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Summary

Somatotropin treatment does not stimulate body growth in guinea-pigs, wheres it is effective in stimulation of
both cytosolic and nuclear uterine ooestradiol receptor concentration in the animals fed optimum amounts of
ascorbic acid. Toc determine whether this effect of somatotropin is ascorbic acid-dependent, guinea-pigs of
9 weeks of age with marginal vitamin C deficiency were treated with either recombinant bovine somatotropin
(bST; 0.5 mg per animal) or vehicle for 10 days. The amount of available cytosolic ooestradiol receptor per unit
of uterine weight, the DNA content, or in whole uteri was increased in somatotropin-treated animals (3.3 to 5.9-
fold) compared to controls. However, the nuclear uterine oestradiol receptor concentration was not increased.
The dissociation constant values were significantly higher in the cytosol (control: 2.79, bST-treated: 2.66) than in
the nuclear fraction (control: 1.76, bST-treated: 1.80) and did not differ between control and bST treated
animals. The results of this investigation demonstrate that guinea-pigs with marginal vitamin C deficiency provide
a suitable model for studying the effect of vitamin C on somatotropin action. The possible synergistic action of

ascorbic acid on uterine action of somatotropin is discussed.
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Introduction

The metabolic effects of ascorbic acid are not
entirely known. However, the number of biological
reactions in which ascorbic acid has been shown to play
a role is increasing rapidly. It is essential as a coenzyme
in certain oxidative-reductive processes, and it is also
essential in hydroxylating systems. The activities of
amidases, proteases, glycosidases, peroxidases,
esterases, arginase, papain, liver esterase, catalase and
catepsin are increased while the activities of urease, f-
amylasc and lipase arc decreased. A synergistic
relationship to other vitamins was proved for vitamin
A, E, K, Bg, By, folic acid and pantothenic acid. The
relationships to steroid hormones, catecholamines,
serotonin, thyroxine, FSH, LH, ACTH and to the
synergistic action of ascorbic acid with somatotropin in
growth regulation were demonstrated (Tsai and
Vaughan 1972, Kutsky 1973, Robinson et al. 1973, Tsai
et al. 1973, Brander 1982, Ginter 1989). The synergistic
relationship of ascorbic acid to the growth-promoting
actions of somatotropin can be expected in primates
but not in guinea-pigs, as somatotropin does not act as

a body growth-promoting hormone in this species
(Mitchell et al. 1954). However, the relationship
between the somatotropin action and ascorbic acid can
be studied on the basis of our previous experiments
that provided evidence for an unusual function of
somatotropin in the guinea-pig uterine tissue. Bovine
somatotropin (bST) increased the concentration of
both cytosolic and nuclear ooestradiol receptors in the
uterine tissue but not in the mammary glands (Bezeeny
et al. 1992). The aim of the present study was to
measure the effect of bST on uterine ooestradiol
receptor levels in vitamin C-deficient guinea-pigs.

Methods

Animals and hormone treatments

Mixed strains of guinea-pigs were obtained
from a commercial breeder (Velaz, Prague, Czech
Republic). Animals were housed in cages (five animals
per cage) in a room with controlled temperature
(23+2°C) under 12 h light and 12 h darkness. The
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animals were allowed to adapt to these housing
conditions and to a marginal vitamin C-deficient dict
for 3 to 4 weeks before the experiment. The following
model of marginal vitamin C deficiency was used. The
diet for guinea-pigs was gradually (during 7 days)
changed to Lunde’s diet (Hanke 1943) modified
according to Ginther (1964) (Table 1). The guinea-pigs
were kept on the vitamin C-free Lunde’s diet for 2
weeks. This reduced the ascorbate levels in animals’
tissues, although vitamin C deficiency was not yet
clinically manifest. Then a maintenance dose of
ascorbic acid (0.5 mg/kg/day dissolved in 1 ml of
water) was applied through a stomach tube. Drinking
water was available ad libitum. The body weight gains
and behaviour of marginally deficient guinea-pigs were
the same as those of age-matched animals but fed the
guinea-pig pelleted diet (MOK; Velaz, Lysd nad
Labem, Czech Republic) supplemented with fresh
green grass (Bezeeny ef al. 1992).

Table 1
Composition of vitamin C-deficient diet for guinca-pigs

Ingredient Amount
Oat flakes 2000 g
Bran 800 g
Milk powder 600 g
Butter 400 g
Fish oil Sml
Vitamin B supplement!  0.55 ¢
NaCl 400 g
Mincral supplement? 20g

Iy Vitamin B supplement  contained thiamine
hydrochloride (40 mg), riboflavin (40 mg), pyridoxine
hydrochloride (20 mg), pantothenic acid (calcium salt,
60 mg), nicotinamide (400 mg).

