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Abstract

Although adrenocorticotropic hormone is generally considered to play
a major role in the regulation of adrenal glucocorticoid secretion,
several reports have suggested that other pituitary hormones (e.g.,
prolactin) also play a significant role in the regulation of adrenal
function. The aim of the present study was to measure the adrenocor-
tical cell area and to determine the effects of the transition from the
prepubertal to the postpubertal period on the hyperprolactinemic state
induced by domperidone (4.0 mg kg-1 day-1, sc). In hyperprolactinemic
adult and young rats, the adrenals were heavier, as determined at
necropsy, than in the respective controls: adults (30 days: 0.16 ± 0.008
and 0.11 ± 0.007; 46 days: 0.17 ± 0.006 and 0.12 ± 0.008, and 61 days:
0.17 ± 0.008 and 0.10 ± 0.004 mg for treated and control animals,
respectively; P < 0.05), and young rats (30 days: 0.19 ± 0.003 and 0.16
± 0.007, and 60 days: 0.16 ± 0.006 and 0.13 ± 0.009 mg; P < 0.05). We
selected randomly a circular area in which we counted the nuclei of
adrenocortical cells. The area of zona fasciculata cells was increased
in hyperprolactinemic adult and young rats compared to controls:
adults: (61 days: 524.90 ± 47.85 and 244.84 ± 9.03 µm2 for treated and
control animals, respectively; P < 0.05), and young rats: (15 days:
462.30 ± 16.24 and 414.28 ± 18.19; 60 days: 640.51 ± 12.91 and
480.24 ± 22.79 µm2; P < 0.05). Based on these data we conclude that
the increase in adrenal weight observed in the hyperprolactinemic
animals may be due to prolactin-induced adrenocortical cell hypertro-
phy.
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Introduction

Prolactin (PRL) is one of the most versa-
tile hormones produced by the pituitary gland
(1-3). Several properties of PRL are of par-
ticular interest with regard to the adrenal
gland. It is known that glucocorticoids have a
synergistic action with PRL on breast devel-

opment. PRL is a stress-related peptide and
hyperprolactinemia is frequently associated
with hirsutism, hypogonadism, and amenor-
rhea in humans (4). It has been speculated
that in these conditions PRL acts directly on
the adrenal.

PRL stimulates steroidogenesis in the ad-
renal gland of rats and this effect seems to be
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synergistic with that of adrenocorticotropic
hormone (ACTH) (5). PRL seems to be a 5
α-reductase inhibitor and stimulates adrenal
growth and corticosterone synthesis (6).

Several studies have reported that PRL
has a stimulatory effect on human adrenal
aldosterone-producing adenomas and on
adrenocortical carcinoma (7,8). Furthermore,
PRL has been shown to be involved in the
cell proliferation of normal and neoplastic
tissues and to activate the mitogen-activated
protein kinase cascade in primary cultures of
leiomyoma cells, breast cancer cells and Nb-
2 cell lines (8).

Other investigators have reported that
hyperprolactinemic rats and mice show an
increase in absolute and relative adrenal
weight (6,9,10). However, these reports did
not refer to any histological changes in the
adrenal glands. Furthermore, most of these
studies were conducted on adult animals. In
the present study we investigated the effects
of hyperprolactinemia on the adrenal glands
of pre- (42-47 days) and postpubertal (75-90
days) rats. Our aim was to measure the area
of adrenocortical cells and to investigate the
effects of the transition from the prepubertal
to the postpubertal period on the hyperpro-
lactinemic state induced by domperidone
(11-14).

Material and Methods

Animal treatment

Young (42-47 days) and adult (70-90
days) Wistar rats were used. The animals
were maintained under standard conditions
of light (12 h light/12 h dark) and tempera-
ture (23 ± 1ºC), with free access to labora-
tory food and water.

All animals in the experimental groups
received a daily subcutaneous injection of
domperidone (4.0 mg/kg body weight) dis-
solved in saline plus Tween 80. The animals
of the control groups received saline plus
Tween 80. The period of treatment was 15,

30, 45/48, or 60/61 days. Twenty-four hours
after the last administration of domperidone
or saline, the rats were decapitated and trunk
blood was collected. Blood was collected
between 10:00 am and 3:00 pm, a period
during which the daily rhythm of prolactin
secretion remains relatively stable (15).

