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The aim of the present study was to examine the effect of treatment with
triicdothyronine (T,) on certain aspects of phospholipid metabolism in skcleta.l
muscles. Rats were 1njcctcd with triiodothyronine (T,) daily (10 pgx 100 g~* b.w,,
s.c.) for six days. Saline — treated rats served as controls. 24 h after the last dose of
Ty, 14C palmitic acid suspended in the serum of a donor rat, was administered
intravenously. Thirty min later, samples of the soleus, white and red section of the
gastrocnemius and blood from the abdominal aorta were taken. The muscle
phospholipids were extracted and separated into different fractions by means of thin
layer chromatography. The following fractions were obtained: shingomeylin, phos-
phatidylcheline  phosphatidylethanolamine, phosphatidylinositol, phosphati-
dylserine and cardiolipin. The phospholipids were quantified and their radioactivity
was measured. The plasma free fatty acid concentration and radioactivity was also
determined. Treatment with T, reduced the content of phosphatidylinositol and
phosphatidylserine in each muscle type, whereas the concentration of other
phospholipids remained stable. T, increased markedly incorporation of the
blood-borne fatty acids into each phospholipid fraction in the muscles. It is
ooncl;.lded that an excess of T, influences the metabolism of phospholipids in skeletal
muscles.

Key words: wriiodothyronine, phospholipids, skeletal muscle, rat.

INTRODUCTION

Thyroid hormones exert profound effects on intermediary metabolism (1).
Much attention has been paid to the effect of these hormones on carbohydrate
metabolism in skeletal muscles. The major effects of hyperthyroidism are:
reduction in the glycogen, glucose — 6-phosphate and glucose 1-phosphate
contents (2—6), elevation in free glucose and lactate contents (6) elevation in
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the activity of hexokinase, glycogen phosphorylase and glycogen synthase
(7, 8), increased insulin-stimulated glycolysis, glucose oxidation and glycogen
synthesis (3, 9, 10).

Surprisingly, there are only few data on the role of thyroid hormones in
muscle fat metabolism. Hyperthyroidism has been shown to reduce the content
of triacylglycerols and activity of lipoprotein lipase in the red section of vastus
lateralis in the rat. Hypothyroidism is accompamied by increased activity of the
enzyme and decreased content of triacylglycerols in the muscle (11, 12). Deficit
of thyroid hormones has also been shown to affect the content and composi-
tion of phospholipid fatty acids in the sarcoplasmic reticulum of the skeletal
muscle of the rat (13).

The aim of the present study was to investigate the effect of treatment
with triiodothyronine on the content of phospholipids and incorporation
of the blood borne 14 C-palmitic acid into the phospholipid moieties in
different skeletal muscle types in the rat. The results obtained clearly
showed that hyperthyroidism markedly affects the muscle phospolipid me-
tabolism.

