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Summary. The aim of the study was to investigate the
compensatory adrenal growth in aldosterone-treated
male and female hamsters. Hemiadrenalectomised and
sham-operated animals were treated for 5 days with a
daily d-aldosterone dose of 25 pg/animal.

In both male and female aldosterone-treated hams-
ters monoadrenalectomy did not change the relative
adrenal weight if compared with sham-operated groups.
The fasciculata zonae of monoadrenalectomised aldos-
terone-treated males was larger and contained more
parenchymal cells than in appropriate control group.
There was no difference in the volume of adrenocortical
zones, average cell volume and in cell number between
sham-operated and unilaterally adrenalectomised fema-
les. In vitro *H-thymidine incorporation per adrenal was
markedly higher in monoadrenalectomised than in
sham-operated aldosterone-treated males while the
opposite was true for female hamsters.

Thus, the action of aldosterone on CAG in the
hamster seems to depend on sex, with no effect in males
and inhibitory action in females.
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Introduction

The following types of adrenal cortex growth in vivo
are presently recognized: normal growth of the gland
with age, growth connected with sustained elevated
ACTH levels, regeneration of the cortex after enuclea-
tion and compensatory adrenal growth evoked by unila-
teral adrenalectomy (Dallman, 1984-85). A growing
body of evidence indicates that each of them is controlled
by different factors, mainly of hormonal and neural
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origin. However, involvement of growth factors in these
processes must also be considered.

By definition, compensatory adrenal growth (CAG)
is the growth seen in the remaining adrenal of unila-
terally adrenalectomised animals, relative to an animal
with two adrenals (Phillips et al., 1985). The mechanisms
controlling this growth are still unknown. It was gene-
rally believed that removal of one adrenal resulted in a
decrease in plasma corticoid levels followed by increased
pituitary ACTH secretion which in turn was responsible
for CAG of solitary adrenal (Tepperman et al., 1943).

However, CAG does occur in hypophysectomised-or
dexamethasone-treated rats and hamsters (Engeland et
al., 1975; Dallman et al., 1980; Grizzle and Dunlap,
1984; Dunlap and Grizzle, 1984). Recent studies indicate
that CAG is a neurally mediated reflex, at least in part.
As demonstrated by Dallman and coworkers, a neural
arc comprised of afferents from one adrenal, of integra-
tion in the ventral hypothalamus, and of efferents to the
contralateral gland is necessary for CAG (Engeland and
Dallman, 1975, 1976; Dallman et al., 1976; Holzwarth
and Dallman, 1979).

Moreover, Kleitman and Holzwarth (1985) provided
evidence that sympathetic nervous system mediates the
adrenocortical cell proliferation that occurs after
monoadrenalectomy.

Regarding the known effects of proopiomelanocortin
(POMC)-derived peptides on proliferation, growth and
differentiated function of adrenocortical cells Lowry
et al. (1983) suggest that the N-terminus of POMC
(N-POC) (1-74) is enzymically cleaved in the adrenals
into two peptides: N-POC (1-48/49) with a mitogenic
effects; and N-POC (51-74) or y;-MSH with hypertro-
phic effect. Lowry et al. (1983) hypothetised that
unilateral adrenalectomy stimulated, via the neural arc,
the activity of an enzyme responsible for a cleavage of
N-POC (1-74). Some experimental data support this
hypothesis which explains the hormonal and neural
interplay in the control of adrenocortical growth and
function.
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Some recent data indicate that mineralocorticosteroids,
mainly aldosterone, do modify the CAG in the rat and
hamster (Dunlap and Grizzle, 1984; Grizzle and Dunlap,
1984). As shown previously, dexamethasone effect on
unilateral andrenalectomy-induced CAG depends on
the sex of hamster (Kasprazak and Malendowicz, 1988)
and the aim of the present study was to investigate the
aldosterone influence on CAG in the male and female
hamsters with special emphasis on cellular aspects of this
process.