Body weight and the weight of the two
adrenals were determined at autopsy. Only
the left adrenal was used for the morphomet-
ric and histological studies.

Light microscopy

The adrenal glands were removed, freed
of adhering fat and weighed. The left adrenals
were fixed in Bouin’s solution, embedded in
paraffin and serially cut into 5-7-µm sec-
tions. The sections were then stained with
hematoxylin and eosin.

Morphometry

A single paraffin section containing the
zona medullaris was chosen for adrenal gland
morphometry. In this section 50 test areas of
the outer zona fasciculata (ZF) were counted
(16). Since the adrenocortical cells of rats
are mononucleated, the numerical density of
the nuclei corresponds to the number of cell
per mm3 (16,17).

The test area was measured with a 10X
objective using the Image-Pro Plus software.
To measure these areas we chose a circular
area with the aid of this software, in which
we counted the nuclei. After this procedure,
we were able to calculate the area of the ZF
adrenocortical cells of the adrenal gland by
dividing the number of nuclei counted by the
circular area measured (16,17). These meas-
urements were performed only in the groups
treated for 15 and 60 days.

Hormone assays

PRL concentration was determined by
double antibody radioimmunoassay using
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specific kits provided by the National Insti-
tute of Diabetes and Digestive and Kidney
Diseases (NIDDK, Baltimore, MD, USA).
The antiserum for PRL was anti-rat PRL-S9
and the reference preparations were PRL-
RP3. The lower limit of PRL detection was
0.19 ng/ml. The intra-assay and interassay
coefficients of variation were 4 and 11.5%
for PRL, respectively. Prolactin levels are
reported as ng/ml.

Statistical analysis

The data obtained for each rat were aver-
aged per group and the standard error of the
mean was calculated. The Mann-Whitney
test was used for statistical comparison of
mean adrenal weight and PRL levels be-
tween the treated and control groups. A value
of P ≤ 0.05 was considered to be statistically
significant.

Results

Table 1 shows the absolute and relative
weights of the adrenal glands from adult rats.
Treatment with domperidone for 30 or more
days resulted in an increase in the weight of
the adrenal glands and their relative weight
in adult rats.

Table 2 shows the results obtained for
young animals. As observed in the adult rats,
there was an increase in the adrenal weights
after long-term treatment, with the exception
of animals treated for 48 days. The increase
in adrenal weight was more pronounced in
adult animals treated with domperidone than
in young animals compared to the respective
control.

Table 3 shows the data obtained by mor-
phometric analysis concerning the adreno-
cortical cell area, in µm2, for the adult and
young animals. There was an increase in ZF
cell area in young and adult rats treated with
domperidone for 15 and 60/61 days, but not
in adult rats treated for 15 days.

Serum PRL levels were significantly in-

Table 2. Effect of hyperprolactinemia induced by domperidone on adrenal weights of
young rats.

Groups Duration of Body weight Adrenal Relative
treatment  (g) weights adrenal

(days) (mg/pair) weight

Experimental (N = 10) 15 238.00 47.30 ± 2.43 0.20 ± 0.013
Control (N = 10) 229.80 46.30 ± 1.67 0.20 ± 0.009

Experimental (N = 8) 30 315.95 58.13 ± 1.01* 0.19 ± 0.003*
Control (N = 8) 315.53 51.13 ± 2.07 0.16 ± 0.007

Experimental (N = 8) 48 349.25 51.00 ± 3.80 0.15 ± 0.010
Control (N = 8) 359.38 46.63 ± 3.62 0.13 ± 0.010

Experimental (N = 8) 60 376.75 59.13 ± 2.25* 0.16 ± 0.006*
Control (N = 7) 362.57 48.14 ± 2.81 0.13 ± 0.009

The rats (aged 42-47 days at the beginning of treatment) received 4.0 mg/kg
domperidone, sc. Relative adrenal weight = adrenal weights/body weight. Data are
reported as means ± SEM for N rats in each group. P < 0.05 compared to respective
control (Mann-Whitney test).

creased throughout treatment in all experi-
mental groups, except for young animals
treated for 15 and 48 days (Table 4).