MATERIALS AND METHODS

The experiments were cartied out on male Wistar rats fed ad libitum a commercial
pellet diet for rodents. A 12 h light/dark cycle was maintained in the animal quarters. The
animals were divided into two groups: control (C) and treated with triiodothyronine (T,).
Triiodothyronine (Sigma) was injected subcutaneously in a dose of 10pug-100"' g of body
weight, daily for six days. Control rats were treated with saline according to the same
protocol. The body mass of rats before trecatment was: C-291+12 g and T — 294113 g,
and after the treatment: C — 295+14 g, T — 274416 g (in case of T, p < 0.0l vs. the
respective mass before treatment). 24 h after the last injection of saline or T, rats were
anaesthetised with pentobarbital sodium (ip) and 14C-palmitic acid (DuPont, S.A. 57
mCi-mmol ') suspended in the serum of a donor rat (0.1 mil- 100 g~') was administered to
the femoral vein. 30 minutes later samples of the white and red section of the gastroc-
nemius, and the soleus muscles as well as blood from the abdominal aorta were taken. The
muscle samples are composed mostly of the fast-twitch glycolytic, fast-twitch oxidative
— glycolytic and slow-twitch oxidative fibers, respectively (14, 15). The muscle samples were
homogenised in chloroform/methanol in a glass homogenizer and lipids were extracted
according to Bligh and Dyer (16). The muscle phospholipids were fractionated by means of
thin layer chromatography using silica plates (Kieselgel 60, 0.25 mm, Merck) and a de-
veloping solvent composed of chloroform, methanol, acetic acid ad water (50:37.5:3.5:2
v/v/v/v} (17). The phospholipid spots were visualised under an ultraviolet lamp after spray-
ing the plates with 0.5% solution of 2'T-dichlorofluorescine in absolute methancol and short
exposure to ammonium vapours. The following phospholipids were obtained: sphingomyelin,
phosphatidyicholine, phosphatidylinositol, phosphatidylethanclamine, phosphatidylserine and
cardiolipin. The phospholipids obtained from muscles of one hind limb were quantified by
measuring the content of phosphorus (18). The gel spots containing phospholipids obtained
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from the muscles of the contralateral hind limb were scraped off the plate into the scintilla-
tion wvials, scintillation cocktail (Ultima Gold, Packard) was added and radioactivity was
measured (Tri-carb 1900 Packard). In a separate experiment 14 C-palmitic acid was adminis-
tered as above. Blood samples were taken from the carotid artery in 0.5, 1, 3, and 5 min
after administration of the label. The plasma concentration of free fatty acids was deter-
mined according to the method of Duncembe (19). Radicactivity of the plasma free fatty
acids was also measured. In order to do it, the plasma lipids were extracted according to
Bligh and Dyer (16), and separated into different fractions on the silica plates using a de-
veloping solvent composed of heptane, isopropyl ether, acetic acid (60:40:3 v/v/v (20). The
band containing free fatty acids was scraped off the plate and its radioactivity was counted
as above. The results obtained were evaluated statistically using the Student t-test for
unpaired data.

RESULTS

Plasma. The plasma free fatty acid concentration was: control
—2349+29.1, T,-treated — 717.4+56.5 pmol- 1~ . The rate of clearance of
14 C-palmitic acid from plasma was similar in both groups. Most of the
radioactivity disappeared within the first five minutes after administration of
the label (Fig. 7). The specific activity of the plasma free fatty acids in T,
— treated rats was much lower at each time point than the corresponding
values in the control group (Fig. 2).

percent of plasma FFA radicactivity

time (min)

Fig. I. 14 C-palmitic acid clearance rate from plasma. Values represent percent of radioactivity in
the 30s after administration of the label
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specific activity of plasma FFA

time (min)

Fig. 2. Specific activity of the plasma free fatty acids (dpm-pmol~™! FFA-10"%),

The muscle phospholipid content (umol of P-g~') (Table ).

Treatment with T, had no effect on the content of sphingomyelin,
phosphatidylcholine, phosphatidylethanolamine and cardiolipin, and it reduc-
ed the content of phosphatidylserine and phosphatidylinositol in each muscle.
The total content of phospholipids remained stable after treatment with T,.

Table 1. The content of phospholipids (umol P-g~ ') in the muscles of triiodothyronine — treated
rats. The results are means+5D. N = 10.

Soleus Red Gastrocnemius White Gastrocnemius
C T C T C T
SM 0.67+007 | 060+008 | 0681009 | 0.59+1.10 | 0.60+0.10 | 0.50+0.08
PCH 6661081 | 6,67+1.18 | 6601056 | 7.491+096 | 5314074 | 6.18+1.12
PS 1084017 | 0.764+0.09¢| 0931+0.15 | 0.78+0.10*| 0.69+0.12 | 0.561+0.07*
PI 1244024 | 0954+0.16"% 1.10+0.13 | 091+0.09% 093+0.10 | 0.8140.10*
PE 4411087 | 508+1.03 | 4494079 | 5184054 | 297+0.50 | 2.7840.25
C 1.0040.15 | 1.22+0.18 1.21£021 | 1.304£0.29 | 0444008 | 0.5440.10
TO 150642.22 {15.16+3.73 | 15.01+1.27 [1620+2.07 | 10.89+0.98 {11.29+0.32

C — control, T — treated with triiodothyronine.

