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EFFECT OF THYROIDECTOMY AND HYPERTHYROIDISM ON ACTIVITY OF Ca++/2H+
ANTIPORTER ACTIVITY IN RAT LIVER MITOCHONDIRA

M. Kh. Gainutdinov, S. I. Mirmakhmudova, UDC 612.352.1]~06:[612.391-612.766.1
and Academican Ya. Kh. Turakulov*

KEY WORDS: thyroid hormones; Ca++/2H+ antiporter; cytoplasm; mitochondira.

ca™ ions are a universal regulator of metabolic processes [9, 10]. One of the mechan~

isms regulating the concentration of ionized ca™ in the cytosol is its transport catt ioms
in vivo and in vitre [1, 2, 11]. It can be tentatively suggested that hormones can exert
their action on metabolism by changing the distribution of ca™ ions between mitochondria and
cytosol. It has recently been shown that ca™t transport in the the liver mitochondria is ef-
fected by two carriers: The Catt ion porter is responsible for electrophoretic transport
from cytosol into mitochondria, and the Ca™ /2H' antiporter is respomsible for removal of
catt ions from mitochondria in exchange for H* ions [6, 71.

Since changes in activity of mitochondrial Ca++/2H+ antiporter during changes in the
hormonal status of the body may affect the Ca’ ' concentration in the cytosol, the effect of

thyroidectomy and hyperthyroidism on activity of Ca++/2H+ antiporter was investigated in rat
liver mitochondria.

EXPERIMENTAL METHOD

Mitochondria from rat liver were isolated in 0.3 M sucrose containing 5 mM Tris-HCl, pH
7.4, at 5000g. Traosport of Ca' ' ioms in the mitochondria was measured by an ion-selective
Ca’ -sensitive electrode and pH-metric method based on the kinetics of Ca™t/Ht exchange in
the presence of phosphate. The kinetics of swelling of the mitochondria was measured as
changes in their optical density of 540 nm. Male rats weighing 100 g were used in experi-~
ments with thyroidectomy [3]. The thyroidectomized rats 4 months after the operation weighed
130-160 g, the controls 250~280 g. Hyperthyroidism was induced by intraperitoneal injection
of thyroxine in a dose of 100 ng/100 g daily for 4 days.

EXPERIMENTAL RESULTS

After thyroidectomy the calcium capacity of rat liver mitochondria (the number of Catt
ions accumulated by mitochondria before the beginning of spontaneous outflow of Ca™t from the
mitochondria) was increased. Injection of physiological concentrations of thyroxine into
thyroidectomized rats reduced the calcium capacity pratically to normal, but in hyperthyroid-
ism the calcium capacity was significantly lower than in the control (Fig. 1). As Fig. 1b
shows, adequate correlation exists between changes in the calcium capacity of the liver mito-
chondria and the rate of outflow of Cat'T ions from the mitochondria on additon of ruthenium
red. Since the outflow of calcium ions is undertaken by catt/omt antiporter, which is insen-
sitive to ruthenium red [6, 7], it can be concluded that after thyroidectomy manifestation of
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Fig. 1. Transport of ca™ ions into rat
liver mitochondria in hyperthyroidism and af-
ter thyroidectomy. Incubation medium: 0.1
M KC1, 3.0 mM Tris-buffer, 5 mM succinate, 1
mM phosphate, 0.7 ug/ml rotemone, pH 7.1. a)
Calcium capacity of mitochondria (in nmoles/
mg proteim): 1) control, 2) hyperthyroidism,
3) thyroidectomy, 4) thyroidectomy + thyrox-
ine (20 ug/100 g for 3 days). CaCl, was
added to the cell in a dose of 107* M. Mito-
chondria equivalent to 1.5 mg protein in 1 ml:
b) outflow of Ca'’ ions from mitochondria on
addition of ruthenium red (RR):{ 1)control,
2) hyperthyroidism, 3) thyroidectomy. CaCl,
concentration in incubation medium 250 uM.
Mitochondria equivalent to 1.7 mg protein in
1 mi, ruthenium red added in concentration of
1077 M.
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Fig. 2. Phosphate-~induced swell-
ing of rat liver mitochondria af-
ter thyroidectomy and during hy-
perthyroidism. Incubation medium
the same as in Fig. 1, but phos-
phate concentration 5 mM, mito-
chondria equivalent to 0.4 mg pro-
tein in 1 ml. 1) Control, 2) hy-
perthyroidism, 3) thyroidectomy.
Abscissa, time (in sec); ordinate,
optical density (OD).

the activity of Ca++/2H+ antiporter is inhibited, whereas during hyperthyroidism it is stim-
ulated, under the experimental conditions used. The decrease in the calcium capacity of the
mitochondria associated with an increase in the E%asma thyroid hormone concentration is evi-
dently the result of increased realization of Ca ions in the mitochondria, due to increased
activity of the Ca++/2H+ antiporter. It was shown previously that in thyrotoxicosis the cal-
cium capacity of rat liver mitochondria is reduced [1, 2], at increase in calcium capacity
after thyroidectomy was relatively small [1l, 2] compared with the results of the present ex-—
periments (Fig. 1). The reason evidently was that our own experiments were carried out 4
months after thyroidectomy, whereas those cited above were carried out after only 3-4 weeks
[1, 27.

