1472

Triton X-100-toluene (1:2) scintillation solution. The
radioactivity of the mixture was denoted by A,. Then 0.5 ml
of 50 mM EDTA plus 0.2 ml of 50% trichloracetic acid were
added to the rest of each sample. This mixture was centri-
fuged and 1 ml of supernatant was added to 10 ml of the
scintiliation solution mentioned above. The radioactivity of
that mixture was denoted by A, The radioactivity was
measured with the liquid scintillation counter SL-4200
(Intertechnique). The data are presented as mean+ SE. The
statistical significance of the difference between means was
assessed by Student’s t-test; p-value less than 0.05 was
considered significant.

A, is a specific radioactivity, i.e. the radioactivity of 1 ml of
supernatant of the mixture with EDTA and TCA (the total
volume of this mixture is 1.4 ml); it does not differ from the
specific radioactivity of the remainder, as we have found,
therefore the total radioactivity A of each sample was
calculated according to the formula: A=A+ 1.4 A,.
Results and discussion. The ratio A/A; (denoted by the
parameter R) was chosen as a semiquantitative characteris-
tic feature for cell membrane affinity to Ca2*, because A, is
the radioactivity of Ca* extracted under mild conditions
(and seems to be proportional to the easily exchangeable
Ca?* of the cell surface). The data obtained are specified in
tables 1 and 2.

Rat e1;ythrocytes. The erythrocytes of SHR incorporated
more “Ca in the control solution (without ACh and es-
erine) than the erythrocytes of NWR (p < 0.005). This was
the result of (at least) an easier isotopic exchange, since this
excess of labelling coincides with a smaller value of the
parameter R (p < 0.05). ACh significantly inhibited the
labelling of erythrocytes of SHR and NWR (p < 0.001 and

p < 0.002, respectively) but the difference between these

groups is not significant. The parameter R was not consid-
erably altered. Eserine had insignificant influence on the
$Ca-binding to erythrocytes of SHR and NWR; the
parameter R was unchanged for SHR but was reduced
significantly for NWR (p<0.02). Thus a considerable
variation in the parameter R under eserine influence be-
tween SHR and NWR was found (p < 0.05). It appears
reasonable to assume that “*Ca-ions are exchanged with
membrane calcium, because the swelling of erythrocytes
affected by ACh or eserine was not accompanied by any
increase of label incorporation into the cells. -

Human erythrocytes. No significant difference, either in
#Ca-binding or in the parameter R between HP (n=8) and
NP (n=8) were observed for the control incubation
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medium. Earlier it was found that HP-erythrocytes have
less affinity to Ca?* than the NP-erythrocytes®. The dif-
ferent conditions of Ca?*-extraction from erythrocytes may
be an explanation of the divergence between the old and
new data. ACh reduced the label incorporation into eryth-
rocytes for NP and HP (p <0.001) but there was no
difference in this property between these 2 groups. The
parameter R was increased only for HP (p < 0.05) but the
difference between the groups remained insignificant. Es-
erine reduced the **Ca-binding to erythrocytes of HP
(p < 0.005) and did not significantly influenc¢e that of NP,
but the difference between the groups became significant.
The parameter R was decreased for HP and was increased
insignificantly for NP; moreover, the difference in this
property between these groups was significant (p < 0.05).
Thus, we have established that ACh and eserine (the
inhibitor of acetylcholinesterase) influence Ca**-binding to
erythrocytes of rats and humans. The variation of the
parameter R is not always parallel to that of the incorpora-
tion of Ca into erythrocytes. This may indicate that not
only cell membrane affinity to Ca%* but, in some cases, also
the easily exchangeable Ca-pool of cell surface is altered
under the action of ACh and eserine. Differences in Ca2*-
binding to SHR and HP erythrocytes, on one hand, and
erythrocytes of the respective control groups, on the other,
were found under eserine influence. It may well be that
there is some interrelation between the difference in the
influence of eserine on Ca?*-exchange within the 2 rat
groups and the different contents of erythrocyte membrane
phosphoinositides of SHR and NWR reported earlier?,
because the close interrelation between mammalian eryth-
rocyte membrane acetylcholinesterase and phosphoinosi-
tides has been established’.
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Effect of theophylline and triiodothyronine on some early estrogenic responses in the rat uterus!
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Summary. Theophylline increases and triodothyronine decreases uterine edema induced by physiological doses of
estradiol-173. Both of them decrease estrogen-induced uterine eosinophilia and the number of blood eosinophils,

suggesting an explanation for the results in the uterus.

