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Effects of thyroid hormone deficit, and triiodothyronine (T,) treatment on exercise
performance, blood lactate (LA) concentrations and LA threshold (T, ,) were studied
in trained and untrained rats. Fourteen rats were thyroidectomized and then treated
with propylthiouracil for 30 days (THY + PTU group). Fourteen sham operated rats
served as controls. In each group there were 7 sedentary and 7 endurance-trained
animals. Six weeks after thyroidectomy or sham operation the rats were subjected to
a multistage running test with speed increasing from 13 m/min at 10° treadmill
inclination till maximum. Blood samples for LA were taken from the rats’ tail after
each 3-min exercise stage. During 3 days following this test rats from all groups were
injected (i. p.) with 75 ug/100 g of triiodothyronine (T,), and 24 hrs afterwards the
second exercise test was performed. In THY +PTU rats maximal running speed
(RSmax) and the speed at which T,, occurred were markedly decreased in
comparison with control group. The level of LA at the maximal speed (LAmax) and
that corresponding to T,, were higher in THY +PTU rats than in controls. T,
injection to control animals diminished their RSmax and T;,, whereas in
THY +PTU rats it increased RSmax and shifted T,, to a higher speed. Both in
THY +PTU and control animals T, elevated LAmax and the threshold LA
concentration. Endurance training in control and THY +PTU animals markedly
enhanced RSmax and T,,. This was accompanied by increases in LAmax and
concentration of LA at T,, only in control group. After T, injection to control
trained rats RSmax and T, were diminished, whereas in THY + PTU trained group
RSmax was unchanged and T, , was elevated. Maximal blood LA increased only in
THY + PTU trained rats whilst the threshold blood LA was elevated in both groups.
It is concluded, that both the T, deficiency and its excess reduce maximal exercise
performance and shift T,, to lower workloads. Enduarance training or
administration of T, to hypothyroid rats markedly improve their exercise
performance and elevate T, ,, however, T, treatment markedly increases maximal
and submaximal LA levels.
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training.

INTRODUCTION

Thyroid hormones play an important role in the control of carbohydrate,
lipid and protein metabolism. Little is known, however, about the effects of
thyroid hormone deficit or excess on exercise metabolism. Marked reduction of
exercise performance and a decrease in maximal oxygen uptake (VO,__ ) after
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thyroidectomy were reported by Therminarias and Lucas (1) in dogs and by
Baldwin et al. (2, 3) in rats. Oxydative potential of skeletal muscles and free
fatty acid (FFA) availability were found to be diminished in hypothyroidism
(4—8). Moreover, Kaciuba-Uscitko et al. (9) demonstrated that in
thyreoidectomized dogs muscle ATP and creatine phosphate concentrations
were decreasing at low exercise intensity, in spite of the increased rate of
glycogen breakdown. This was accompanied by large accumulation of lactate
(LA) in working muscles. After exercise at high intensity high energy
phosphates were reduced to very low values, whilst the glycogen depletion and
muscle LA concentrations were similar to the values found in control
— euthyroid animals. These data indicate that hypothyroidism in addition to
the well known impairement of FFA mobilization and oxidation leads to
inability of adequate resynthesis of ATP via glycolysis at high work load.

On the other hand, impaired exercise tolerance was demonstrated by some
authors in hyperthyroid patients (10) as well as in human subjects (11—13) or in
animals treated with thyroid hormones (14—16). This was attributed to enhanced
body temperature, diminished skeletal muscle mass and impaired muscle
metabolism. A part of these changes may be explained by potentiation by thyroid
hormones of catecholamine action via beta adrenergic receptors (12, 17—19).

Alterations in skeletal muscle metabolism caused e. g. by physical training,
dietary modifications (see: 20), prolonged stimulation of beta adrenergic
receptors (21) are reflected in changes of lactate threshold (T, ,), that is a work
load at which lactate starts to accumulate in blood during incremental exercise
test. There are no data in the available literature on the influence of thyroid
hormone deficit or excess on Ty ,.

