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Summary____________________________________________________________________

The mouse kidneys are enlarged after the administration of thyroxine and this
influence is not mediated through androgens. The administration of thyroxine
increased the weight of the adrenals and the level of plasma corticosterone.
Besides the direct effect of the thyroid hormones on the kidney, our findings
indicate that the excess of triiodothyronine and thyroxine stimulates the activity
of adrenals indirectly and evokes hyperadrenocorticism which could be related to
the action of adrenal steroids on kidney function and kidney growth. In
accordance with the above mentioned hypothesis it has been shown that
aminoghr ethimide, a potent blocker of adrenal steroidogenesis, decreases the
level of plasma corticosterone and inhibits the enlargement of the kidney in
hyperthyroid mice in spite of the high serum thyroxine values.
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Introduction

Renal growth is influenced by many hormonal and nutritional factors
(Nomura et aL 1985). The thyroid hormone has been reported to stimulate renal
growth as judged by an increase in organ weight, DNA synthesis and mitotic activity
(Pacovsky 1959, Bradley et al 1974, Stephan et al. 1982). Kidney weight is decreased
more by thyroidectomy than by castration (Kochakian et al. 1954). Renal
compensatory hypertrophy occurs after uninephrectomy in the hypothyroid rat but it
is impaired when compared to renal compensatory hypertrophy occurring in
euthyroid controls. The mechanism of the renotrophic action of thyroxine is
complex and several factors are probably involved. There is an evidence from
animal studies that the excess of circulating thyroid hormones results in adrenal
enlargement (Peterson 1958).
The aim of the present study was to demonstrate whether there is any
association between kidney and adrenal weight in the presence of hyperthyroidism
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due to administration of thyroxine and whether corticosterone affects the
enlargement of the kidney.
M aterial and M ethods
Studies were performed on male mice of the H strain (Velaz, Prague). Animals were fed
a standard laboratory diet (Velaz, Prague) containing 23 % protein and water ad libitum and were kept
in an indirectly illuminated room with controlled temperature (24 ±2 °C). The animals were divided
into six groups of 8 animals each: 1. intact animals, 2. 21 days castrated animals, 3. intact animals fed
L-thyroxine for 21 days, 4. 21 days castrated mice fed L-thyroxine for 21 days, 5. intact animals fed
L-thyroxine and aminoglutéthimide for 21 days, 6. intact animals fed aminoglutéthimide for 21 days.
L-thyroxine (Henning Berlin) and aminoglutéthimide (alpha-ethyl-alpha-p-amino-phenyl-glutarimide),
Eiipten R, CIBA, were mixed to a diet in a dose of about 5 ¿ig/mouse/day of thyroxine and
20 rog/mouse/day of aminoglutéthimide. The animals were weighed before and after the experiment
and their food consumption was measured daily. No scraps were left so that amounts of the drug eaten
corresponded to the dose of thyroxine and aminoglutéthimide indicated above. At the end of the
experiment, after 21 days administration of the drug, mice were killed in the morning and the blood
was withdrawn and the adrenals, seminal vesicles and kidneys were removed, cleaned and weighed on
a Roller-Smith torsion balance. Kidneys were immediately placed in ice-cold 0.4 mol/1 perchloric acid
and homogenized in a Potter-Elvehjem homogenizer. The total nucleic acids were determined using
the method of De Deken-Grenson and De Deken (1959). DNA was determined
spectrophotometrically (Burton 1956). For estimation of DNA we used a standard from Lachema Brno
(purified from fish sperm). RNA was determined by subtraction of the DNA value from the total
nucleic acid value. Serum level of thyroxine and triiodothyronine were measured by RIA using a kit
made by URVJT Košice (Czechoslovakia). The concentration of corticosterone in the plasma was
determined by the RIA method (Mihaly et al. 1982).
The results are presented as means ± S.D. Significant differences between groups were
determined by analysis of variance, followed by Duncan’s multiple range test (Duncan 1955).
Results

