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BALSAM, ALAN, AND LYNN E. LEPPO. Assessment of the degradation 
of thyroid hormones in man durirxg bed rest. J. Appl. Physiol. 38( 2) : 2 16- 
219. 1975.-The effect of bed rest on the absolute turnover rates 
of thyroid hormones, thyroxine (T4) and triiodothyronine (TJ, 
was evaluated in man. Bed rest resulted in physical deconditioning, 
measured by a decreased rate of maximal oxygen consumption; 
physical deconditioning was associated with no significant altera- 
tions in the metabolic clearance of T4 and Ta. Plasma concentra- 
tions of these iodothyronines were not changed as a result of bed 
rest. Absolute hormone turnover rates were similar in control and 
bed-rest subjects. The data suggest that the degradation of thyroid 
hormones is not influenced by physical deconditioning or hypo- 
dynamia. 

L-thyroxine; L-triiodothyronine; hypodynamia 

PHYSICAL CONDITIONING (1) and physical deconditioning (2) 
in man are associated with diverse physiological alterations. 
Previous investigations have demonstrated a relationship 
between physical conditioning and the metabolism of 
thyroxine (Td) (4, 5). I ncreased degradation of Td has 
been noted in thoroughbred race horses (5) and track 
athletes (4) in training. The effect of physical deconditioning 
on the secretion and metabolism of thyroid hormones in 
man is, however, uncertain. Recent studies of the effect of 
hypodynamia in man disclosed increased plasma binding of 
triiodothyronine (Ts) (6, 17) and increased concentration of 
Td (17) associated with bed rest. These changes have been 
attributed to increased hormone binding by plasma proteins 
due to contraction of the extracellular fluid volume during 
bed rest (6). The present study was undertaken to examine 
the effect of physical deconditioning induced by bed rest on 
the metabolism of thyroid hormones; radioisotopic methods 
were used to assess simultaneously the degradation rates of 
Tq and T3. 

MATERIALS AKD METHODS 

Fourteen male volunteers, aged 18 to 23 yr, participated 
in a study designed to assess the peripheral turnover of 
thyroid hormones during bed rest. Complete physicals and 
clinical laboratory examinations were normal in all sub- 
jects; no past history of thyroid disease was elicited. The 
participants were divided into two equal groups: the experi- 
mental group was maintained in the supine position at bed 
rest for 17 days; the control group was permitted normal 
activity during the same period. 

Seventy-two hours after the beginning of bed rest, all 
subjects received intravenous injections of a combined 
dose containing 74 r.lCi L-[1311] triiodothyronine ( [1311]T3)- 
specific activity 3 1 pCi/pg-and 37 PCi L-[125I] thyroxine 
([1251]Ta)-specific activity 69 &‘pg-diluted in 1 % hu- 
man serum albumin in normal saline. The labeled iodo- 
thyronines were obtained from Abbott Laboratories, N. 
Chicago, Ill. The hormones were dialyzed separately in 
normal saline as described previously ( 10) and were then 
diluted and combined. The hormone preparation was 
sterilized by passage through a Swinex millipore filter (0.22 
pm). Hormone turnover was assessed from the plasma 
disappearance kinetics of injected tracer iodothyronines. 
Heparinized blood samples were obtained 10 min and 2, 5, 
10, and 24 h postinjection, twice daily during the following 
4 days, and once daily thereafter until 2 wk after the injec- 
tion. During the turnover study, subjects ingested Lugol’s 
iodine, 5 drops daily. 

Plasma iodothyronine activity was taken as the difference 
between trichloroacetic acid (TCA)-precipitable activity 
and radioactivity that was not extractable with ethanol (9). 
All specimens were assayed for radioactivity, together with 
a dilution of the injected dose, in a dual-channel gamma 
spectrometer and expressed as a percent of the injected dose. 

Single-compartment analysis was applied to the plasma 
disappearance curve of T 4. Following equilibration of the 
hormone in the distribution space during a 24- to 48-h 
period postinjection, the plasma disappearance curve of Td 
approximated a straight line on semilog plot (Fig. 1). A 
straight line was fitted to the linear portion of the curve by 
the least squares method. The plasma fractional exit rate is 
the slope of this straight line, and the hormone distribution 
space is the reciprocal of the antilog of the ordinate inter- 
cept- The metabolic clearance rate is taken as the product 
of the fractional exit rate from plasma and the hormone dis- 
tribution space. The concentration of Td in plasma was 
measured by column chromatography at Bioscience Lab- 
oratories, Van Nuys, Calif. The absolute degradation rate 
of Td was determined as the product of the metabolic clear- 
ance and the concentration of the hormone in plasma. 