Our previous study demonstrated that T, , can be detected in rats during
multistage exercise test, with frequent determinations of blood LA levels in
capillary blood taken from the tail (22). This animal model offers a possibility
to evaluate T, after experimentally-induced endocrine changes. Thus, the
purpose of this investigation was to examine an effect of thyroid hormone
deficit or excess on exercise performance, T, ,, and exercise-induced blood LA
changes in untrained and trained rats.

MATERIAL AND METHODS

Male Wistar rats of the initial body mass 200+ 7.0 g were used. They were divided into 2 main
groups: group I (THY 4+ PTU) consisted of animals thyroidectomized surgically, and then treated
for 30 days with propylthiouracil (Prosst, Quebec, Canada) dissolved in drinking water (0.04%),
whereas group II (C) included euthyroid, sham-operated rats. In each group there were 7 sedentary
(S), and 7 endurance-trained (T) animals. The rats were housed in the wire mesh cages at 20—22°C,
with the light on from 6 a.m. till 6 p.m. The animals had free access to water and the commercial
laboratory chow (Murigram, Poland). The experimental protocol was approved by the Ethical
Commitee at Medical Research Centre of the Polish Academy of Sciences.
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Experimental procedure

Six weeks after thyroidectomy or sham-operation both the sedentary and trained rats were
exposed to a multistage running test on a treadmil to estimate their T, , and the maximal running
speed. They started the run at a speed of 13 m/min, at 10° treadmill inclination. Afterwords, they
performed several 3-min exercise bouts with the treadmill speed increased by 4 m/min until 37
m/min was attained. The exercise bouts were sparated by 3 min rest periods during which blood
samples (0.05 ml) for LA determinations were taken from previously cut and heparinized tail. After
achieving a speed of 37 m/min the treadmill velocity was further increased until the individual
maximum speed was reached. More detailed description of the above procedure was reported
previously (22).

Sedentary rats were exposed to the exercise-test after being familiarized for a few days with
handling and the treadmil running, whilst the trained animals performed the exercise-test 24 h after
the last training session. The training program consisted of 40—60 min endurance exercise (5 days
per week for 5 weeks) on the treadmil at 10° inclination with speed increasing from 16 m/m in the
1st week to 28 m/m in the 4th and 5th week. More details of the endurance training program are
given in the paper by Langfort et al. (23).

The next day following the multistage running test rats of all groups started to be treated with
L-sodium BP triiodothyronine-T; (Glaxo Laboratories, Greenford, Middlesex, U.S.A.). They were
injected intrapertitoneally with 75 pg/100 g b.m. of the hormone daily for 3 consecutive days, and
24 h after the last injection they repeated the exercise test according to the protocol described above.

Blood LA concentration was measured enzymatically using commercial kits (Boehringer
Diagnostica, Mannheim, Germany).

Calculations

The lactate threshold (T.,) was calculated as the exercise speed corresponding to the
individual breaking point of LA curve, using the two-segmental linear regression (log LA vs log
running speed), according to Breaver et al. (24).

Results obtained were evaluated statistically using the two-way analysis of variance followed
by t-Student test for paired or unpaired data. The null hypothesis was rejected when p < 0.05. The
data are expressed as means+SE throughout the paper.

RESULTS

Influence of thyroid hormone deficit and T,-treatment on the maximal running
speed, the maximal blood LA level, and lactate threshold in sedentary rats

The maximal running speed (RSmax) was markedly reduced in THY +
PTU rats in comparison with that in control (C) group. Three-day treatment of
hypothyroid rats with T, increased their RSmax. On the other hand, T,
injections to control animals slightly, but significantly diminished thelr
working ability. Blood LA concentrations after the maximal exercise load was
significantly higher in THY +PTU rats than in controls. T,-treatment
increased maximal blood LA both in THY +PTU and C anlmals (Fig. 1).



