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The enhanced oxidative metabolism char- 
acteristic of hyperthyroidism is well doc- 
umented. Furthermore, the literature con- 
tains an abundance of data relating to the 
effect of exogenous thyroid hormone adminis- 
tration both in vivo and in vitro on respira- 
tion and phosphorylation of rat liver mito- 
chondria and submitochondrial particles un- 
der a variety of experimental conditions 
( 1-4). Although a few investigations have 
involved the effect of thyroidectomy and ei- 
ther thyroxine or triodothyronine replace- 
ment in vivo on oxidative phosphorylation 
(5 -8 ) ,  no studies have been conducted which 
relate physiologic variations in mitochondrial 
thyroid hormone content to the P:O ratio. 

With the advent of the isotopic equilibri- 
um technique (9) it became possible to 
quantitatively measure endogenous thyroxine 
and triiodothyronine in mitochondrial prepa- 
rations ( lo ) ,  thus making possible a correla- 
tion between endogenous thyroid hormone 
levels and P:O ratios in mitochondria. The 
experiments reported here were designed to 
study this relationship. 

Materials and Methods. The isotope equili- 
brium method (9) for the determination of 
iodine-containing compounds in tissues was 
used for mitochondria as previously described 

Diets. All rats were initially fed an unla- 
beled iodine deficient ration3 containing 0.06 
pg of iodine4/g for 4 weeks. This was followed 
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by the labeled ration to which sodium iodine 
(12'1) was added to raise the iodine content 
to 0.22 pg /g .  

The 1251 (half-life 60 days) was obtained 
carrier-free from a commercial source5. Its 
purity was confirmed by chromatographic an- 
alysis. Approximately 30 mCi (1 mCiJani- 
mal) of the radioisotope were mixed as previ- 
ously described ( l l ) ,  with the quantity of 
the ration required to feed the rats through- 
out the experiment. On the first day of feed- 
ing the labeled diet, it contained approx- 
imately 1.5 pCi of lzSI/g. The amount of 
iodine added to the diet as 1251 was negligi- 
ble. Weighed aliquots were counted to estab- 
lish the 1251:1271 ratio and to check uniformi- 
ty of mixing. The coefficient of variation of 
radioactivity in samples of labeled diet was 
67%. 

Preparation of animals. Male albino rats 
(Holtzman) with an initial weight of 150 g 
were used in all experiments. On arrival in 
the laboratory all animals were fed the unla- 
beled diet for 4 weeks. At the end of this 
time 22 rats were subjected to surgical thy- 
roidectomy of varying completeness, while 8 
nonoperated animals served as euthyroid con- 
trols. Following thyroidectomy all rats were 
fried the labeled diet for 30-45 days before 
sacrifice, a period sufficient to establish 
equilibrium between the specific activity of 
the diet and that of the iodine pools in the 
body ( 11). All animals received 0.5% calci- 
um gluconate in the drinking water. Rats 
were killed by exsanguination, the livers were 
excised, blotted free of residual blood, rinsed 
with water, and chilled. 

Preparation of mitochondria. Mitochondria 
from a weighed sample were prepared in 

15 Union Carbide Corp., Tuxedo, New York. 
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0.25 M sucrose by the method of Schneider 
(12) with the following modifications: (i) 
the nuclear fraction was rehomogenized once 
instead of twice, and (ii) the final mitochon- 
drial sediment was made up to a volume 
equal to the initial weight of the tissue sam- 
ple. Throughout the fractionation procedure, 
care was taken to obtain a pure preparation 
rather than a quantitative yield, All manipu- 
lations were performed in tubes cooled in ice. 

The mitochondria (0.5 ml in 0.25 M 
sucrose) were added to chilled Warburg ves- 
sels containing 6 @ ATP, 50 ,AM phosphate 
buffer, pH 7.4, 15 p N  MgS04 and 30 pM 
glutamate. The side arm contained 50 pM 
glucose and 0.5 mg of yeast hexokinase 
preparation. A final volume of 3.0 ml was 
made with 0.25 M sucrose. KOH (0.5 N )  
was placed in the center well. Incubation was 
carried out at  30°, with shaking, after an 
equilibration period of 8 min. The hexokinase 
was added to the reaction mixture after 
equilibration and zero-time flasks were re- 
moved for inorganic phosphate analysis ac- 
cording to the method of Lowry and Lopez 
( 13). Oxygen consumption was measured 
during the next 14 min and net phosphate 
was calculated from the difference between 
zero-time flasks and the 14-min incubation 
flasks. From these data P:O ratios (pmoles of 
phosphatelpatoms of oxygen) were calcu- 
lated. 

