an invertor-medi-
ated interface in the chains of direct and feedback
regulatory influences, thus modulating the reactiv-
ity of ACC to the tropic hormone.
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It is shown that insulin is able to alter the secretion of somatotropic hormone di-
rectly at the level of the pituitary. The direction of the regulatory effect of insulin
depends on the age of the animals donating the pituitary cells, while the intensity of
the effect of insulin is largely modulated by glucocorticoid and thyroid hormone.
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It is now undisputed doubt that there are direct
and feedback relationships between the somatotro-
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pic hormone (STH) of the pituitary and insulin.
As is well known, STH directly stimulates insulin
secretion and biosynthesis, as well as the prohf-
eration of B-cells of the pancreatic islets (islets of
Langerhans) [7,14]. On the other hand, insulin
has been found to directly inhibit the secretion of
STH in cultures of normal and tumor cells of the
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