The disappearance of T3 from plasma was measured for 
7 days following injection of the dose. The plasma disap- 
pearance of T3 24-48 h postinjection did not exhibit a pat- 
tern of single exponential decay, as noted in the case of Td, 
but appeared curvilinear in a semilog plot (Fig. 1). Thus, 
the metabolic clearance of T3 was calculated as the quotient 
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FIG. 1. Mean plasma disappearance curves of simultaneously in- 
jected [131X]T3 and [1251jTd in seven controls and seven subjects during 
bed rest. Radioactive plasma hormone concentrations: Td, q = con- 
trol, 0 = bed rest; T3, l = control, 0 = bed rest. 

of 100, the total percent dose injected, and the area sub- 
tended by the plasma disappearance curve, as proposed by 
Tait ( 16). The application of this technique to the meas- 
urement of the metabolic clearance of Ts was suggested by 
Oppenheimer et al. ( 10). The concentration of T 3 in plasma 
was assessed by radioimmunoassay in duplicate on a sample 
obtained on day 10 of bed rest (15.)l The absolute degrada- 
tion of Tx was calculated as the product of the metabolic 
clearance and the concentration of this iodothyronine in 
plasma. 

The binding of T4 by plasma proteins was evaluated by 
equilibrium dialysis of diluted plasma ( 11). The dialyzable 
fraction is proportion al to the original free hormone in un- 
diluted plasma. 

RI~~.JLT~ (TABLE 1) 

Physical deconditioning was documented in the bed rest 
group by measuring the rate of maximal oxygen consurnp- 
tion (voz) before and immediately following bed rest ( 11). 
The mean level of oxygen consumption decreased 19.5 % 
in the inactive group: $02, ml/kg lean body mass per min 
(mean + SE) pre-bed rest, 65.5 + 2.4; post-bed rest, 
52.7 & 1.7 (P < 0.001, by the “paired” t-test). A smaller, 
nonsignificant decrease in the rate of maximal oxygen con- 
sumption and marked variability in individual measure- 
ments were noted in the control group : prestudy, 64.7 =t 
2,3; post-study, 56.7 & 12.5 (P > 0.05, nonsignificant). 

The fractional disappearance of thyroxine (TJ from 
plasma was not significantly slowed during bed rest (Table 
1). The mean plasma fractional removal of TJ was de- 
creased 10.2 % compared with that measured in controls; 
however, the decrease was not statistically significant (p > 
0.05). The volume of distribution of Td and the metabolic 
clearan ce of this hormone lvere not significantly altered. 

’ Measured by Drs. hl‘. I. Surks and J- EL Oppenheimer. 

The mean concentration of plasma Td (avg concn of &ys I, 
10, and 17) was not significantly increased in the experi- 
mental subjects. The mean =t SE dialyzable fraction of Td 
(DF) and free T 4 concentration (FT4, ng/ 100 ml) (avg of 
days I, 10, and 17) were not significantly altered: DF, con- 
trol 0.0602 =t 0.00586, bed rest 0.0589 & 0.00404 (P > 
O.OS), FT4, control, 2.51 & 0.329, bed rest 2.61 & 0.204. 
The absolute degradation rate of thyroxine was not changed. 
The metabolic clearance of Ta was unaltered during bed 
rest2 (Table 1). The plasma concentration and the absolute 
degradation of Ta were similarly unchanged. 

DISCUsSION 

Previous studies of thyroid activity during bed rest have 
delineated changes in plasma levels of Td and in the in vitro 
assessment of plasma Ta binding. Vernikos-Danellis and 
co-workers ( 17) noted a prompt decrease in the Ta resin 
uptake that was sustained during 56 days of bed rest. Addi- 
tionally, a transient increase in the mean daily concentra- 
tion of T4 was observed by these investigators during the 
first 10 days of bed rest. Leach et al. (6) noted a significantly 
decreased Tx resin uptake in a group of subjects after 6 days 
of bed rest. An attendant nonsignificant increase in the con- 

centration of T4 was observed. The changes in serum Td 
levels and plasma hormonal binding were noted i n associa- 
tion with a significantly decreased plasma volume m easured 
by the dilution of intravenously injected radioiodinated 
albumin (6). The detection of a contracted plasma volume 
during bed rest by Leach et al, confirmed earlier observa- 
tions of Miller et al. (7). These investigators observed a 15 % 
reduction in the plasma volume of subjects after 11 days of 
a 28-day period of bed rest. 

Irvine (4) has suggested that physical inertia may slow 
the degradation of T 4, based on turnover measurements in 
inactive subjects. He observed that the mean fractional 
degradation rate of Tq in a group of sedentary human con- 
trols leas approximately 10 % lower than the corresponding 
age and sex corrected figure obtained from the data on Td 
turnover compiled by Oddie et al. (8). However, this ob- 
servation could not be evaluated statistically. In the present 
study, a similar insignificant slowing of the fractional degra- 
dation rate of TJ was noted. The small magnitude of these 
changes appears to raise doubt of their possible biological 
significance. 