Determination of mitochondrial thyroid 
hormone content: A duplicate of the original 
mitochondrial suspension was counted in a 
well-type scintillation counter to determine 
total radioactivity. Duplicate 0.1-ml aliquots 
were analyzed for total nitrogen content by 
the micro-Kjeldahl method. The remainder of 
the suspension was extracted for chromato- 
graphy. Extraction and separation of labeled 
compounds was carried out as described pre- 
viously (10). Data are expressed as mpg of 
thyroxine plus triiodothyronine per mg of ni- 
trogen. 

Results. Representative radiochromato- 
grams of mitochondria from normal and com- 
pletely thyroidectomized rats are shown in 
Fig. 1. The radioactivity in the mitochondria 
from the normal rats ?as present as iodide, 
thyroxine, and triiodothyronine whereas mi- 

LIVER MITOCHONDRIA 

FIG. 1. Radiochromatograms of liver mito- 
chondria from normal and completely thyroidecto- 
mized rats. 0, origin; I, iodide; Tq, Qhyroxine; Ts, 
triiodothyronine ; solvent front now shown; solvent 
system: tertiary amyl alcohol saturated with 2 N 
ammonium hydroxide. 

tochondr ia from completely thyroidectomized 
rats showed only iodide. On the chromato- 
grams from the partially thyroidectomized 
rats a substantial amount of the radioactivity 
was present as iodide but the mitochondria 
also contained varying amounts of thyroxine 
and triiodothyronine. In  many of the latter 
samples triiodothyronine was not detectable 
since the total thyronine content was consid- 
erably reduced. 

The relationship between mitochondrial 
thyroxine plus triiodothyronine annd P : 0 ra- 
tio is illustrated in Figs. 2 and 3. In  Fig. 2,  
individual values for each animal are shown. 
As shown, there is a progressive decrease in 
the P:O ratio as the hormone content of 
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FIG. 2. Relationship between P:O ratio and mito- 
chondrial thyroxine + triiodothyronine content. This 
represents a plot of data from individual rats. Each 
point is the mean of four P:O determinations. 
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_1 weeks. In  some of these animals mitochon- 
! o’ dria were prepared as described in this report 
E 5 and P:O ratios were determined; we have 

mone content. The results of this experiment 
are shown in Table 11. The mean P:O ratio 
of the control rats was 2.64 while the ratio 

ly less at  2.24. The change in the ratio was 
brought about by an increase in oxidation 
and a decrease in phosphorylating efficiency. 

Discussion. Reports in the literature up to 
this point have indicated that liver mitochon- FIG. 3. Relationship between P:O ratio and mito- 
dria from thyroidectomized rats have P:O chondrial thyroxine+ triiodothyronine content. This 

represents an interval plot of data from Fig. 2 .  The ratios not significantly different from mito- 
numbers in parentheses shows the number of animals chondria of intact rats* Bronk and Bronk (7) 
within the designated interval. found mitochondria from normal and thy- 

roidectomized rats with succinate as substrate 
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for the hyperthyroid animals was significant- 
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the mitochondria increases. This is described 
by the regression equation y = 2.85 - 2.02 x. 
When the data are grouped according to a 
range of mitochondrial hormone content 
(Fig. 3 )  the decrease in P:O ratio is more 
clearly evident. 

The decrease in the P:O ratio seen in mi- 
tochondria from normal rats as compared to 
mitochondria from completely thyroidectom- 
ized rats was due to an increase in oxidation 
occurring in the normal rats; phosphorylating 
efficiency remained unchanged. This is 
shown in Table I. 

to have P:O ratios of 1.43 and 1.44, respec- 
tively, although oxygen consumption was less 
in the thyroidectomized animals. When thy- 
roidectomized rats were given “physiological” 
doses of thyroxine or when the mitochondria 
were incubated in vitro with thyroxine there 
was an increase seen in both Oxidation and 
phosphorylation with no change in P:O ratio 
(6, 7 ) .  Maley and Lardy (8) also observed 
in four experiments with thyroidectomized 
rats that there was no difference in P:O ra- 
tios from those of the control group. They 
did, however, observe that mitochondria from 