Materials and methods

Adult hamsters (Mesocricetus auratus, Waterhouse)
were employed in the study. They were maintained
under standardized conditions of light (14L: 10D) and
temperature (22 * 2° C) and laboratory pellets with the
addition of fresh vegetables and tap water were available
ad libitum.

A left adrenalectomy was performed by dorsal
approach under a light ether anaesthesia. Sham opera-
tion was performed in similar manner but the adrenal
gland was not touched. All animals were treated for 5
days with daily s.c. injection of 25ug aldosterone/hamster
(d-Aldosterone, Sigma), the first injection was made
within 1 h after surgery.

24 h after the last injection animals were decapitated,
adrenals promptly removed, freed of adherent adipose
tissue and weighed.

Stereologic methods

Adrenals were fixed for 24 h in Bouin’s solution,
embedded in paraffin and serially sectioned at 5-6 pm.
Hematoxylin and eosin stained sections were evaluated
stereologically as described by Weibel (1979). Detailed
procedure of measurements was published earlier
(Kasprzak et al., 1988). By stereologic methods the
following parameters were evaluated: volume of parti-
cular adrenocortical zones, average volume of parenchy-

15 1]7/
10- % .?.'/i'
kR

7 % 6 é

Fig.2 | M M F_F

Fig. 2. Relative left adrenal gland weight (mg/100 g body weight) of
male and female hamsters. Adrenals were removed at the time of
monoadrenalectomy (stripped bars) and from sham-operated
animals treated for 5 days with aldosterone (open bars). Vertical lines
represent = SE. M-male hamsters; F - female hamsters; number of
animals in the group is shown in each bar. The only statistically
significant differences was found between adrenal of male and female
hamsters (Student’s t-test ® ® ® - p < 0.001).

mal cell in particular adrenocortical zones and the
number of adrenocortical cells in the zones and in the
entire cortex.

In vitro 3H-thymidine incorporation
The method applied was similar to that described by

Dallman et al. (1980). The details are given elsewhere
(Kasprzak et al., 1988).
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Fig. 1. Relative right adrenal gland weight (mg/100 g body weight) of hemiadrenalectomised (stripped bars) and sham-operated (open bars) male
and female aldosterone-treated hamsters. Results of 3 independent experiments are shown. Vertical lines represent + SE. M-male hamsters; F -
female hamsters; number of animals in the group is shown in each bar. Statistical evaluation of differences by Student’s t-test. Comparisons were
made between hemiadrenalectomised and sham-operated animals of the same sex (no statistically significant differences) and between sham-

operated male and female hamsters (marked above female group).
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Table 1. The effects of monolateral adrenalectomy and aldosterone treatment on the weight of the right adrenal gland, volume of adrenocortical zones,
average volume of adrenocortical cells, number of adrenocortical cell and on in vitro *H-thymidine incorporation by the gland of the male and female hamster.

Results expressed as mean * SE.

Males Females
S HA S HA
n 8 7 9 8
Body weight (g) 92t5 96*2 1117 1074
Adrenal weight (mg) 125%0.9 141105 10.4%0.8 10.3%0.9
” " (mg/100¢g) 13.7£0.9 147105 9.3+0.5¢ 9.6*0.8
Volume of the zones (mmd)
zona glomerulosa 1.394 £0.100 1.408+0.333 1.220 £ 0.095 1.075%0.096
zonafasciculata 7.12910.512 8.475+ 0.305° 5.139 £ 0.38¢9° 5.242 0.479
zonareticularis 2.047 £0.147 2.096 + 0.075 1.750%0.132 1.931£0.173
Volume of cell (um?)
zona glomeruiosa 1072 £ 62 1038+ 48 1150 £ 56 1051+ 38
zonafasciculata 1988 £ 91 1885178 1655 * 962 1852186
zonareticularis 1191+ 53 1169 £ 37 852+ 274 890 * 21
Number of parenchymal cells (1 x 10%)
zona glomerulosa 1272.5£91.5 1474.3£53.0 1034.8£81.0 990.4 = 88.6
zonafasciculata 3571.2£256.7 4473.0 £ 160.8° 3066.3+231.9 2765.4+252.8
zonareticularis 1676.8 120.4 1691.8 £ 60.7 1946.0 £ 147 1 2112.3+188.8
total 6520.5 + 468.7 7639.0*274.5 6047.2 £ 458.2 5868.1 £530.2
3H-thymidine incorporation CH-CPM)
permg 9.8+0.7 23.3*3.44 24.0*+1.8¢ 18.4%£22
per adrenal 122.4%8.8 329.5+11.8¢ 248.51+19.49 188.6 £ 16.92