506

a) b)
100 [ 25 1
¥
I *
80 | e 20 I | e
= aka = "— XN —
= W —1 o
— %
% 60 — 3 %5 E 16 |
x x
« 0]
E 40 g 107]
” <
o -}
20t 57
0 * p<0.05 0 i
~p<0.01 [ c [ ] THY+PTU
*** p<0.001 [77] C+T3 THY+PTU+T3
Fig. 1. The maximal running speed — RSmax (a) and the maximal blood lactate (LA)

concentrations (b) in untrained rats; C — control euthyroid rats, C+T; — control rats injected for
3 days with triiodothyronine. Values are means + SE; asterisks indicate significance of differences.
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Fig. 2. Blood lactate (LA) concentrations in relation to running speed in untrained control (C) and
hypothyroid (THY + PTU) rats. Values are means + SE; asterisks denote significance of differences
between C and THY +PTU groups; Arrows indicate the anaerobic threshold.
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The pattern of changes in blood LA concentrations in relation to treadmill
speed in sedentary C and THY +PTU rats is presented in Fig. 2. The T,,
occurred at lower running speed in THY +PTU rats than in controls. -
T;-treatment of hypothyroid rats resulted in an increase of the speed at which
their T, was detected, whilst in controls T;-injections caused a decrease in
Tpa. Blood LA concentrations found at the threshold intensities was much
higher in THY +PTU than in C group. T;-injections resulted in an increase of
this value in THY +PTU rats and in control animals (Fig. 3).
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Fig. 3. The running speed at the lactate threshold — T, (a) and corresponding blood lactate (LA)
concentrations (b) in untrained rats. Other denotations as in Fig. 1.

Influence of thyroid hormone deficit and T,-treatment on the maximal running
speed, the maximal blood LA level, and lactate threshold in endurance
trained rats

The maximal running speed was markedly enhanced after 5 weeks of
endurance training both in C and THY+PTU animals (p < 0.001). In the
former it increased by approx. 23%, whereas in the latter by approx. 96%.
Training induced a significant increase in maximal blood LA concentration
only in control rats (p < 0.001) (Fig. 4).

The pattern of changes in blood LA concentrations in relation to treadmill
speed in trained C and THY + PTU rats is presented in Fig. 5. The running
speed at which T, occurred was increased in trained C and THY + PTU rats.
The blood LA concentrations at the T,, increased only in control animals
(p < 0.001), so the threshold levels of LA were almost the same in trained
C and THY +PTU rats (Fig. 6).
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Fig. 4. The maximal running speed — RSmax (a) and the maximal blood lactate (LA)
concentrations (b) in trained rats. Other denotations as in Fig. I.
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Fig. 5. Blood lactate (LA) concentrations in relation to running speed in trained control (C) and
hypothyroid (THY + PTU) rats. Values are means + SE; asterisks denote significance of differences
between C and THY +PTU groups; Arrows indicate the anaerobic threshold.
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Fig. 6. The running speed at the lactate threshold — T, (a) and corresponding blood lacate (LA)
concentrations (b) in trained rats. Other denotations as in Fig. 1.

After T, injections RSmax. achieved by trained C rats was diminished but in
trained THY + PTU animals this value remained unchanged (Fig. 4 a). Blood LA
concentrations at RSmax. after T, injections was significantly higher in trained
THY +PTU than in trained C animals and in trained THY +PTU rats before
T, injections (Fig. 4 b). In trained C group injected with T; T, , expressed as the
running speed was diminished, whereas in the trained THY +PTU rats this
value significantly increased. As a result no significant differences between
trained C and THY +PTU rats were found after T, injections (Fig. 6 a). Blood
LA concentrations at T;, were enhanced after T, injections in both trained
C and THY +PTU animals in comparision with the preinjection values (Fig.
6 b). T,-treatment resulted in significantly higher (p < 0.01) blood LA level at
T,, in trained THY+PTU than in C rats (Table I).