2)  Mineral supplement contained MgSOy4. 7TH>0
(27.8g8), CaCO3z (526 g), NarHPO4 (16.65 g),
K>CO3. 1.5H>0 (55.9 g), FeCl3 (1.64 g), MnSOy4. SH20
(30 mg), KI (7.8 mg), NaF (9.7 mg), KAI(SOy4)> . 12H>0
(9.4 mg), citric acid (43.3 g).

Female guinea-pigs were treated s.c. daily for
10 days, beginning at 9 weeks of age, with vehicle
(control; 5 animals) or recombinant  bovine
somatotropin (bST; S animals, 0.5 mg per animal). The
hormone was supplied by Eli Lilly, Indianapolis, IN,
U.S.A. The animals were killed by decapitation 24 h
after the 10th hormone or vehicle injection.

Preparation of tissue cytosolic and nuclear fractions
Uterine tissue was homogenized in  liquid
nitrogen and the homogenate was diluted with buffer:
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Tris-HCl (20 mmol/l), EDTA (2 mmol/l),
dithiothreitol  (0.05 mmol/l; Calbiochem, Luzerne,
Switzerland), sodium molybdate (10 mmol/l), gelatin
(0.1 % w/v), glycerol (10 % v/v), pH 7.4. The
homogenate was centrifuged at 100 000 x g at 4 °C for
60 min and the supernatant (cytosol) was removed. The
pellet was washed three times by vigorous resuspension
in buffer and centrifuged at 1000 x g for 10 min at 4 °C.
The final pellet (nuclear fraction) was resuspended in
the same volume of buffer as the original homogenate.

Steroids

(H)ooestradiol (Amersham  International,
Amersham, U K.; specific activity 1.89 TBq/mmol) was
purified by Scphadex LH-20 (Pharmacia, Uppsala,
Sweden) column chromatography (70x10 mm) using a
benzene-methanol (9:1, v/v) solvent system. The
ooestradiol fraction was dried under N> and then
dissolved in methanol and stored at -20 °C until use.
Radioactive ooestradiol was diluted with a buffer to the
appropriate activity (approx. 10° d.p.m./ml) from
which serial dilutions (0.1-6 nmol/l) were prepared
for the determination of displaceable binding. Non-
radioactive ooestradiol and diethylstilbestrol (DES)
were obtained from Koch-Light Laboratories,
Colnbrook, U.K.

Determination of (*H)ooestradiol binding

(PH)ooestradiol solutions, with or without
DES (100 ul), were introduced into plastic tubes and
the cytosolic and nuclear fractions (100 ul) were added
and incubated at 4 °C for 18-20 h. After incubation,
unbound steroid was removed using dextran-coated
charcoal for the cytosolic fraction and buffer washings
of nuclear suspensions as has been described previously
(Bezecny et al. 1992). The binding data were analyzed
according to Scatchard (1949) and the dissociation
constant ( Kg) and the number of receptor binding
sites were calculated. All the data presented on specific
binding were obtained following subtraction of the
non-specific binding from total binding, as described by
Chamnes and McGuire (1975). Non-specific binding
was calculated from samples containing a 100-fold
excess of non-labelled DES.

Protein, RNA and DNA determination

The tissue and cytosolic protein contents were
determined by the method of Lowry et al. (1951) using
bovine serum albumin (fraction V; Armour, Kankakee,
IL, US.A.) as the standard. DNA concentrations were
estimated with indole by a modified method as
described by Urbanova et al. (1985).

Statistical analysis

Values arc expressed as means + S.EM.
Statistical differences between treated and control
animals were estimated by Student’s t-test. Values were
considered to be significantly different when P <0.05.
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Results

The dose of ascorbic acid (0.5 mg/kg/day)
maintained the relative body weight gains at a level of
22 to 28 % which is the range of growth found in
animals of the same age but fed the diet supplemented
with vitamin C by feeding fresh grass and cabbage
(Bezecny et al. 1992). However, the low maintenance
dose of ascorbic acid did not prevent the incidence of
subcutaneous haemorrhage at the site of injection in
both control and bST-treated animals.

Table 2

Effect of bovine somatotropin (bST) on ooestradiol
receptor levels in the uterine tissue from female
guinea-pigs with vitamin C deficiency. The guinea-pigs
were treated s.c. daily for 10 days, beginning at 9 wecks
of age with vehicle (control) or recombinant bST
(0.5 mg per animal) and killed 24 h after the 10th
injection.

Control bST

Uterine cytosol oestradiol receptor

(fmol/g tissue) 2478+163 4693+310

(fmol/mg DNA) 176+ 104 654+104

(fmol/uterus)  2448+263 8076+ 1110
Uterine nuclear oestradiol receptor

(fmol/g tissue) 2488+202 2358+165

(fmol/mg DNA) 173+100 105+16

(fmol/uterus)  2412+178 1288 +175

Values are means *+ S.E.M. from five animals.
P <0.01 when compared to controls.