SM — sphingomyelin, PCH — phosphatidylcholine, PS — phosphatidylserine.
Pl — phospatidylinositol, PE — phosphatidylethanolamine, C - cardiolipin.
TO -— sum of the content of individual phospholipids.

* — p <005 vs. the respective valuc in the control group.

b p< 001

¢ — p<0.001
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The specific activity of phospholipids (dpm - umol of P~'-1072) (Table 2).

The specific activity of sphingomyelin in the soleus and red gastroenemius,
phosphatidylserine and phosphatidylinositol in the soleus and cardiolipin in
both sections of the gastrocnemius was elevated in T, — treated rats. T,
reduced the specific activity of phosphatidylcholine in each muscle and
phosphatidylethanolamine in the soleus and red gastrocnemius.

Table 2. Specific activity of skeletal muscle phospholipids (dpm - pmol P~1-1072) of rats treated
with trilodothyronine. The muscle samples were taken in 30 min after administration of the label.

N = 10.
Soleus Red Gastrocnemius White Gastrocnemius
C T C T C T
SM 218146 35.1+74% 20.2+3.2 30.21+49° 228424 257438
PCH 255448 179+3.7" 6+76 16.94+3.2¢ 27.316.1 1664£19°
PS 121424 | 185+52" 142428 17.7+3.5 183412 | 226452
PI 11.74 1.3 174+38" 13.0+23 150423 139413 166136
PE 98+1.6 57+12¢ 96+21 59409 8.0+1.0 69+1.0
C 102426 96+2.1 6.7+1.6 11.7+28" 103124 245+3.0¢
Legends as in Table 1.
DISCUSSION

The results obtained clearly show that treatment with triiodothyronine (T,)
affects metabolism of the skeletal muscle phospholipids.The content of phos-
phatidylinositol and phosphatidylserine was reduced, whereas the content of
other phospholipids remained unchanged in each muscle. Since phos-
phatidylinositol and phosphatidylserine comprise only a small portion of
muscle phospholipids the total content of phospholipids remained unchanged.
Cardiolipin is synthesised and located in mitochondria (21). It is known that
long term treatment with thyroid hormones increases the oxidative capacity of
the muscle mitochondria. The elevation in mitochondrial enzyme activities is
more pronounced in a muscle composed of slow-twitch fibers than in a muscle
composed of fast — twitch fibers (22). Treatment with thyroid hormones for the
shorter period of time had no effect on the activity of the mitochondrial
enzymes in the muscles, though their activity in the liver increased markedly
over the same period (23). Our rats were treated with T, for only 6 days. This
might account for the lack of a significant elevation in the content of
cardiolipin in the muscles. Studies performed on other tissues also indicate that
the content of particular phospholipid fractions may be regulated individually.
Treatment with isoprenaline increases incorporation of (*2P) Pi into the heart
sphingomyelin to a greater extent than into the other phospholipids examined
(24). Insulin stimulates turnover of phosphatidylcholine but not other choline
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phospholipids in rat adipocytes (25). The effect of diabetes on the phospholipid
composition in human blood cells depends both on the phospholipid fraction
and the cell type (26). Triiodothyronine treatment increases the content of
cardiolipin, phosphatidylinositol and phosphatidylserine but reduces the con-
tent of phosphatidylethanolamine and phosphatidylcholine in rat heart
mitochondria (27). In the present study we have provided evidence for
a selective effect of trilodothyronine excess on the phospholipid content in
skeletal muscles. As it can be seen from Fig. I T, excees did not affect the rate
of 14 C-palmitic acid clearance from the plasma and most radioactivity was
eliminated within the first five minutes after administration of the label in both
groups. However, at the same time, specific activity of the plasma free fatty
acids in T, — treated rats was much lower than in the controls (by 54—59%).
In the other words, the label was more “diluted” in the plasma free fatty acids
of T, rats than in the controls (~2.3 times in the first five minutes). This
indicates that the labeled palmitic acid represents a smaller percent of total
fatty acids taken by the myocytes and incorporated into the phospholipid
moieties in T, — treated than in the control rats. In consequence, the real
amount of fatty acids incorporated into the muscle phospholipids of T,
— treated rats was over twice as high as that shown by the specific activity of
the phospholipids. Obviously, it was much higher than in the control group.
Since the content of phospholipids remained either stable or was reduced (in
the case of phosphatidylinositol and phosphatidylserine) in the experimentally
hyperthyroid rats, the above data strongly suggest that T, increases not only
acylation but also deacylation of the phospholipid moieties in the muscles.
Several features of the cell membranes depend on the fatty acid composition of
their phospholipids (28—30). Our results suggest that an excess of T, may
facilitate changes in the composition of the myocyte phospholipid fatty acids,
and thus may modify certain properties of the membranes.

