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Pyruvate oxidation in thyroid tissue 

The enzymes and coenzymes which are necessary for the operation of the citric acid 
cycle are present in the thyroid celP, 2. Various data indicate that this metabolic 
pathway is active in thyroid 3-e. However, pyruvate oxidation by this tissue has not 
yet been demonstrated. 

By using metabolic inhibitors and activators, we have shown that, in sheep 
thyroid slices, the oxidation to 14C02 of [6-z4C]ghicose reflects the anaerobic oxidation 
of glucose through the Embden-Meyerhof pathway, and its further aerobic breakdown 
in the citric acid cycleL Thyroid-stimulating hormone increases the oxidation in vitro 
of [6-14C~ghicose in this tissuee, 8. It would therefore seem likely that the hormone 
stimulates the citric acid cycle in thyroid. The purpose of the present investigation 
is to extend these observations in vitro to the metabolism of pyruvate, and to study 
the effects of various agents (including thyroid-stimulating hormone) on this meta- 
bolism. 

Standard experimental procedure, oxygen uptake and radioactivity determi- 
nation, and data processing have been previously describedL Incubations were carried 
out for 2 h under oxygen in a Warburg vessel. Each flask contained 2 half slices of 
sheep thyroid 7,8 in 2.6 ml of Krebs-Ringer-phosphate buffer (pH 7-5) (ref. 9) supple- 
merited with bovine albumin (Armour) (o.12%). Sodium [3-z4C]pyruvate (0.035 C/ 
mole) was obtained from the Radiochemical Centre (Amersham) and its concentration 
was 4.4 mM. Thyroid-stimulating hormone (Armour) was dissolved in 0.3 % bovine 
albumin solution as previously described 8. The concentration of additional substances 
is indicated in the tables. 

As we have confirmed that the {)02 of sheep thyroid slices is not modified by 
the addition to the Krebs-Ringer-phosphate buffer of either pyruvate or glucose 4, 
oxygen uptake data from incubations with glucose and with pyruvate have been 
pooled in this communication. The mean oxygen uptake for 7 ° different sheep thyroids 
collected over a 1-year period was 2.55 :~ o.o8/~10~/h/mg dry weight of tissue. This 
value agrees with figures obtained elsewhere 4, zo. 

Fluoroacetate and malonate depress oxygen uptake and pyruvate oxidation 
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(Table I). These effects are quite similar to the previously reported figures for the 
depression of glucose C-6 oxidationL On the other hand, 2,4-dinitrophenol consider- 
ably enhances pyruvate oxidation, as well as oxygen uptake (Table I) (refs. 4, 7) 
and glucose C-6 oxidationL These findings agree well with the assumption ~ that, 
as in other tissues, the citric acid cycle in thyroid is inhibited by fluoroacetate and 
malonate, and is stimulated by dinitrophenol. As shown further in Table I, Synkavit 
(2-methyl-I,4-naphthohydroquinone dimethylphosphoric acid) and diiodotyrosine, 
at concentrations which were reported to increase markedly the oxidation of glucose 
C-I (refs. 7, Ii), have little effect on the oxygen uptake and the oxidation of pyruvate 
C-3, just as they do not affect significantly the oxidation of glucose C-6 (ref. 7). 

T A B L E  I 

EFFECT OF METABOLIC INHIBITORS AND ACTIVATORS ON OXYGEN UPTAKE 
AND [3-14C]PYRUVATE OXIDATION BY SHEEP THYROID SLICES 

T h e  resu l t s  for each sepa ra t e  t h y r o i d  h a v e  been  expressed  as t he  pe r  c en t  of  t h e  cor respond ing  
resu l t  of t h e  control .  T he  resu l t s  g iven  are  m e a n s  4- s t a n d a r d  error  of  m e a n  ( n u m b e r  of exper i -  
men t s ) .  P va lues  ind ica te  s ignif icance of difference f rom Ioo. T h e y  were ca lcu la ted  b y  pa i red  

t t e s t s  20. 

Suk~nce Oxygen uptake t~C0 t derived from [ 3- t*G Jl~mt~..t 
P P 

S o d i u m  m s l o n a t e  (o.1 M) 62 -4- I I  16) o.o25 61 -4- I i  (7) 0.025 
S o d i u m  m a l o n a t e  (0.2 M) 31 + 5* (2) - -  26 4- IO (5) 0.oo5 
S o d i u m  f luoroaceta te  (O.OI M) 57 4- 8 (IO) o.ooi  2I  4- 4 (8) o.ooI 
2 ,4-Din i t rophenol  (1.2. lO - S M )  173 4- 2o ( i i )  o.oo5 275 4- 36 (6) o.oo 5 
S y n k a v i t  (9" lO-5 M) lO9 4- 7 (15) o.2 i22 4- 13 (6) 0.2 
Diiodotyrosine ( i . i - IO - I  M) I IO 4- 7 (6) 0. 4 lO 7 4- 11 (9) - -  
Methy lene  b lue  (7" 1o--4 M) 31 4- 5 (6) o .ooi  
Glucose  (7.7.IO-8 M) 97 4- I I  (4) - -  59 4- io  (6) o .oi  
Me th imazo l  (lO -3 M) 96.5 4- 4 (16) 0.4 95 4- io  (7) - -  
NaC10, (lO -8 M) zoo 4- 12 (3) - -  91 4- 8 (7) 0.4 
KCNS (lO -3 M)  124 4- 7 (3) o.I 167 4- 18 (7) o .o i  
T h y r o i d - s t i m u l a t i n g  h o r m o n e  

(o.128 I .U. /ml)  
wi th  p y r u v a t e  115 4- 7.5 (7) o.I 128 4- 4 (8) o .ooi  
wi th  glucose 114 4- 2 (I5) o .ool  

* R a n g e  of the  two  resul ts .  