Table 1. Influence of endurance training on maximal running speed (RSmax), maximal blood LA
concentrations (LAmax), lactate threshold expressed as running speed (T,,) and lactate
concentration at T, , (LA at T, ,) in control (C) and thyroid hormone deficient (THY +PTU) rats.

C C THY +PTU THY +PTU
untrained trained untrained trained
RSmax. 52.63 64.57*** 29.40 57.60%**
[m/min] 1.31 0.72 0.40 3.22
LAmax. 7.88 13.27%** 9.29 12.18
[mmol/1] 0.43 0.81 0.54 1.52
Ty 26.26 39.50%** 21.37 28.27**x
[m/min] 0.53 . 1.20 0.66 0.35
LA at T;, 3.08 5.52%*% 6.67 525
[mmol/1] 0.24 0.28 0.69 041
***p < 0.001

8 — Journal of Physiology and Pharmacology
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DISCUSSION

The previous study from this laboratory (25) showed that
thyroidectomy followed by PTU treatment decreases plasma T,
concentration from 1.48+0.15 to 0.55+0.04 ng/ml (p <0.001) in rats,
whilst daily administration of 75 pg/100 g b.w. T, to euthyroid rats for
3 days significantly elevates (p <0.001) plasma T, level (12.7042.57
ng/ml) in comparision with control values (1.48+0.15 ng/ml). Similar
concentrations of plasma T, were found in trained and untrained
animals. The data evidence that the procedures applied in the present
investigation provide clearly differentiated models of thyroid hormone
deficit and excess.

The data presented in this paper demonstrated that in experimental
hypothyroidism produced in rats not only the maximal running speed
achieved during graded exercise but also the lactate threshold were
reduced. The latter has been widely accepted as the best predictor of
endurance performance (for rev. see 20) although the physiological basis of
rapid accumulation of lactate in blood during graded exercise is still not
fully understood. It was proved, however, that the threshold is connected
with accelarated LA production in working muscles (26). Deficit of thyroid
hormones may influence the rate of lactate production at least by two
mechanisms: 1) reducing the oxidative potential of muscle cells (2, 3, 7),
and 2) diminishing free fatty acid (FFA) availability (2, 3, 5, 6). It should
be mentioned that in hypothyroid rats T,, occurred at a significantly
higher blood LA and both submaximal and maximal LA concentrations
were higher than in euthyroid controls. The 3-day administration of
trilodothyronine to hypothyroid rats shifted the LA threshold to almost
normal exercise intensities, but the corresponding blood LA concentrations
were still markedly higher than in control animals. This indicates that the
level of T, , is not a direct function of the factors increasing the rate of
LA production.

An excess of trilodothyronine, induced by 3-day injections of T, to control
rats, decreased their lactate threshold, and increased the threshold blood LA
concentration. Thus, the effects of thyroid hormone excess and deficit appeared
to be similar, although the mechanisms behind them are not identical.
Prolonged hyperthyroidism is known to enhance FFA mobilization and
muscle oxidative capacity (27) which obviously does not promote greater LA
production. However, the short-time experimentally induced T, excess may
induce opposite changes in skeletal muscles. A decline of activities of both
oxydative and glycolytic enzymes in skeletal muscles, a selective decrease in
FTa muscle fibre cross-sectional area, and increased density of beta adrenergic
receptors in all types of skeletal muscle fibers was reported in men after 14 days
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of T, administration (11—13). This was accompanied by an increase in blood
LA concentration during submaximal exercise. In rats treated with T,,
transformation of ST to FT fibers was reported (14) but it is not certain
whether this change may occur already during three days of the hormone
administration.

Numerous studies have demonstrated that endurance training induces in
men a shift of LA-treshold towards higher work loads (20, 28). The present
investigation showed that this training effect occurs also in rats. This proved
that the animal model can be of value for studies directed to explore the
physiological mechanisms underlying the anaerobic threshold phenomenon,
e.g. during experimental endocrine modifications.