I n  a previous experiment ( 14) a hyperthy- thyroidectomized rats exhibited a greater 
degree of acceleration of respiration when 
dinitrophenol was added than did the con- 

roid condition was induced in rats by subject- 
ing them to a cold environment (0-4’) for 2 

TABLE I. The Influence of the Thyroid 011 the Oxidation of Glutamate and Phosphorylation.“ 

Nontli yroiilectoiiiized Completely thyroidectomized 

0, uptake Phosphates 0, uptake Phosphates 
Ra t  no. (flustonis) fixed (pmoles) P : O  Ra t  no. (patoms) fixed (pmoles) P : O  

N-1  
N-2 
N-3  
N-4 
N-5  
N-6 
N-7 
N-8 

10.46 
10.25 

9.90 
9.87 
9.46 
9.98 
9.00 
9.65 

Mean 9.82 

24.76 
25.92 
26.31 
24.64 
24.91 
2i.13 
24.94 
24.26 

25.35 

2.36 
2.53 
2.69 
2.49 
2.66 
2.72 
2.78 
2.52 

2.59 

T-1 8.92 
T-4 8.82 
T-16 9.35 
T-18 8.52 
T-20 9.91 
T-22 9.06 
T-24 7.70 

8.90 

25.97 
27.32 
27.26 
23.86 
25.44 
27.23 
20.88 

25.42 

2.91 
3.10 
2.92 
2.82 
2.58 
3.01 
2.72 

2.86 

a A 14-niin incubation period. 



113 THYROID H O R M O N E  AND P: 0 RATIOS 

TABLE 11. P : 0 R,atios ill Mitochondria f roiii Normal and Cold-Tiidwed Hyperthyroid Rats.ab 

Normal Hyperthyroid 

0, uptake Phosphates 0, uptake Phosphates 
R a t  no. (&atoms) fixed (pmoles) P : 0 Rat 110. (patonis) fixed (pmoles) P :O 

1 9.65 26.34 2.75 5 9.47 23.06 2.44 
2 9.13 23.85 2.63 6 10.76 24.10 2.24 
3 10.57 27.54 2.61 7 10.78 22.62 2.10 
4 9.52 24.57 2.58 8 10.27 22.50 2.19 

Mean 9.72 25.57 2.64 10.32 23.07 2.24. 

a Each value represents the mean of 4 separate detcrrninations on a single rat. 
A 14-min incubation period. 

trols. I t  was concluded that normally occur- 
ring concentrations of thyroid hormone un- 
couple an oxidative phosphorylation reaction. 

The present data indicate that the P:O 
ratio of thyroidectomized rats is significantly 
higher than that found in normal rats. Fur- 
thermore, there appears to be an inverse 
linear relationship between mi tochondrial 
thyroid hormone content and P:O ratio. This 
would suggest that under a physiologic con- 
dition where the animal secretes less than 
normal amounts of thyroid hormone the 
tightness of the coupling of oxidation to phos- 
phorylation is increased. 

Maley and Lardy (8) also prepared mito- 
chondria from thyrotoxic rats and reported 
P:O ratios 50% lower than controls. Smith 
and Fairhurst (15)  observed that cold- 
adapted rats had an increased oxygen con- 
sumption and a decreased P:O ratio when 
compared with controls. Our data from the 
cold-induced hyperthyroid rats are in general 
agreement with these findings. Although we 
do not have the data on the mitochondrial 
thyroid hormone content in hyperthyroidism 
induced by cold exposure, we have observed 
in other experiments (14) that whole liver 
hormone content is elevated under these con- 
ditions. Thus it is reasonable to assume that 
the decrease in P:O ratio seen under these 
conditions is associated with an increase in 
liver mitochondrial hormone content. 

Summary. An isotope equilibrium tech- 
nique was used to measure mitochondrial 
thyroid hormone concentration in thyroidecto- 
mized, partially thyroidectomized, and intact 
rats in order to correlate this with the P:O 

ratios in the mitochondria from these ani- 
mals. The data suggest that thyroidectomized 
rats have P:O ratios higher than normal 
rats. Furthermore, there appears to be an 
inverse linear relationship between mitochon- 
drial thyroid hormone content and the P:O 
ratio. 
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