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EFFECTS OF THYROID HORMONE ON SARCOPLASMIC RETICULUM Ca®™
UPTAKE AND CONTRACTILE PROPERTIES IN RAT SOLEUS MUSCLE

TAKASHI YAMADA and MASANOBU WADA

Abstract

The effect of hyperthyroidism on the contractile properties and Ca” ™ sequestering abilities by
the sarcoplasmic reticulum (SR) in the soleus muscles was examined in rats treated with thyroid
hormone (3, 5, 3"-triiodo-L-thyronine, T3) (300 #g/kg body weight) for 3, 7 and 21 days. At the end
of a given treatment period, the right or left soleus muscle was mounted isometrically at 30C, and
stimulated directly using supramaximal current intensity. A twitch contraction was elicited byal
msec square-wave pulse and a tetanic contraction by 20 Hz stimulation for 600 msec. To evaluate
fatigue resistance, muscles were stimulated at 40 Hz for 350 msec with tetani repeated at an interval
of 2 sec during a 4-min period. Another soleus muscle was used for analysis of SR Caz+-uptake rate
and SR Ca®" -ATPase activity. Pronounced increases in SR Caz+~uptake rate and ATPase activity
were observed after Ty treatment periods longer than 6 days. These alterations were accompanied
by decreases in twitch and tetanic tension, half-relaxation time, and fatigue resistance. The Ts-
treated muscles stimulated at 20 Hz relaxed during the interval between successive stimuli, indicat-
ing that the mechanical fusion of tetanic contractions was incomplete. SR Ca®™ uptake rate was
significantly correlated both to tetanic tension and to fatigue resistance. These data suggest that
there may be a causal relationship between changes in SR Ca®™" uptake and the loss of muscular
strength in the hyperthyroid soleus.

(Jpn. J. Phys. Fitness Sports Med. 2004, 53 : 509~518)
key word : hyperthyroidism, contractile property, sarcoplasmic reticulum, ca®t uptake rate,
relaxation
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Table 1. Body, heart and soleus muscle weights of control (C) and experimental (E) rats.
Heart Soleus

Rat n BW(g) HW (mg) HW/BW (mg g") SW(mg)  SW/BW (mgg")
C3 7 3129+ 89 867.1+£42.1 2.77 £ 0.08 109.5+7.4 035+0.02
E3 7 2900+ 184  947.2+289* 3.31+0.12** 1099+ 124 0.37+0.02
C7 7 315.7+94 881.9 £ 59.7 2.79+0.15 114.1+88 0.36+0.03
E7 7 202.1+206 1066.2 +43.1* 374+ 024** 101.5+84 035+002
C21 7 358.6+12.6 960.8 + 38.5 2.68 +0.06 1200+ 123 0.33£0.02
E21 7 322.1+£74% 1377.3£30.0%*° 428+0.1*** 99645 031£0.0]

Values are means = SE. n, number of samples ; BW, body weight ; HW, Heart weight ; SW,
soleus weight, C3, C7 and C21, 3-day, 7-day and 21-day control groups, respectively, E3, E7
and E21, 3-day, 7-day and 21-day experimental groups, respectively. * p<0.05, **P<0.01,
compared with age-matched control group ; ap<0.05, compared with 3-day treated muscle ;
bp<(.01, compared with 7-day treated muscle.
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Fig. 1. Typical traces of tetanus in 3-day (a) and 21-day (b) Tg treated rat soleus

muscle. Experimental rats were treated with 3, 5, 3'-triiodo-L-thyronine (T3). C,
control ; E, experimental.
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Fig. 2. Original force records from typical fatigue runs in soleus muscles from control
(a) and experimental (b) rat. Experimental rats were treated with 3, 5. 3'~triiodo-L-
thyronine (T3) for 21 days.
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Fig. 3. Effect of duration of hyperthyroid state on the
fatigability of rat soleus muscle. Values for force pre-
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Table 2. Contractile properties, SR Ca®T -ATPase activity and SR ca®t uptake rate.

Twitch 1/2 relaxation time Tetanus SR Ca?*-ATPase activity SR Ca’" uptake rate
Rat n (g/em?) (ms) (g/cm?) (Mmol/min/g prot) (4mol/min/g prot)
C3‘ 7 611.5+52.0 64.3+3.7 24424 +135.8 907.3+ 81.7 223+27
E3 7 522.7+394 55.7+3.0 2236.3 + 148.2 971.9+70.8 209+2.8
C7 7 682.0+457 71.4+4.0 2671.5+131.8 9105+ 74.1 170+ 1.7
E7 7 576.9 + 54.3* 45.7 £ 10.0* 2128.0 £ 118.1%* 1560.5 + 92.7*** 29.3 £ 3.2%*
C21 7 757.6 £ 67.0 67.1+3.6 253242105 899.0£55.6 18.7+2.1
E21 7 490.5 + 66.8* 41.4 £ 3.4** 1682.7 + 156.4** 2077.1 £ 90.1%**° 373+ 1.7%**

Values are means = SE. n, number of samples ; C3, C7 and C21, 3-day, 7-day and 21-day control groups,

respectively, E3, E7 and E21, 3-day, 7-day and 21-day experimental groups, respectively. *p<0.05, **p<

0.01, compared with age-matched control group ; 2p<0.05, compared with 3-day treated muscle ; bp<0.01,

compared with 7-day treated muscle.
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Fig. 4. Plot of tetanic tensions vs. SR ca’t uptake rates. Each
point represents an individual muscle. Line was computed
by linear regression.
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AWFZE T, 20Hz DAL ORIBHRE 2 &8 L C
Whwieo, k) EEERICBWCRMEDICE
BYPELLNEINEIARHEATHSL. LPLEHDH,
BN ThHHL T AFHIREBHEEDA XV A%
FTHE Y, RCEEENY T ORI IZEL
R bld, BHEBICIBOWTEHVRNARETE
Bl B e, EERANTIIEELGHIPVETL
TWAI LEEKRL TV,

Everts 5313 Ty % 4 #M#H S L 721£12, SOL
B AEFTHEORTAEL I E2HmELT
VB, ARFETIZS & ICRBOBEED, S Z0%
{fbHpke 2 B 2 EATRENT. BIT/INEICHFETRET S
Je RrRYy Y rERMAE,S SR O Ca®T KT
YU RNAND YT FIREIZE, Ve FOEYY
VERERO—EH) YEBILENELENHY,
DY) YEALIZIZ ATP D3R & - TH S N5
Vo UBHWwWSENLE EEZ SRNTWAEYY . caged
ATPOE% BBETT 5 & ATP 28T 21LEW) &
7z Allen 520 ORFZ21E, ATP O AT
LKEAT/NE S SR ND Y 7 FIVEEDREHN A
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