Both in control and in THY + PTU animals the maximal work load as well
as LA-threshold values were significantly higher in comparison with those
obtained in untrained animals. The maximal running speed in hypothyroid rats
increased more than in euthyroid controls, whereas the increment of T, , was
slightly smaller in the former. The changes in maximal and threshold speeds
were accompanied by increments in corresponding blood LA levels in control
but not in hypothyrois rats. The present data are, therefore, in agreement with
the findings of other authors (4, 7) showing that hypothyroidsm does not
prevent development of training adaptation in skeletal muscles increasing their
oxydative potential.

The pattern of changes produced by triiodothyronine administration to
euthyroid trained animals was in general similar to that found in sedentary
controls, although the changes were less pronounced. In fact, the speed at the
LA threshold was not altered significantly. In trained hypothyroid rats T,
injections increased significantly only the threshold exercise load, without
futher improvements of maximal running performance. Both the maximal and
threshold blood LA levels increased in this group of animals.

In summary, the present study demonstrated that among factors
affecting the lactate threshold, thyroid hormones should be considered.
Both their deficit and excess shift the threshold towards lower exercise
rates and increase the overall blood lactate response to graded exercise in
the rat. Both these thyroid states impair work tolerance expressed as the
maximal running speed attained during incremental test. Endurance
training and a short-term treatment with T, reverse, to a great extent, the
deleterious effects of hypohyroidism on work tolerance and LA threshold.
However, only training reduces the increased blood lactate concentrations
at submaximal loads whilst T, administration causes further blood LA
elevation.

Acknowledgement: Dr Ryszard Zarzeczny was supported by Foundation for Polish
Science.

8/*



512

10.

11.

12.

13,

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

. Therminarias A, Lucas A. Maximum oxygen consumption and catecholamines in

thyroidectomized dogs. Pflugers Arch 1982; 395. 175—181.

Baldwin KM, Ernst SB, Herrick RE, Hooker AM, Mullin WJ. Exercise capacity and cardiac
function in trained and untrained thyroid-deficient rats. J Appl/ Physiol 1980; 49: 1022—1026.
Baldwin KM, Hooker AM, Herrick RE, Schrader LF. Respiratory capacity and glycogen
depletion in thyroid-deificient muscle. J Appl Physiol 1980; 49: 102—106.

Gollnick PD, Ianuzzo CD. Hormonal deficiencies and the metabolic adaptations of rats to
training. Am J Physiol 1972; 223: 278—282.

Kaciuba-Uscitko H, Brzezinska Z, Kobryn A. Metabolic and temperature responses to
physical exercise in thyroidectomized dogs. Eur J Appl Physiol 1979; 40: 219—226.

Paul P, Holmes WL. FFA metabolism in thyroidectomized and normal dogs during rest and
acute cold exposure. J App! Physiol 1973; 35: 250—258.

Terjung RL, Koerner J. Biochemical adaptations in skeletal muscle of trained
thyroidectomized rats. Am J Physiol 1976; 230: 1194—1197.

Wirth A, Holm G, Lindstedt G, Lundberg PA, Bjorntorp P. Thyroid hormones and lipolysis in
physically trained rats. Metabolism 1981; 30: 237—241.

Kaciuba-Uscitko H, Brzezinska Z, Kruk B, Nazar K. Thyroid hormone deficiency and muscle
metabolism during light and heavy exercise in dogs. Pflugers Arch 1988; 412: 336—337.
Nazar K, Chwalbinska-Moneta J, Machalla J, Kaciuba-Uscitko H. Metabolic and body
temperature changes during exercise in hypothyroid patients. Clin Sci Mol Med 1978; 54:
323—327.

Martin III WH, Spina RJ, Korte E et al. Mechanisms of impaired exercise capacity in short
duration experimental hyperthyroidism. J Clin Invest 1991; 88: 2047—2053.