Intact and castrated mice with experimental hyperthyroidism had
significantly higher blood thyroxine and triiodothyronine concentrations than intact
or castrated animals without thyroxine. The administration of aminoglutéthimide to
intact mice caused a significant decrease of blood thyroxine in comparison with
intact animals. However, the simultaneous administration of aminoglutéthimide
with thyroxine increased the serum thyroxine concentration above the levels seen in
both intact animals and mice with experimental hyperthyroidism (Tab. 1).
The administration of thyroxine was followed by an increase in plasma
corticosterone in intact and castrated mice. A significant decrease in plasma
corticosterone was observed after administration of aminoglutéthimide.
Simultaneous administration of thyroxine and aminoglutéthimide completely
inhibited the effect of thyroxine on plasma corticosterone levels (Tab. 1).
Castration of male mice produced the expected decrease in weight and RNA
content of the mouse kidney (Tab. 2). The induction of hyperthyroidism in mice
during 21 days after castration caused a significant increase of the weight and RNA
content of the kidney as compared with castrated animals without thyroxine. The
increase in weight of the kidney in intact mice after thyroxine administration was
accompanied by a proportional increase in RNA. The kidney DNA content rose by
only 9 %. The administration of aminoglutéthimide to intact animals significantly
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Table 1
The adrenal weight and blood thyroxine, triiodothyronine and corticosterone in intact
and castrated mice with and without thyroxine or aminoglutéthimide
Adrenals
mg/100 g b.w.

Corticosterone Thyroxine
nmol/1 plasma nmol/1 serum

Triiodothyronine
nmol/1 serum

3. Intact
+ Thyroxine
4. Castrate
+ Thyroxine
5. Intact
+ Thyroxine

12.4±1
3,4,5,6
12.7+2
3,4,5,6
17.5 ±1
1,2,5,6
23.6±6
12,5,6
37.9±7
1,2,3,4,6

228.2+115
3,4,6
208.0±80
3,4,6
439.1+161
1,2,6
430.5 ±109
1,2,6
225.0 ±112
3,4,6

59.9±7.9
3,4,5,6
57.6±6.8
3,4,5,6
167.3 ±43.3
1,2,5,6
169.3 ±37.2
12,5,6
296.0 ±5.7
1,2,3,4,6

1.99 ±0.5
3,4,5,6
1.80 ±0.6
3,4,5,6
5.63 ±3.5
1,2,5,6
5.65 ±3.3
1,2,5,6
9.30 ±1.4
1,2,3,4,6

6. Intact
+ Aminoglutéthimide

26.8+3
1,2,3,5

138.6 ±66
1,2,3,4,5

42.0 ±5.3
1,2,3,4,5

1.24±0.6
1,2,3,4,5

1. Intact
2. Castrate

Mean values ± S.D.; the numbers of groups with significantly different means (p < ft 01) are given in italics

Table 2
The body weight, kidney and seminal vesicle relative weights, RNA and DNA content of
the kidneys in intact and castrated mice with and without thyroxine or
aminoglutéthimide
Body
g
1. Intact

40.3
6
40.2

2. Castrate
3. Intact
+ Thyroxine
4. Castrate
+ Thyroxine
5. Intact
+ Thyroxine

37.7
39.7
39.3

6. Intact
36.2
+ Aminoglutéthimide 1

mg/lOOgb.w.

RNA
mg

1873±112
2,3,4,5,6
1161+59
1,3,4,5
2323 ±134
12,4,5,6
1572 ±73
1,2,3
1602±137
1,2,3,6

3.34±0.3
2,3,4,5,6
1.50 ±0.1
1,3,4,5
3.98 ±0.4
12,4,5,6
2.40 ±0.2
1,2,3,6
2.44 ±0.3
1,2,3,6

1466±105
1,3,5

1.57 ±0.3
13,4,5

DNA
mg

Seminal vesicle
mg/100 g b.w.