Figure 1 shows histological sections of
adrenal glands stained with hematoxylin and
eosin. The treated animals (Figure 1B) had
fewer “clear cells” (vacuolated adrenocorti-
cal cells) than control animals (Figure 1A).

Table 1. Effect of hyperprolactinemia induced by domperidone on adrenal weights of
adult rats.

Groups Duration of Body weight Adrenal Relative
treatment  (g) weights adrenal

(days) (mg/pair) weight

Experimental (N = 7) 15 380.57 68.30 ± 4.20 0.18 ± 0.012
Control (N = 6) 361.67 65.30 ± 7.81 0.18 ± 0.017

Experimental (N = 7) 30 373.57 59.57 ± 2.36* 0.16 ± 0.008*
Control (N = 7) 419.71 48.00 ± 3.46 0.11 ± 0.007

Experimental (N = 7) 46 344.23 58.71 ± 3.01* 0.17 ± 0.006*
Control (N = 6) 356.27 42.33 ± 2.87 0.12 ± 0.008

Experimental (N = 8) 61 384.50 64.88 ± 2.30* 0.17 ± 0.008*
Control (N = 7) 404.00 42.00 ± 2.45 0.10 ± 0.004

The rats (aged 70-90 days at the beginning of treatment) received 4.0 mg/kg
domperidone, sc. Relative adrenal weight = adrenal weights/body weight. Data are
reported as means ± SEM for N rats in each group. P < 0.05 compared to respective
control (Mann-Whitney test).
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steroids. ZF cells are larger and contain more
lipid than zona glomerulosa cells (20), and
appear to be somewhat paler (“clear cells”)
in routinely stained tissue because of the
microvacuolation of the cytoplasm. When
stimulated to produce steroids, the clear cells
are transformed into compact cells as the
stored cholesterol is depleted. The zona
reticularis is composed of aggregates of
deeply acidophilic nonvacuolated cells
(“compact” or “dark cells”) devoid of appar-
ent lipid (21). Depletion of lipid droplets in
adrenal ZF cells has been reported to occur
after stimulation with ACTH by a process
that was termed endoplasmocrine secretion
(22). Bornstein et al. (23) also demonstrated
that lipid droplets were reduced in hypophy-
sectomized rats treated with corticotropin-
releasing hormone. At the electron micro-
scope level these investigators observed that
ZF cells presented features characteristic for
stimulated glands. It is known that ACTH
stimulation of the adrenocortical cells and
corticotropin-releasing hormone treatment
result in depletion of lipid droplets (23).

The reduction of the number of “clear
cells” observed in the present study is con-
sistent with that observed in guinea pigs
treated with ACTH which decreased the num-
ber of lipid droplets in ZF cells (18). The
decrease in the number of lipid droplets in
ZF cells resulted in the reduction of the
foamy appearance that is normal for the
“clear cells”. Depletion of lipid droplets in
ZF cells also occurs in animals exposed to
stress (24).

There is a direct relationship between
adrenal gland activity and increased gland
weight (20). Hypertrophy and macroscopic
hyperemia have been described in response
to administration of ACTH, or following
prolonged exposure to stress (20).

Some reports have suggested that PRL
has an adrenoglomerulotrophic action (17).
The increase in adrenal weight observed here
may be due to the elevated levels of PRL.

We did not find mitotic figures in any

Discussion

Adrenal cells of the zona glomerulosa
have little cytoplasm containing only a small
amount of lipid. The ZF is the broadest of all
the three zones of the adrenal, which makes
up about 75% of the total cortex. Its cells are
polyhedral and have many intracytoplasmic
lipid droplets (18). These lipids, mostly cho-
lesterol and cholesterol esters, are used as
substrates for steroidogenesis (19). These
lipid droplets can be mobilized from these
stores to mitochondria for the synthesis of

Table 4. Serum prolactin levels of adult and young animals treated with domperidone.