n = number of animals; in case of cell volume and *H-thymidine studies in each group n = 7; S = sham-operated; HA = hemiadrenalectomised. Statistical
analysis of differences by Student’s t test: a = p<0.05; b = p < 0.02; ¢ = 0.01; d = p< 0.001 {(HA versus S group and S females versus S males).

Results from individual hamsters were averaged per
group and standard error of the mean calculated. Diffe-
rences in means of the monoadrenalectomised and sham
groups and between sham males and sham females were
analysed using the Student’s one-tailed t-test.

Results

In all three experiments with male and female
aldosterone-administered hamsters unilateral adrenalec-
tomy did not change the relative weight of the solitary
adrenal gland. In all cases the relative weight of the
right adrenal gland of sham-operated aldosterone-
treated females was lower than in males (Fig. 1).
Comparison of the relative adrenal weight of the
left gland removed at the time of monoadrenalectomy
with the weight of the left gland of sham-operated
aldosterone-treated hamsters revealed no difference
and suggested that within 5 days aldosterone doses
applied did not change the weight of the gland per se

(Fig. 2).

The fasciculata zonae of monoadrenalectomised aldos-
terone-treated males was larger and contained more
parenchymal cells than in appropriate control group
(Table 1). All the remaining stercologic parameters
studied did not show differences between both groups of
male hamster. ‘H-thymidine incorporation was
markedly higher in monoadrenalectomised than in
sham-operated aldosterone-treated males.

In aldosterone-administered female hamsters there
was no difference in the volume of adrenocortical zones,
average cell volume or in cell number between sham-
operated and unilaterally adrenalectomised groups.
However in this case *H-thymidine incorporation per
gland was lower in hemiadrenalectomised than in sham-
operated animals.

If compared in sham-operated aldosterone-treated
hamsters, the relative adrenal gland weight, volume of
the zona fasciculata, average volume of fasciculata and
reticularis cells all were lower in females than males,
while the opposite was true for *H-thymidine incorpo-
ration.
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Discussion

Structure and function of hamster adrenal cortex
differs in several aspects from that of other rodents. The
gland is almost completly devoid of lipid droplets and
stored cholesterol esters, and it secretes cortisol as a
principal glucocorticosteroid. In this species biosynthesis
of steroid hormones depends mainly on intraadrenal
synthesis of cholesterol from small molecules of substra-
te and corticoid secretion rate is lower than in other
mammals (Frenkel et al., 1965; Lehoux and Lefebvre,
1980; Jansen and Birkenhagen, 1981; Malendowicz and
Nussdorfer, 1984; Spady and Dietschy, 1985; Albers et
al., 1985; Iwaki et al., 1985).

Unlike in rats, adrenals of the male hamster are larger
and secrete more cortisol than in females, the differences
depending on stimulatory action of testosterone on
hypothalamo-pituitary-adrenal cortex-liver axis of the
hamster (Gaskin and Kitay, 1970, 1971; Malendowicz et
al., 1982a,b; Malendowicz and Nussdorfer, 1984;
Nikicicz et al., 1984a,b). As shown in the present study,
some of these sex-related differencesin the structure and
function of the gland are also seen in aldosterone-treated
sham-operated hamsters.

