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Adrenal cortex – the next biological clock?
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Introduction
It is well known that plasma levels of dehydroepiandrosterone (DHEA), a steroid hormone
secreted by zona reticularis (ZR) of the adrenal
cortex and circulating mainly as DHEA-sulfate
(DHEAS), undergoes marked changes during the
lifespan. Its levels are very low in the early childhood and increase at the puberty reaching the maximal values in the third decade of human life. This
is followed by a steady decline with age [1,2,3]. The
age-related drop of DHEA and DHEAS contrasts

with the unchanged levels of cortisol, the hormone
secreted by zona fasciculata of the adrenal cortex.
The experimental animal studies showed several effects of DHEA which seem opposite to the
aging processes including immunostimulation, the
increase of insulin sensitivity, anti-atherogenic and
anti-cancer activities [for review see:4,5]. DHEA
levels were suggested to be the markers of longevity in several species including man [6] Thus,
DHEA deficiency (called “adrenopause”) is prob-
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It is well known that plasma levels of dehydroepiandrosterone (DHEA), a steroid hormone secreted by zona reticularis (ZR) of the adrenal cortex, reach the
maximal values in the third decade of life and then gradually decline with age.
Moreover, the DHEA deﬁciency is probably responsible for several functional
disturbances connected with aging. It was also found that ZR reaches its deﬁnitive volume at puberty and undergoes selective atrophy during the aging. Thus,
the decline of DHEA may be a simple consequence of ZR atrophy in aged subjects. A hypothesis presented here attempts to explain the mechanism of the agerelated ZR atrophy and is based on the adrenal cortex cell kinetics. In the adrenal
cortex the cell proliferation indices are lower when we pass from zona glomerulosa (ZG) to the inner zones and are the lowest in ZR. In contrast, the apoptotic
index is the highest in ZR. It is suggested that adrenocortical cells renew from
the progenitor cells located in ZG /zona fasculata boundary and /or in subcapsular layer. These cells migrate centripetally undergoing the subsequent steps of
diﬀerention and consecutive divisions– and –if not die en route – reach the most
central localization in ZR. In consequence, ZR includes the “oldest” adrenocortical cells which probably in majority reached the “Hayﬂick’s number” and cannot
divide. This results in the preponderance of apoptosis over proliferation leading
to progressive ZR atrophy followed by a decline of secretion of ZR-derived steroid hormones.
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Figure 1.
Schematic presentation of cell
kinetics in the adrenal cortex
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ably an important factor involved in the mechanism of
functional disturbances connected with aging. Interestingly, the age-related changes in DHEA and DHEAS
levels reflect the changes in adrenal cortex morphology. The volume of zona reticularis (ZR) is very small
in the early childhood, maximal in the third decade of
life and diminishes in the middle-aged and old human
subjects [7]. The atrophy of ZR in old subjects was also
confirmed by more recent studies and it was found to
depend on the decrease of cell number in this adrenocortical zone [8]. In contrast, there is no distinct atrophy
of zona glomerulosa (ZG) and zona fasciculata (ZF) in
the aged subjects, and secretion of hormones elaborated
by these zones (aldosterone and cortisol, respectively)
is not substantially diminished.Although we cannot
exclude the age-related decrease of expression and/
or activity of the enzymes involved in DHEA biosynthesis, it seems that ZR atrophy in aging subjects is the
simplest explication the age-related decline of DHEA. A
question arises what is the cause of the age-related morphological changes in ZR volume? Why does zona reticularis develop at pubertal age but not earlier? Why does
it undergo atrophy earlier than the remaining zones of
the adrenal cortex? I present here a hypothesis explaining the mechanism of the age-related ZR changes based
on the adrenocortical cell kinetics.

Why zona reticularis undergoes a
“selective” atrophy during the aging?
It was repeatedly demonstrated in many studies that
in the adrenal cortex the cell proliferation indices are
the highest in ZG and in the outer part of ZF but the
lowest in ZR. This observation was repeatedly done in
numerous studies performed in our [9–11] and other
laboratories [12–14]. In contrast, the apoptotic index is
the highest in ZR [15]. Although the majority of these
studies were performed in rodents, the similar observations concern the human adrenal gland [16] It is suggested that adrenocortical cells renew from the progenitor cells located in ZG /zona fasculata boundary and
/or in subcapsular layer. These cells migrate centripetally undergoing the subsequent steps of differention
and consecutive divisions, and, finally – if not die en
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route – reach the most central localization in ZR [17].
The centripetal migration of adrenocortical cells was
demonstrated in experiments with tritiated thymidine
labeling in rats. One hour after labeling, 95% of the cells
are located in the outer quarter of cortex. Then, in subsequent days, they reach progressively the more central position reaching ZR after 104 days [18]. Another
experimental model of centripetal migration is adrenal
regeneration in rats after the enucleation of the gland.
The regeneration of the adrenal cortex begins from
the subcapsular layer and zona glomerulosa appears
the first whereas ZR reappears as the last one [19], If
the course of adrenocortical morphogenesis presented
above (summarized on Fig.1) is true, the answers for the
mentioned questions are rather simple. First, adrenocortical cells (or progenitor cells) have to use a proper
time period to migrate from the external layers of the
gland to the deepest place where they can differentiate
into ZR cells. In consequence, the postnatal development of ZR completes later than that of ZG and ZF. On
the other hand, ZR includes the “oldest” adrenocortical
cells which reach the so-called “Hayflick’s number” first
– the maximal number of possible division and thus
cannot divide [20]. This results in the preponderance
of apoptosis over proliferation leading to progressive
ZR atrophy followed by a decline of secretion of ZRderived steroid hormones.

Adrenal zona reticularis as a “biological
clock”
As it was discussed above the changes of adrenocortical morphology are transposed to the hormonal signal – DHEA and /or DHEAS level in the blood (Fig.2).
At the end of childhood the appearance of high DHEA/
DHEAS levels are a signal responsible for adrenarche
– the important step of the puberty. During the adulthood sufficient DHEA/DHEAS levels assure (obviously acting in concert with many other factors) the
well-being of the organism.
In turn, a fall of DHEA/DHEAS secretion resulting from the atrophy of ZR determinates the biological age of senescence. It is known that the high secretion of DHEA is specific for humans [4]. Attractive is a
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Figure 2.
Age-related changes in DHEA secretion
(measured as DHEAS levels in blood) and
zona reticularis volume.

hypothesis that the high secretion of this steroid is an
important factor determining the relative longevity of
human species, the latter being in turn very important
for culture transmission between the generations. If the
adrenal cortex plays a role of “biological clock” all factors which modulate the adrenocortical cell turnover
may have an important long-term influence on the processes of maturation and aging. It includes, among others, stress and activity of the renin-angiotensin system,
because ACTH and angiotensin peptides strongly affect
the adrenocortical cell turnover [17, 21–23]
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