Acknowledgements: This work was supported by Medical Academy of Bialystok grant
nr AMB 183543,

REFERENCES

1. Finke R, Schleusener H, Hierholzer K. The thyroid gland. Thyroid hormones, their origin and
their mechanism of action. In: Greger R and Windhorst U (eds.; Comprehensive Human
Physiology. From Cellular Mechanisms to Integration. Springer 1996.

2. Brzezinska Z, Kaciuba-Uscilko H. Low muscle and liver glycogen contents in dogs treated
with thyroid hormones. Horm Metab Res 1979; 11: 675—678.

3. Dimitriadis GD, Leighton B, Vlachonikolis IG, Part-Billings M, Challiss RAJ, West D,
Newsholme E. Effects of hyperthyroidism on the sensitivity of glycolysis and glycogen
synthesis to insulin in the soleus muscle of the rat. Biochem J 1988; 253: 87—92.



15.

16.

18.
19.

20.

21.

22,

23.

24,

25.

109

. Kudelska G, Gorski J, Swiatecka J, Gérska M. Effect of exercise on glycogen metabolism in

muscles of triiodothyronine-treated rats. Eur J Physiol 1996; 72 496—501.

. Wiles CM, Young A, Jones DA, Edwards RHT. Muscle relaxation rate, fibre-type composition

and energy turnover in hyper- and hypo- thyroid patients. Clin Sci 1979; 57:375—384.

. Kruk B: Brzeziiska Z, Kaciuba-Uscitko H, Nazar K. Thyreid hormones and muscle

metabolism in dogs. Horm Metab Res 1988; 20: 620—623.

. Krause EG, Wollenberger A. Influence of thyroid state on enzymes of glycogen metabolism in

rat skeletal muscle. Acta Biol Med Ger 1968; 21: 615—624.

. Kubista V, Kubistova J, Pette D. Thyroid hormone induced changes in enzyme activity pattern

of energy-supplying metabolism of fast (white) and slow (red) and heart muscle of the rat. Eur
J Biochem 1971; 18: 553—3560.

. Dubaniewicz A, Kaciuba-Uscilko 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: 243247,

. Leighton B, Dimitriadis GD, Parry-Billings M, Bond J, Keys P, Newsholme EA. Thyroid

hormone analogue SKF L:94901; cffects on amino acid and carbohydrate metabolism in rat
skeletal muscle in vitro. Biochem Pharmacol 1990; 40: 1161--1164.

. Kaciuba-Uscitko H, Dudley GA, Terjung RL. Influence of thyroid status on skeletal muscle

LPL activity and TG uptake. Am J Physiol 1980; 238: E518—E523.

. Kaciuba-Uscilko H, Dudley GA, Terjung RL. Muscle LPL activity, plasma and muscle

triglycerides in trained thyroidectomized rats. Horm Metab Res 1980; 13: 688 —689.