The effect of drug-induced sleep in the course of sleep 
therapy on the plasma protein-bound iodine concentration 
and plasma T4 turnover was assessed in a study by Reichlin, 
Koussa, and Witt ( 12). A ccelerated turnover of Td and no 
change in plasma PI31 was noted as a result of sleep therapy. 
The implications of these data regarding physical inertia are 
limited. Moreover, phenobarbital administered in daily 
dosage of 240-260 mg in this study may have been respon- 
sible for the increased Tll turnover, since hepatic smooth 
endoplasmic reticulum induction by this agent is associated 
with augmented metabolism of T:l in the rat (9). 

The current study provides quantification of the absolute 

2 The impact of 10 days’ bed rest on T3 turnover was assessed since the 
hormone was injected on the third day of bed rest and the relatively 
short biological half-life of T3 (l-l .5 days) permitted the measurement 
of T3 turnover in plasma for only 7 davs. 
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TABLE 1. ($ant$zcation of the turnover uf thyroid hormones during bed rest 

A. BALSAM AND L. E. LEPPO 

T4 Kinetics T3 Kinetics 

w kg k/24 h ‘G’t, liters MCiEr/ 
PT4, TD4, 

pg/lOO ml w’24 h 
M C;tXers/ PT3, TD 3, 

ng/lOO ml 424 h 

Control subj 
1 

2 
3 
4 
5 
6 
7 

19 98 0.114 13.25 1.52 5.1 77.5 25.5 143 36.5 
19 62 0.136 9.25 1.26 5.8 73.1 19.8 141 27,9 
23 72 0,105 10.66 1.12 6.3 70.6 18.9 153 28.9 
19 63 0.124 9.15 1.14 5.5 62.7 17.6 146 25.7 
18 70 0,110 10.56 1.16 7.0 81.2 21.9 128 28.0 
18 85 0,134 12.61 1 l 68 5.8 97.4 26.7 156 41.7 
20 63 0.106 9.81 1.04 6.3 65.5 18.3 118 21.6 

Mean 19.4 73 0.118 10.76 1.27 6.0 75.4 21.3 141 30.0 
zt SE 0.64 5 0.0049 0.61 0.089 0.23 4.39 1.36 5.1 2.57 

Rest subj 
8 
9 

10 
11 
12 
13 
14 

19 74 0.115 10.94 1.25 6.7 83.8 22.2 133 29.5 
18 66 0.111 11.04 1.22 5.5 67.1 20.1 121 24.3 
20 62 0.111 9.93 1.10 6.3 69.3 19.4 158 30.7 
20 84 0.089 14.53 1.29 7.0 90.3 25.1 159 39.9 
19 79 0.097 11.28 1 .lU 7.2 79.2 20.5 157 32.2 
19 57 0.115 8.36 0.96 8.7 83.5 16.8 147 24,7 
19 84 0.104 12.13 1.26 5.7 71.8 22.3 162 36,l 

Mean 19.1 72 0.106 11.17 1.16 6.7 77.9 20.9 148 31 .I 
rt SE 0.26 4 0.0037 0.72 0,045 0.41 3.27 0.99 5.9 2,15 

Plasma turnover of iodothyronines- was measured following intravenous injection of L-[ 1251]thyroxine (Th) and L-[1311]triiodothyronine 

(Ts) in 7 control and 7 experimental male volunteers during a 17-day period of bed rest. k, plasma fractional exit rate; Vt, hormone 
distribution volume; MC, metabolic clearance. PT4 and PT3 denote the plasma concentrations of total hormone, and TD4 and TD3 sig- 
nify degradation rates of T4 and Ts, respectively. 

degradation rates of T 3 and T4 during bed rest. A number of 
previous studies have demonstrated that primary alterations 
in the binding of T4 by plasma proteins result in no changes 
in hormone flux (3, 13). Thus, increased plasma concentra- 
Cons of Tq binding proteins would be expected to result in 
slowed fractional removal rate, contracted distribution 
space, increased plasma concentration and unchanged ab- 
solute turnover of the hormone. In view of the normal 
hormone flux measured during bed rest, it is concluded that 
previously observed changes in the plasma concentration of 
Td and the binding of Tx and Td by plasma in man during 
bed rest are independent of changes in hormone degrada- 
tion. 

The authors are indebted to Major Richard D. Sinclair for per- 
forming the maximal oxygen consumption rate measurements and to 
Mr. Alton J. Rahe for mathematical and statistical consultations. 

The research reported in this paper was conducted by personnel of 
the Environmental Sciences Division, USAF School of Aerospace 

Medicine, Aerospace Medical Division, AFSC, United States Air 
Force, Brooks AFB, Texas. Further reproduction is authorized to 

satisfy the needs of the US Government. 