2.78 ±0.3

4.24±0.48
2,4,6
0.56 ±0.03
1,3,5,6
4.30 ±0.42
2,4,6
0.61 ±0.08
1,3,5,6
4.26 ±0.28
2,4

2.48 ±0.1
3.02 ±0.4
2.70 ±0.2
2.78 ±0.2
2.55 ±0.3

3.03 ±0.47
1,2,3,4

± S.D.; the numbers of groups with significantly different means (p<0.01) are given in italic
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decreased the weight of kidneys by 23 % as compared with the controls. The RNA
content of the kidney was affected in a similar way as the weight. Morphological
observations made under a light microscope revealed no structural differences
between intact and aminoglutethimide-treated kidneys. The simultaneous
administration of aminoglutéthimide and thyroxine completely inhibited the effect
of thyroxine on kidney growth and RNA content (Tab. 2).
The induction of hyperthyroidism in castrated and intact mice significantly
increased the weight of the adrenals. As anticipated adrenal weight rose markedly
after aminoglutéthimide. A further increase of the weight of adrenals was observed
after the simultaneous administration of aminoglutéthimide and thyroxine (Tab. 1).
Discussion

Thyroxine-induced hypermetabolism is followed by a general tissue
proteocatabolic reaction. The only organs the size of which increases are the
adrenals, the kidney and the heart (Schreiber et al. 1985). Our results in intact
thyreotoxic mice confirm earlier findings which showed significant kidney growth in
rats with experimental hyperthyroidism (Kochakian et al. 1954, Bradley et al. 1974,
Stephan et al. 1982). The influence of thyroxine on kidney is not mediated through
the androgens. Administration of thyroxine produced significant changes in mouse
kidneys in both intact and castrated animals without androgens. The mechanism of
origin of kidney hypertrophy produced by thyroxine is still unknown and several
factors are probably involved. Thyroid hormones act directly on the nuclei of
sensitive cells to regulate protein synthesis and growth and stimulate sodium
reabsorption in the proximal tubule and in Henle’s loop (Somjen et al. 1981). In the
kidney triiodothyronine binds to nuclear receptors, modulate RNA and protein
synthesis and enhances tubular reabsorption of sodium (Murayama et al. 1985).
The administration of thyroxine in our experiments was foliowed by an
increase in the weight of the adrenals and increased levels of plasma corticosterone.
Hypermetabolism due to the administration of thyroxine is a chronic stress situation
which was shown to activate the brain-pituitary unit and decrease its sensitivity to
corticosteroid feedback inhibition, so that high ACTH and corticosterone levels can
be maintained throughout the period of stimulation (Keller-Wood and Dallman
1984). It was shown that an intact pituitary is necessary for obtaining adrenal
hypertrophy following thyroid administration in animals (Peterson 1958). This
observation would also seem to rule out the possibility that an excess of circulating
thyroid hormone acts directly on the adrenal cortex to increase cortical secretion
independently of the pituitary. An excess of adrenal steroids increases sodium
reabsorption and potassium secretion both being due to active transport
(Wright 1977). There is evidence that glucocorticoids (Bates and Garrison 1974)
and mineralocorticoids (Moraski 1966) stimulate renal growth as judged by the
increased weight of this organ. High plasma corticosterone level in our mice treated
with thyroxine could be related to the action of adrenal steroids on kidney function
and growth. The fact that aminoglutéthimide, a potent blocker of adrenal
steroidogenesis, in spite of a high blood thyroxine, decreases the plasma
corticosterone and inhibits enlargement of the kidney in hyperthyroid mice, is in
accordance with the above mentioned theory. There is no doubt that
aminoglutéthimide inhibits the renal growth reaction to administration of thyroxine,
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but it is not certain whether the inhibition of adrenal steroidogenesis is the only
route. Inhibition of steroidogenesis in the testes (Broulik and Stárka 1980) is
another possibility for explaining of aminoglutéthimide action. However, in our
experiments administration of thyroxine completely restored the decrease in the
weight of seminal vesicles induced by aminoglutéthimide administration.
Aminoglutéthimide is a goitrogen and decreases plasma thyroxine and
triiodothyronine levels (Gower 1974). High plasma thyroxine and triiodothyronine
levels after simultaneous administration of aminoglutéthimide and thyroxine to
intact animals are due to the action of aminoglutéthimide which decreases the rate
of thyroxine and triiodothyronine turnover.
Besides demonstrating a direct effect of thyroid hormones on the kidney our
findings indicate that excess of triiodothyronine and thyroxine indirectly stimulates
the activity of adrenals and evokes hyperadrenocorticism which could be related to
the action of adrenal steroids on kidney function and kidney growth. Whether this is
a parallel reaction of the two organs to hyperthyroidism or whether it is a causal
relationship between adrenal and kidney hypertrophy deserves further investigation.
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