One possible explanation of the increase in Ca*t/2H' antiporter activity is that thyroid
hormones increase the sensitivity of liver mitochondria to injury by ca*t and phosphate ions
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Fig. 3. Swelling of de-energized rat
liver mitochondria in iso-osmotic Ca(NOs)a
solution. Incubation medium: 80 mM Ca
(NOs)z, 1 pg/ml mitochondria. a)without
ruthenium red, b) with 2 x 107° M ruthe-
nium red; 1) control, 2) thyroidectomy, 3)
hyperthyroidism. Remainder of legend as
to Fig. 2.

in vitro, as a result of which activation of Ca™t/2H' exchange in vitro, which occurs in res-
ponse to loading with catt ions and addition of phosphate [12], is exhibited more strongly
and rapidly in mitochondria from the liver of hyperthyroid rats. This explanation is sup-
ported indirectly by the results of experiments to study the effect of the thyroid status on
high-amplitude phosphate-induced swelling (Fig. 2) and the increase in mitochondrial phospho-
lipase A, activity during incubation of liver mitochondria <n vitro [4]. Consequently, the
increase in activity of catt/2mt exchange by thyroid hormones may be due to labilization of
the mitochondria toward the action of harmful factors in vitro. Nevertheless the connection
between activity of the Ca' '/2H antiporter and damage to the mitochondria by exongenous cal-
cium and phosphate is not compatible with the injury, an increase in Ca++/2H+ exchange scheme,
for inhibition of recycling of endogenous catt by ruthenium red prevents damage to mitochon-
dria under conditions of phosphate-inducded high amplitude swelling of mitochondria. [14].
Consequently, the presence of correlation between activity of Ca'/2HT exchange and resis-
tance of the mitochondria to injury < vitro may be explained on the grounds that an increase
in Ca™t recycling is a factor which stimulates activation of phospholipase A; and injury to
mitochondria. 1If this is so, stimulation of phosphate-induced swelling by thyroid hormones
must also be the result of increased activity of the catt/out antiporter.

Evidence in support of the view that the increase in activity of Ca++/2H+ antiporter is
primary im vivo and not injury to the mitochondria is given by the results of experiments to
measure the kinetics of swelling of de-energized mitochondria in iso-osmotic Ca(NOsz), solu-~
tions at pH 8.1 (Fig. 3). Under these conditions the rate of swelling is limited by permea-
bility of the mitochondrial membrane for catt ions [5]. In this connection inhibition of
swelling after thyroidectomy and its stimulation during administration of thyroid hormones
in vivo (Fig. 3a) can be regarded as an increase in the velocity of passive transport of Catt
ions through the mitochondrial membrane. This effect is manifested particularly clearly in
the presence of ruthenium red (Fig. 3b), Consequently thyroid hormones in vivo regulate ac-
tivity of ruthenium-insensitive Ca” ' /2H  "antiporter in rat liver mitochondria. This effect
cannot be linked with changes in phospholipase A, activity, for in the presence of uncouplers
injury to the mitochondria due to activiation of phospholipase A, does not take place [14].

Regulation of activity of ca*t/2m* antiporter by thyroid hormones may relate both to
stimulation of basal metabolism [8] and also to activation of glyconeogenesis in the hepato-
cytes by tgzroid hormones [13]. It is well known that an increase in the concentration of
ionized Ca in the cytosol of hepatocytes leads to stimulation of gluconeogenesis through
activation of phosphoenolpyruvate carboxylase and inhibition of pyruvate kinase [10]. In
this connection the increase in activity of catt/omt antiporter by thyroid hormones ought to
lead to an increase in the Ca’t concentration in the cytosol and stimulation of gluconeogen-
sis. Meanwhile an increase in the eneriy consumption for recyecling of Catt in the mitochond-
ria on account of activation of Catt/2m antiporter may be one of the mechanisms of stimula-
tion of oxygen consumption by the liver in response to an increase in the plasma thyroid hor-
mones concentration [8].
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