Martin III WH, Spina RJ, Korte E. Effect of hyperthyroidism of short duration on cardiac
sensitivity to beta-adrenergic stimulation. J Am Cardiol 1992; 19: 1185—1191.

Martin III WH. Triiodothyronine, beta-adrenergic receptors, agonist responses and exercise
capacity. Ann Thorac Surg 1993; 56: S24—S34.

Fitts RH, Winder WW, Brooke MH, Kaise KK, Holloszy JO. Contractile, biochemical and
histochemical properties of thyrotoxic rat soleus muscle. Am J Physiol 1980; 238: C15—C20.
Kaciuba-Uscitko H, Greenleaf JE, Kozlowski S, Brzezinska Z, Nazar K, Ziemba A. Thyroid
hormone-induced changes in body temperature and metabolism during exercise in dogs. Am
J Physiol 1975; 229: 260—264.

Kruk B, Brzezinska Z, Kaciuba-Uscitko H, Nazar K. Thyroid hormones and muscle
metabolism in dogs. Horm Metab Res 1988; 20: 620—623.

Brzezinska Z, Kaciuba-Uscitko H. Metabolic responses to catecholamines in dogs injected
with a single dose of triiodothyronine. Arch Intern Physiol Bioch 1977; 85: 487.
Brzeziniska Z, Kaciuba-Uscitko H. Metabolic responses to adrenaline and muscle glycogen
content in dogs treated with thyroxine. Acta Physiol Pol 1979; 29: 317.

Chu DTW, Shikama H, Khatra BS, Exton JH. Effects of altered thyroid status on
beta-adrenergic actions on skeletal muscle glycogen metabolism. J Biol Chem 1985; 260:
9994—10000.

Weltman A. The Blood Lactate Responses to Exercise Human Kinetics, Champaign IL (ed.)
1995, 1—115.

Langfort J, Zarzeczny R, Pilis W, Kaciuba-Uscitko H, Nazar K, Porta S. Effect of sustained
hyperadrenalinemia on exercise performance and anaerobic threshold in rats. Comp Biochem
Physiol 1996 (in press).

Pilis W, Zarzeczny R, Langfort J, Kaciuba-Uscitko H, Nazar K, Wojtyna J. Anaerobic
threshold in rats. Comp Biochem Physiol 1993; 106A: 285—289.



23.

24,

23,

26.
21

28.

513

Langfort J, Budohoski L, Newsholme EA. Effect of various types of acute exercise and exercise
training on the insulin sensitivity of rat soleus muscle measured in vitro. Pflugers Arch 1988;
412: 101—105. |
Beaver WL, Wasserman K, Whipp BJ. Improved detection of lactate threshold during exercise
using a log-log transformation. J Appl Physiol 1985; 59: 1936—1940.

Dubaniewicz A, Kaciuba-Uscitko H, Nazar K, Budohoski L. Sensitivity of the soleus muscle to
insulin in resting and exercising rats with experimental hypo- and hyper-thyroidism. Biochem
J 1989; 263: 243—247.

Chwalbinska-Moneta J, Robergs RA, Costill DL, Fink WJ. Threshold for lactate accumulation
during progressive exercise. J Appl Physiol 1989; 66: 2710—2716.

Winder WW, Holloszy JO. Response of mitochondria of different types of muscle to
thyrotoxicosis. Am J Physiol 1977; 232: C180—C184.

Ready AE, Quinney A. Alterations in anaerobic threshold as the result of endurance training
and detraining. Med Sci Sports Exerc 1982; 14: 292—296.

Received: March 18, 1996
Accepted: April 17, 1996

Author’s address: H. Kaciuba-Uscitko, Department of Applied Physiology Medical Research

Centre, Polish Academy of Sciences, 17 Jazgarzewska Str., 00-730 Warsaw, Poland.