. Simonides WS, Van Hardeveld C. Effects of hypothyroidism on the distribution of fatty acyl

composition of phospholipids in sarcoplasmic reticulum of fast skeletal muscle of the rat.
Biochem Biophys Acta 1987, 924: 204—209.

. Ariano MA, Armstrong RB, Edgerton VR. Hindlimb muscle fiber population of five mammals.

J Histochem Cytochem 1973; 21: 51—53.

Sullivan TE, Armstrong RB. Rat locomotory muscle fiber activity during trotting and
galloping. J Appl Physiol Respir Environ Exerc Physiol 1978, 44: 358—1363.

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification. Can J Biochem
1959, 37: 911—917.

. Mahadevappa VG, Holub BJ. Chromatographic analysis of phosphoinositydes and their

breakdown products in activated blood platelets/neurophils. In: Kuksis A (ed.). Chromatogra-
phy of lipids in biochemical rescarch and clinical diagnosis. Journal of Chromatography
Library, Amsterdam 1987, 37 225—265.

Bartlett GR. Phosphorus assay in column chromatography. J Biof Chem 1939, 234: 466—478.
Duncombe WG. The colorimetric micro-determination of nonesterified fatty acids in plasma.
Clin Chim Acta 1964; & 122—125.

Conquer J, Mahadevappa VG. Evidence for the possible involvement of protein kinase C in
the activation of non-specific phospholipase A, in human neutrophils. J Lipid Med 1991, 3:
112—123.

Hoch FL. Cardiolipins and biomembrane function. Biochem Biophys Acta 1991; 1113: 71—133.
Winder WW, Holloszy JO. Response of mitochondria of different types of skeletal muscle to
thyrotoxicosis. Am J Physiol 1977; 232 C180—CI84.

Winder WW, Baldwin KM, Terjung RL, Holloszy JO. Effect of thyroid hormone administra-
tion on skeletal muscle mitochondria. Am J Physiol 1975; 228: 1341—1345.

Novakova O, Drankova J, Kukista V, Novak F. Regulation of phaspholipid degradation
and biosynthesis in the heart by isoprenaline: effect of mepacrine. Physiol Res 1994; 43:
151—156.

Macauly SL Larkins RG. Insulin stimulates turnover of phosphatidylcholine in rat adipocytes.
Mol Cell Biochem 1994; 136: 23—28.



110

26.

27.

28.

29.

30.

Labrouche S, Freyburger G, Gin H, Boisscau MR, Cassagne C. Changes in phospholipid
composition of blood cell membranes (erythrocyte, platelet, and polymorphonuclear) in
different types of diabetes — clinical and biological correlation. Metabolism 1996; 45: 57—62.
Paradies G, Ruggiero FM. Effect of hyperthyroidism on the transport of pyruvate in rat-heart
mitochondria. Biochim Biophys Acta 1988; 935: 7986,

Forse RA, Chavali SR. Modification of the cell membrane structure and function with Iree
fatty acids. In: Tellado JM, Forse RA, Solomkin JS (eds.). Modulation of the inflammatory
response in severe sepsis. Prog Surg, Karger, Basel 1995 200 147—155.

Hagve T-A. Effects of unsaturated fatty acids on cell membrane functions. Scand J Clin Lab
Invest 1988; 48: 381—388.

Stubbs CD, Smith AD. The modification of mammalian membrane polyunsaturated fatty acid
composition in relation to membrane fluidity and function. Biechim Biophys Acta 1984, 779:
89—137.

Received: May 26, 1999
Accepted: November 24, 1999

Author’s address: Dr Malgorzata Zendzian-Piotrowska, Department of Physiology, Medical

Academy of Bialystok, 15-230 Bialystok, Poland, tel. (48,85) 742-03-30, fax: (48,85) 742-49-07.
e-mail: piotrowm @@amb.ac.bialystok.pl