Thyroid hormones are known to have antiestrogenic prop-
erties?. Hyperthyroidism is associated with prolonged dies-
trus and hypothyroidism with a prolonged estrus cycle??
There is no agreement as to the mechanism whereby the
thyroid influences uterine sensitivity to estrogens®’. Evi-
dence has been published for the mediation of various
known metabolic effects of estrogens on the uterus by cyclic

AMP®". Theophylline, when it is administered concurrently
with cyclic AMP, also increases the activities of various key
glycogenolytic and hexose monophosphate shunt enzymes,
as well as uterine glycogen synthesis®. It has been proposed
that uterine eosinophils mediate estrogen induced uterine
edema®, and it was suggested that this effect could be
dependent on the number of eosinophils in the blood®
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- Therefore, any condition changing the number of blood

eosinophils could modify this parameter of estrogen stimu-
lation.
The aim of the present work was to study the effects of
triiodothyronine and theophylline on estrogen induced
uterine edema and eosinophilia, and correlate these effects
with blood eosinophil levels in the female immature rat.

Material and methods. Effect of theophylline and triodo-
thyronine on estrogen-induced uterine edema and eosino-
philia. Immature female Sprague-Dawley rats of 50 g b.wt
were injected with doses of estradiol-17 § in 5% ethanol-
saline ranging from 0.001 to 30 pg per 100 g of b.wt
(SIGMA) with or without 10 mg/ 100 g b.wt of theophylline
(Knoll A.G. Ludwigshafen a.Rh., FRG) in saline, simul-
taneously with the estrogen injection. Thyroid hormone-
treated animals were injected with 20 ug/100 g b.wt triiodo-
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Effect of theophylline (a and b) and triiodothyronine (¢ and d) on
the estrogen-induced uterine wet weight increase and eosinophilia.
Estradiol (M--—-W) and estradiol+ theophylline (O---O) were
given 6 h before the animals were sacrificed (a and b). Estradiol
(M -—-W) and estradiol + triiodothyronine (A---A) were also
compared 6 h after estrogen injection (¢ and d). - The uterine wet
weight was expressed as percentage of the controls (c: M, injected
with the vehicle). Uterine wet weight of control animals was
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thyronine (SIGMA) in 0.01 N NaOH in a pH 7.4 phosphate
buffer, and 1 h after with the same estrogen doses as those
used in theophylline-treated rats.

All injections were in the jugular vein under ether anaes-
thesia. The controls were similarly injected with equal
amounts of the vehicle. 8-10 animals were used for each
experimental group. The animals were killed 6 h after
estrogen injection, and the uteri were excised. - The right
uterine horn was used to measure the uterine wet weight
and the left uterine horn was used to measure the total
number of uterine eosinophils’.

Effect of theophylline, triiodothyronine and/or estradiol on
the number of eosinophil leukocytes in the blood. Imma-
ture female Sprague-Dawley rats, 50 g b.wt, were used in
these experiments. Experimentals were injected with
30 ug/100 g b.wt estradiol in 5% ethanol-saline, triitodothyr-
onine 20 pg/100 g b.wt in NaOH 0.1 N in a pH 7.4
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19.31+ 1.00 mg (mean = SEM). Uterine eosinophilia was expressed
as the total number of eosinophils in the uterus +SEM (in 10%).
Number of animals per group in brackets (except in figures b
and d, where n= 17 in all groups with 30 ug/100 g b.wt estradiol).

*+ p<0.05, as compared with the same estrogen dose, without
theophylline (a, b) or without triiodothyronine (¢, d). (Student’s
unpaired t-test).
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Effect of trilodothyronine, estradiol 178 and/or theophylline on the number of eosinophil leukocytes in the blood of the female

immature rat

Experimental condition

Number of eosinophils per mm? of blood + SEM

Before injection 6 h after injection p*

Controls (injected with the vehicle) 22.47+4.75 23774 3.57 n.s.
(100) (114)