Table 2 shows that the concentration of
available uterine cytosolic ooestradiol receptor per unit
of uterine weight (fmol/g tissue) or DNA content
(fmol/mg DNA) or per whole uterus (fmol/uterus)
was increased in bST treated animals (3.3 to 5.9-fold)
when compared with the controls. The nuclear
ooestradiol receptor concentration was not affected by
treatment when expressed per gram tissue, but was
lowered when expressed per mg DNA or per uterus.
The Ky values were higher in the cytosol (control:
2.79+0.04 pmol/l; bST-treated: 2.66+0.09 pmol/I)
than in the nuclear fraction (control: 1.76+0.15 pmol/I;
bST treated : 1.80+0.16 pmol/l) but did not differ
between control and bST-treated animals.

Discussion

Scurvy is a metabolically poorly defined state,
complicated by food refusal, drop in body weight,
haemorrhage, etc. In general, multiple actions of
vitamin C deficiency can be divided into those which

Oestrogen Receptor Induction by Somatotropin 417

are specific for only ascorbic acid and those that are
nonspecific, which can be substituted by other
compounds. Thus, acutely scorbutic guinea-pigs are not
a suitable model for studying the specific reactions of
ascorbic acid deficiency. The model of vitamin C
deficiency recommended by Ginter (1978), and slightly
modified in the present experiments by decreasing the
maintenance dose of ascorbic acid from 1mg to
0.5 mg/kg/day has far greater value for biochemical
research. This is because a low ascorbic acid
supplement can maintain the weight gains of young
guinea-pigs at the level which occurs in animals of the
same age but fed a dict rich in vitamin C (Bezeeny et
al. 1992). The incidence of subcutancous haemorhages
at the site of placebo or bST injections suggests that
the dose of ascorbic acid was too low to prevent
haemorhage in the wounded sites.

Responses of cytosolic ooestradiol receptor
(per unit of uterine weight, pcr DNA content or in
whole uteri) to bST treatment were increased in
guinea-pigs with marginal vitamin C deficiency 3.3 to
5.9 times while in animals fed the optimum dose of
ascorbic acid were increased 7.3 to 14.0 times when
compared with the controls. The nuclear uterine
ooestradiol receptor concentration was not affected by
bST treatment in guinea-pigs with marginal vitamin C
deficiency but increased by 3.3 to 6.7 times in animals
fed the optimum dose of ascorbic acid (Bezecny et al.
1992). The reason why somatotropin trecatment
significantly increased the concentration of cytosolic
but not nuclear oestrogen receptors is not known.
According to this new concept, the oestrogen receptor
is a nuclear receptor protein inactivated or bound to
some nuclear constituent. The only time, the receptor
is assumed to be in a soluble state is after its synthesis
and during its transit into the nucleus (Gorski et al.
1984). Perhaps the transit of the receptor to the
nucleus is impaired and/or the association of the
unoccupied receptor in the nucleus is more readily
disturbed during mechanical disruption of cells and cell
fractionation in the uterine tissue of vitamin C-deficient
guinea pigs.

The Ky values did not differ between control
and bST- treated vitamin C-deficient animals. This
suggests that uterine  oestradiol receptors are
regulated by bST through changes in the number of
binding sites rather than by alteration of their binding
affinity, similarly as in normal guinea-pigs (Bezecny et
al. 1992).

The uterine action of somatotropin may
involve interactions with putative somatotropin
receptors in the endometrial epithelium and stroma
and with somatotropin receptors in the myometrium.
Somatotropin may also stimulate uterine production of
insulin-like growth factor I (IGF-I) which, in turn
enhances ooestradiol receptor formation by a paracrine
and/or autocrine mechanism. Uterine actions of IGF-I
produced in response to somatotropin treatment in the
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liver and kidneys cannot be excluded (Phillips and
Vassilopoulou-Sellin 1980). This can be supported by
the fact that DNA synthesis in guinea-pig mammary
explants was highly stimulated by IGF-1 (Skarda,
unpublished results).

In most species, somatotropin enhances the
body growth of young animals and has a wide variety of
metabolic actions in adults. In guinea-pigs, however,
the administration of somatotropin fails to promote
somatic growth in either intact or hypophysectomized
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suggests that growth of any cell type is not directly
stimulated by somatotropin in the guinea-pig.

The induction of uterine ostradiol receptors by
somatotropin in guinea-pigs with marginal vitamin C
deficiency provides a suitable model for studying the
effect of vitamin C on somatotropin action,
independently of its growth-promoting activity.
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