The occurrence of unilateral adrenalectomy-induced
CAG in the hamster is a subject of considerable dispute.
The most frequently used parameter depicting CAG in
this species is the weight of the gland; however, due to
great variations in adrenal weight of hamsters of
comparable size and age this parameter is of minor
importance.

The increase in adrenal gland weight due to
hemiadrenalectomy was observed only in some reports
(Yonetsu, 1966; Dunlap and Grizzle, 1984; Kasprzak et
al., 1988) while others did not find such changes (Reiter
and Hoftman, 1967; Kasprzak and Malendowicz, 1985,
1988; Nowak et al., 1989). Therefore, the others
parameters depicting CAG in the hamster are required.
As early as in 1967 Reiter and Hoffman found a marked
increase in the number of cells in the S-phase of the cell
cycle in the solitary adrenal of hemiadrenalectomised
male hamsters. On the other hand, Yonetsu (1966)
observed ultrastructural features of hypertrophy of the
zona fasciculata cells of monoadrenalectomised male
hamsters. Our experiences show that estimation of the
average cell volume by means of sterology gave very
useful data characterizing CAG in the hamster. The
response of the solitary adrenal in the hamster to
monoadrenalectomy depends on sex. In the male, cells
of the zona fasciculata undergo hypertrophy while in the
female reticularis cells enlarge and these cellular
alterations are independent of changes in the weight of
the solitary adrenal gland (Kasprzak and Malendowicz,
1985; Kasprzak et al., 1988; Nowak et al., 1989).
Moreover, the modulatory effect of dexamethasone on
CAG in the hamster is a sex depending event (Kasprzak
and Malendowicz, 1988).

Estimating the changes in the weight of decapsulated
adrenal gland of the male hamsters, Dunlap and Grizzle
(1984) found that administration of either aldosterone

alone or in combination with dexamethasone and ACTH
completely blocked CAG after monoadrenalectomy.

Similar results have been reported for intact or
hypophysectomised male rats (Grizzle and Dunlap,
1984).

On the other hand Phillips et al. (1985) reported that
in both male and female rats aldosterone did not change
CAG evaluated by alterations in adrenal gland weight.
Results of present study did not totally support the
findings of Dunlap and Grizzle (1984) on inhibitory
effect of aldosterone on CAG in the male hamster.
Although in male hamsters treated with aldosterone the
adrenal gland weight of monoadrenalectomised animals
did not differ from sham-operated ones, this parameter
does not adequately characterize CAG in the species
studied. On the other hand, a marked increase in *H-thy-
midine incorporation was found in adrenals of hemiadre-
nalectomised aldosterone-treated male hamsters, an
effect paralelled by an increase in the number of
fasciculata cells and with tendency to an increase in the
number of parenchymal cells in the entire gland. Under
these conditions increased proliferative activity of
adrenal cortex can be responsible for a lack of enlarge-
ment of fasciculata cells like that observed in non-treated
monoadrenalectomised male hamsters (Kasprzak and
Malendowicz, 1985; Kasprzak et al., 1988; Nowak et
al., 1989).

The opposite conclusion may be drawn from experi-
ments with aldosterone-treated female hamsters. A
significant drop in *H-thymidine incorporation by the
gland and a lack of enlargement of reticularis cells in
monoadrenalectomised-females suggest the inhibitory
action of aldosterone on CAG in the female hamsters.
Thus the action of aldosterone on CAG in the hamster
seems to depend on sex, with inhibitory action in
females.

The mechanism of aldosterone action on CAG is not
clear and Grizzle and Dunlap (1984) suggest that this
mineralocorticoid acts either directly on adrenals or via
intracranial type 1 receptors that bind aldosterone;
however, studies of Phillips et al. (1985) do not support
these hypotheses.
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