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The body level of thyroid hormones largely determines the functional state of the myo- 
fibers. For example, an increase in ATPase activity has been found in myofibrils isolated 
from the heart muscles of hyperthyroid muscles [3, 8, 9], and, conversely, a decrease in its 
activity has been found when thyroid hormone production ~n u~o is deficient [6]. It has 
also been shown that myofibrils from heart muscles of hyperthyroid animals can contract 
faster, develop a higher amplitude of force of contraction, and relax faster than the cor- 
responding myofibrils obtained from normal animals [2, 3]. There have been isolated re- 
ports that thyroid hormones affect the functions of the sarcoplasmic reticulum (SR) and that 
in hyperthyroidism they cause an increase in the rate of Ca ++ uptake by SR preparations from 
heart muscles. Meanwhile, an increase in the Ca-ATPase activity of these preparations also 
has been observed [8, i0]. Workers cited above [2, 3, 9] found a tendency toward positive 
correlation between the thyroid hormone level and muscle function. At the same time it is 
known that in developed hypothyroid states (thyrotoxicosis) muscular weakness is observed, 
sometimes to a considerable degree [5]. 

The object of this investigation was to study the functional state of SR of skeletal 
muscles in thyrotoxic states. 

EXPERIMENTAL METHOD 
r 

Rabbits weighing from 2 to 2.6 kg were used. Experimental thyrotoxicosis was induced 
by intraperitoneal injection of a solution of L-thyroxine in 0.05 M KOH in a dose of 120- 
150 mg/kg body weight daily for 25-28 days. Rabbits kept under the same conditions as the 
experimental animals served as the control. 

SR was isolated from white muscles of the hind limbs and spinal region [7]. The rate 
of accumulation of Ca 4-~ ions (VCa) and activity of Ca-dependent ATPase (VATP) were measured 
by a pH-metric method [i]. In some experiments the kinetics of accumulation of Ca ++ ions 
by SR preparation was recorded by measuring the scattering of light by a suspension of SR 
fragments at 546 nm. 

The incubation medium in which the functional parameters of the SR fragments were mea- 
sured contained i00 mM NaCI, 4 mM MgCI2, 2 mM ATP, 5 mM sodium oxalate, and 1.5 mM imidazole, 
pH 7.0. Temperature conditions are given below. The protein concentration in the samples 
was determined by the biuret reaction [4]. 

EXPERIMENTAL RESULTS 

By the time of isolation of SR the rabbits receiving thyroxine had lost on average 30- 
35% of their body weight compared with the control, reflecting the development of severe 
thyrotoxicosis. 

Graphs showing the ATPase activity and rate of accumulation of Ca 4-+ ions by 'SR fragments 
from rabbits with thyrotoxicosis and from normal rabbits are shown in Fig. i. Clearly the 
rate of accumulation of CA ++ ions by SR fragments was 60% slower in thyrotoxicosis than nor- 
mally (data obtained at 32~ The difference between the experiment and control was more 
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Fig. i. Rate of uptake of Ca ++ and activity of Ca-dependent ATPase of SR prepara- 
tions as a function of temperature. A) Rate of uptake of Ca++ (in ~moles Ca++ /min/ 
mg protein) by SR fragments obtained from normal rabbits (I) and from animals with 
thyrotoxicosis (2); B) activity of Ca-ATPase (in pmoles ATP hydrolyzed per minute 
per milligram protein) of SR fragments obtained from normal rabbits (i) and from an- 
imals with thyrotoxicosis (2). 

Fig. 2. Kinetics of changes in intensity of scattering of light (in relative units) 
by SR suspension (32~ during accumulation of Ca++ ions as a function of time. i) 
Change in intensity of scattering of light by SR preparations preincubated for 1 min 
with L-thyroxine (10-5M) before addition of Ca++ (3 • 10-SM); 2) change in intensity 
of scattering of light by SR preparation incubated in medium without thyroxine. Pro- 
tein concentration in sample 0.i mg/ml. Arrows indicate times of addition of SR 
fragments and Ca ++ to incubation medium. 

TABLE i. Action of Thyroxine on Functional 
Parameters of SR Fragments (M • m) 

Concn. of Vca,  grnoles 
hormone CaZ+/min/mg 
in sample protein 

VATP, tirnoles 
ATP/min/mg 
protein 

Cam~ 

0 2,86• 3,40• 0,84 
10 -5 M 1,53• 2,20• 0,69 

Lesend. The SR preparations were incubated 
with the hormone for 1.5-2 min at 32~ 
Protein concentration in sample 0.! mg/ml. 

marked at higher temperatures (Fig. IA). Activity of Ca-dependent ATPase of the SR prepara- 
tions also was 25% lower (at 32~ from rabbits with thyrotoxicosis, although the decrease 
was less than that of the rate of Ca ++ accumulation (Fig. IB). The Ca/ATP ratio, reflecting 
the efficiency of operation of the calcium pump, was reduced in thyrotoxicosis (at 32~ to 
0.42 compared with the normal value of 0.92. 

Investigation of the functional parameters of SR fragments from the heart muscle of hy- 
perthyroid rabbits likewise revealed a decrease in efficiency of the Ca-accumulating system 
[i0]. However, the absolute values of the rate of Ca ++ uptake and of Ca-ATPase activity 
under these circumstances were higher than normally. The differences between data cited in 
the literature and the results of the present experiments can perhaps be attributed to the 
fact that the doses of thyroxine which we used led to severe thyrotoxicosis, which was evi- 
dently accompanied by a fall in CA-ATPase activity. 
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When the molecular mechanisms of action of biologically active substances such as hor- 
mones are studied it is important to compare effects as a result of direct interaction be- 
tween hormone and object with changes that develop after administration of the hormone in 
vivo. The results of a series of experiments to study the effect of thyroxine on functional 
parameters of SR fragments in v~tro are given in Table i. 

As this table shows, direct inhibition of Ca ++ uptake by thyroxine takes place ,asainst 
a background of lowered Ca-ATPase activity of the preparation. The efficiency of Ca'' accum- 
ulation is reduced, just as after administration of the hormone to animals. 

Inhibition of Ca ++ accumulation by SR fragments incubated in medium with thyroxine also 
was observed in analogous experiments in which the dynamics of uptake of Ca++ ions was re- 
corded as a change in scattering of light. The results of these experiments show (Fig. 2) 
that the rate of Ca++ accumulation falls after incubation of SR fragments for a short time 
with the hormone. 

A marked increase in the thyroid hormone level in the body can thus lead to a decrease 
in the levels of functional parameters of SR of the skeletal muscles. High correlation was 
observed between the effects of thyroxine in vivo and in vitro. It cannot, of course, be 
concluded from this that the mechanisms of action of thyroxine are identical in both cases, 
but it does allow the possibility of direct inhibition of the Ca-ATPase of SR by thyroid 
hormones in vivo. The second probable cause of the change in SR function in thyrotoxic 
states may be changes induced in the membranes of these structures by thyroxine through meta- 
bolic pathways. The efficiency of Ca++ transport in SR in fact depends on many factors: 
the mobility and orientation of the Ca-ATPase molecules, interaction between Ca-ATPase and 
lipids, and also with other SR proteins, and so on. The factors listed above determine on 
the whole the concrete protein--lipid interactions in the structure of the membranes. Thyroid 
hormones are powerful regulators of both protein and lipid metabolism. It can therefore be 
suggested that when their body levels are abnormally high, structural changes take place in 
the membranes of SR which lead to a fall in the levels of functional parameters. 
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