The voluntary informed consent of the subjects used in this research 
was obtained in accordance with AFR 80-33. 

Address for reprint requests : A. Balsam, Dept. of Internal Medi- 

cine, Veterans Administration Hospital, 4500 S. Lancaster Rd., 

Dallas, Texas 75216. 

Received for publication 7 June 1974. 

REFERENCES 

1. &TRAND, P.-O., AND L. R~DAHL. Textbook of Work Physiology. 8. 
New York: McGraw, 1970, p. 378-379. 

2. BROWSE, N. L. The Physiology and Pathology of Bed Rest. Springfield, 
Ill. : Thomas, 1965. 9. 

3. INGBAR, S. H. Clinical and physiological observations in a patient 
with an idiopathic decrease in the thyroxine-binding globulin of 
plasma. J. Cl&. 1nuesf. 40: 2053-2063, 1961. 

4. IRVINE, C. H. G. Effect of exercise on thyroxine degradation in 
athletes and nonathletes. J. Clin, Endocrinol. Metab. 38 : 942-948, 10. 
1968. 

5. IRVINE, C. H. G. Thyroxine secretion rate in the horse in various 
physiological states. J, End&ml. 39 : 3 13-320, 1967. 

6. LEACH, C. S., P. C. JOHNSON, AND T. B. DRISCOLL. Effects of bed 
rest and centrifugation of humans on serum thyroid function tests. 

1 l 
’ 

Aerospace Med, 43 : 400-402, 1972. 
7. MILLER, P. B., R. L. JOHNSON, AND L. E. LAMB. Effects of four 

weeks of absolute bed rest on circulatory functions in man. 
Aerospace ltfed. 35 : 1194-l 200, 1964. 12. 

ODDIE, T. H., J+ H. MEADE, JR., AND D. ,A. FISHER. An analysis of 

published data on thyroxine turnover in human subjects. J. Clin. 

Endocrinol. Metab. 26 : 425-436, 1966. 

OPPENHEIMER, J. H., G. BERNSTETN, AND M. I. SURKS. Increased 

thyroxine turnover and thyroidal function after stimulation of 

hepatocellular binding of thyroxine by phenobarbital. J. Clin. 

Invest. 47 : 1399-1406, 1968. 

OPPENHEIMER, J. H., H. L. SCHWARTZ, H. C. SHAPIRO, G. BERN- 

STEIN, AND M, I. SURKS. Differences in primary cellular factors 

influencing the metabolism and distribution of 3,5,3’-L-triiodo- 

thyronine and L-thyroxine. J. Clin. Invest. 49: 1016-1024, 1970. 

OPPENHEIMER, J. H., R. SQUEF, M. I., SURKS, AND H. HAUER. 

Binding of thyroxine by serum proteins evaluated by equilibrium 

dialysis and electrophoretic techniques. Alterations in nonthyroidal 

illness. J. Clin. 1nuest. 42 : 1769-l 782, 1963. 

REICHLIN, S., M. G. KOUSSA, AND F. W. WITT. Effect of prolonged 

Downloaded from www.physiology.org/journal/jappl at American Physiological Society (050.242.230.161) on January 29, 2020.



IODOTHYRONINE TURNOVER AND BED REST 219 

sleep therapy and of chlorpromazine on plasma protein-bound 
iodine concentration and plasma thyroxine turnover. J. Gin. 
Endocrinol. Metab. I9 : 692-699, 1959. 

13. ROBBINS, J., AND J. E. RAL,L. Proteins associated with the thyroid 
hor manes. Physiol. Rev. 40 : 4 15-489, 1960. 

14. SALTIN, B., G. BLOMQVIST, J. H. MITCHELL, R. L. JOHNSON, K. 
WILDENTHAL, AND C. B. CHAPMAN. Response to exercise after bed 
rest and after training. Circulation 37 & 38, Suppl. VII, 1968. 

15. SURKS, M. I., A. R. SCHADLOW, AND J. H. OPPENHEIMER. A new 

radioimmunoassay for plasma L-triiodothyronine : measurements 
in thyroid disease and in patients maintained on hormonal replace- 
ment. J. Clin. k~st. 5 1 : 3 104-3 113, 1972. 

16. TAIT, J. F. The use of isotopic steroids for the measurement of 
production rates in viva. J. Clin. Endocrinol. Aletab. 23 : 1285-1297, 

1963. 
17. VERNIKOS-DANELLIS, J., C. S. LEACH, C. M. WINGET, P. C. 

RAMBAUT, AND P. B. MACH. Thyroid and adrenal cortical rhyth- 

micity during bed rest. J. Appl. Physiol. 33 : 644-648, 1972. 

Downloaded from www.physiology.org/journal/jappl at American Physiological Society (050.242.230.161) on January 29, 2020.