Duration

Adult rats 15 days 30 days 46 days 61 days
Experimental 193.17 ± 19.37* 303.87 ± 31.43* 251.95 ± 35.76* 246.95 ± 34.81*

N = 7 N = 8 N = 7 N = 7

Control 25.75 ± 8.12 18.28 ± 2.84 7.40 ± 1.21 19.44 ± 2.37
N = 6 N = 6 N = 6 N = 7

Young rats 15 days 30 days 48 days 60 days
Experimental 19.70 ± 1.87 20.09 ± 3.44* 72.16 ± 19.94 217.87 ± 42.11*

N = 10 N = 8 N = 9 N = 8

Control 13.70 ± 5.53 2.76 ± 0.31 47.30 ± 17.08 24.47 ± 5.99
N = 10 N = 7 N = 7 N = 7

Rats received 4 mg/kg domperidone, sc. Data are reported as means ± SEM in ng/ml for N
rats in each group.
*P < 0.05 compared to respective control (Mann-Whitney test).

Table 3. Effect of hyperprolactinemia induced by
domperidone on the cell area of zona fasciculata
cells from adult and young rats.

Duration

 Adult rats 15 days 61 days
Experimental 496.92 ± 10.60 524.90 ± 47.85*
Control 459.43 ± 19.65 244.84 ± 9.03

Young rats 15 days 60 days
Experimental 462.30 ± 16.24* 640.51 ± 12.91*
Control 414.28 ± 18.19 480.24 ± 22.79

Rats received 4 mg/kg domperidone, sc. Data are
reported as means ± SEM in µm2 for 4 rats in each
group.
*P < 0.05 compared to respective control (Mann-
Whitney test).
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group and proliferating cell nuclear antigen
analysis showed no difference between the
groups studied. Based on these data and on
morphometric analysis, we conclude that the
increase in adrenal weight is a consequence
of adrenocortical cell hypertrophy. The pres-
ent data are consistent with those reported by
Glasow et al. (25) using human adrenal cells
in primary culture. The results suggest that
PRL is not mitogenic to adrenocortical cells.
Apparently young animals are more respon-
sive to PRL-induced hypertrophy of the adre-
nocortical cells than adult animals. Since the
estimate of the adrenocortical cell area is
indirect, it is not possible to correlate the
increase in adrenal weight observed in treated
animals with the increase in adrenocortical
cell area. Nevertheless, it is clear that the
increase in the adrenal weight of treated
animals was more robust in adult rats com-
pared to their respective control.

The reduction in the number of “clear
cells” may have been due to stimulation of
the adrenals by elevated PRL levels in treated
animals.

There were no differences in serum PRL
levels between young animals treated with
domperidone for 15 days or for 30 days. This
shows that domperidone is not able to in-
duce a major increase in serum PRL levels in
young rats as it does in adult male rats. Since
it is known that stress can rapidly increase
serum PRL levels (26,27), perhaps the stress
in these young animals is not effective in
additionally increasing the levels of PRL. In
prepubertal rats, the hyperprolactinemic re-
sponse to domperidone was only evident in
the animals treated for 30 and 60 days.
Domperidone-induced hyperprolactinemia
was even more evident in adult animals
treated for 60 days. This suggests a role of
sexual steroid hormones in the mechanism
of hyperprolactinemia and, eventually, in
the adrenal response to these stimuli. On the
other hand, the response of postpubertal rats
to short- and long-term treatment was about
the same. These data suggest that young are

less responsive to hyperprolactinemia than
adult animals treated for the same period of
time (i.e., 15 and 30 days).

It is known that in male rats testosterone
reduces the adrenal weight and the volume
of the adrenocortical cell nuclei (27). Fur-
thermore, the increase in testosterone causes
a reduction in serum ACTH levels (16),
while testosterone injections in intact male
rats inhibit ACTH secretion (28). Long-term

Figure 1 - Effect of domperidone administration on the zona fasciculata of rat
adrenal glands. The rats were treated with 4.0 mg/kg domperidone sc for 60 days.
The large number of vacuoles in the untreated control (A) was reduced by
domperidone treatment (B). Bar = 10.28 µm.

A

B
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hyperprolactinemia (i.e., 30 days) results in
a decrease in serum testosterone levels in
adult male rats (29,30). PRL stimulates the
activity of 5 α-reductase leading to a de-
crease in testosterone production. Thus, it is
reasonable to assume that the effect of hy-
perprolactinemia was more important than

the inhibitory action of testosterone and the
increase observed in the adrenals of treated
rats is consistent with the role of high PRL
levels. Therefore, the domperidone-induced
adrenal hypertrophy was probably due to a
gonadal steroid-dependent drug-induced hy-
perprolactinemia.
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