Triiodothyronine 52.01£7.71 21.12+3.98 <0.0025
(160) (392

Estradiol — 178 50.14+6.11 18.86+2.45 <0.0005
(100) (38)2

Theophylline 32.50+3.16 1249+ 1.48 <0.0005
(100) (39)2

Triiodothyronine + theophylline 58.29+7.68 11.54+3.23 <0.0005
(100) (20)2-

Estradiol 178 + theophylline 50.27+8.09 15.06+4.38 <0.0025
(100) (26)>®

Triiodothyronine + estradiol — 178 58.26+ 6.64 19.04+4.17 <0.0005
(100) (322

The animals were i.v. injected with 10 mg/100 g b.wt theophylline and/or 30 pg/100 g b.wt estradiol, 20 pg/100 g b.wt trilodothyronine
or the vehicle. Blood samples were taken from the tail before injection and 6 h after injection. Data are also given in percentages, taking
the values of control animals as 100% (in brackets). * For comparison with values before injection. - 8 animals were used in each group,
except theophylline + estradiol (n=9). - Absolute values represént means+ SEM. - Student’s paired t-test was used for comparison of
absolute values before and after injection. - Kruskal-Wallis test!! was used to compare average ranks of percentage values (in brackets)
6 h after injection. Superscripts indicate significant differences between percentage values 6 h after injection as follows: 2 p<0.0005,
with respect to controls; Y p<0.0005, with respect to estradiol or theophylline; ¢ p<0.0005, with respect to triiodothyronine or theo-

phylline.

phosphate buffer and/or 10 mg/100 g b.wt theophylline in
saline.

Controls were similary injected with equal amounts of the
vehicle. All injections were in the jugular vein under ether

anaesthesia. 8 animals were used per experimental group. -

Blood samples were taken from the tail before the injection
and 6 h after the injection. EDTA was added to the blood
samples, and they were stained with 1% eosin in acetone.
The eosinophils were counted in a Neubauer chamber!®.
Since the levels of blood eosinophils/mm? before injections
were different, the results are also given in percentage
terms'L.

Results. Effects of theophylline and triiodothyronine on
estrogen induced uterine edema and eosinophilia. Theo-
phylline and triiodothyronine have opposite effects on es-
trogen-induced uterine edema. Theophylline increases ut-
erine edema (p < 0.05) and triiodothyronine decreases ut-
erine edema (p < 0.05) induced by physiological doses of
estradiol-174 (0.1 ug/100 g b.wt) (figures a and c). Theo-
phylline alone or triiodothyronine alone do not modify
uterine wet weight.

Estradiol-174 induces uterine eosinophilia at doses ranging
from 10-2 to 30 pg/100 g b.wt. Theophylline or triiodothyr-
onine, when they are administered in the presence of
estradiol, significantly decrease estrogen-induced uterine
eosinophilia at 1072 107, 1, 10 and 30 pg/100 g b.wt
estradiol-17 8 (figures b and d) (p <0.05).

Theophylline, estradiol and triiodothyronine induce a
decrease in the number of eosinophil leukocytes in the
blood (table). Theophylline and estradiol or theophylline
and triiodothyronine administered together induce a statis-
tically significant greater percentage decrease than each
one administered alone. (p < 0.01) (table).

Discussion. Estrogen binding by uterine eosinophils is signi-
ficantly decreased by triiodothyronine, in vitro'2 Since
binding of estrogen to specific eosinophil receptors should
be necessary for early physiological action in the uterus, a
decreased estrogen uptake by uterine eosinophils from
trilodothyronine-treated rats could also result in impaired
uterine function. Here we show that triiodothyronine in-
duces a decrease in the number of uterine eosinophils and a
decrease in the estrogen-induced uterine edema.

In this study, there is no correlation between the increase in

uterine edema induced by estradiol-17f6 and the dose-
dependent decrease of uterine eosinophilia, in the presence
of theophylline and estradiol. This phenomenon could be
explained by an increase in estrogen binding by each
eosinophil %, by theophylline. Another possible explanation
is that theophylline could also induce an increase in the
synthesis of endogenous estrogens by the immature ovary.

The decrease in the number of uterine eosinophils in the
presence of estradiol and theophylline or triiodothyronine
could be explained by the decrease in the number of blood
eosinophils. The much greater decrease in the number of
blood eosinophils observed when thyroid hormone and
theophylline are administered together suggests a potentia-
tion of its action on blood eosinophil levels. Thyroid
hormone-induced blood eosinopenia could be mediated by
cyclic AMP. Further studies are necessary to elucidate the
mechanisms of interaction between thyroid hormones,
theophylline and estrogens in the rat uterus. '
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