The enhancement of glucose C-I oxidation by these compounds is therefore inde- 
pendent of the activity of the citric acid cycle. The diiodotyrosine effect is partly 
due to the iodide liberated from it n. 

Methylene blue, a non-specific hydrogen acceptor, markedly increased pyruvate 
oxidation and oxygen uptake in the presence of 7.7.Io-3M unlabeled glucose 
(Table II). A similar enhancement of the oxidation of glucose C-6 (ref. 7) by this 
compound can therefore be ascribed to a stimulation of the citric acid cycle. However, 
when no exogenous glucose was supplied, the oxidation of pyruvate C- 3 was decreased, 
and the rate of oxygen uptake steadily declined. With a lower glucose concentration 
(3.9" IO-~ M), the "protective" effect against methylene blue "poisoning", as evidenced 
by a steady rate of oxygen uptake, was transitory (2 h). A similar phenomenon has 
been previously reported for Ehrlich ascites tumor cells 1.. 
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Glucose, in concentration of 7.7.1o -3 M, significantly decreased the specific 
activity of C02 produced by thyroid slices from [3-14C]pyruvate. As the oxygen uptake 
was not modified by the addition of glucose to the medium, and as the glucose uptake 
was of the same order of magnitude as the pyruvate concentration, it can be assumed 
that  this was a dilution effect. 

T A B L E  I I  

EFFECT OF GLUCOSE AND METHYLENE BLUE ON OXYGEN UPTAKE AND 
[3-14C]PYRUVATE OXIDATION BY SHEEP THYROID SLICES 

Control flasks Methylene blue (7 " ro * M) 
Glucose 

concentration t *C O ~ * * .from 1*COt from 
(raM) Q Oz* [ 3-1*C ] #yruvate Q 02 [ 3-1*C ]pymvat, e 

o 4.47 41'6° - - * * *  27-34 
4"43 49"4 ° - - * * *  26'24 

3.9 4.58 34.41 7 .18 40.53 
4.4 ° 17.39 6.56 30.94 

7.7 4 '11 I7"87 6"49 35.99 
4.08 16.39 8.83 29.73 

*/el O2/h/mg dry  weight of tissue. 
** Coun t s /min /mg BaCO3/mg dry weight. 

*** In  glucose-free medium, in the presence of methylene blue, the rate  of oxygen u p t a k e  
decreased steadily. 

NaC104 or methimazol (I-methyl-2-mercapto-imidazol), in a concentration of 
i raM, did not significantly modify the oxygen uptake or pyruvate oxidation. This 
confirms earlier findings that these compounds do not significantly affect tissue 
respiration 4,10 or the enzymic activity of the citric acid cycle 1. On the other hand, 
KCNS (Io-3M), which is known to uncouple oxidative phosphorylation in the 
thyroid 13, increased both parameters, as did dinitrophenol. This fact is consistent 
with the assumption 14,I5, that, under the conditions of our experiment, the citric 
acid cycle is rate limited by the supply of ADP, in thyroid as in other tissues. Although 
thiocyanate and perchlorate seem to act likewise on the thyroidal iodide pump 4,1~, 
their action on the energy supply is quite different. This makes very doubtful the 
hypothesis that the uncoupling effect of thiocyanate is responsible for its action on 
iodide trapping 13. 

As would be expected from previous studies with E6-14Clglucose ~,8, thyroid- 
stimulating hormone stimulates the oxidation of pyruvate C-3. The effect of this 
hormone on oxygen uptake has been confirmed 17-19. As the rate of the citric acid 
cycle in thyroid seems to be dependent on ADP supply, the stimulatory effect of 
thyroid-stimulating hormone on this cycle could be due to the stimulation of any 
ATP-linked reaction. 

In conclusion, it has been shown that pyruvate is oxidized by sheep thyroid 
tissue, and that compounds (including thyroid-stimulating hormone) modifying the 
oxidation of glucose C-6 in the same way affect oxygen uptake and the oxidation of 
pyruvate C-3. The three parameters reflect mainly the activity of the citric acid 
,cycle in this tissue. 
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Intra- and extramitochondrial isocitrate dehydrogenases 

In  the course of invest igat ing the funct ion of the extramitochondr ia l  enzymes of the 
citric acid cycle 1, we observed that  the intra-  and extramitochondr ia l  isocitrate de- 
hydrogenase activities of rat  liver do not  result from identical  enzymes. This report 
presents evidence for the heterogeneity of intra-  and extramitochondr ia l  isocitrate 
dehydrogenases of rat  and  chicken liver. 

Rabbi t s  were injected in t ravenous ly  with 4-6  mg of in t ra-  or extramitochondri~ 1 
rat  enzyme preparat ions  twice a week for a period of 6 months .  Serum was then taken 
from the rabbits ,  was heated at 56 ° for 3 ° min,  and  was stored frozen. Serum from 
a rabbi t  which had  received the mitochondrial  enzyme preparat ion was found to 
inhibi t  in t rami tochondr ia l  isocitrate dehydrogenase ac t iv i ty  bu t  no t  extramito-  
chondrial  isocitrate dehydrogenase activity.  Table I demonstra tes  the immunological  
differences of the two enzymes. Sera from four rabbi t s  injected with the extra-  
mitochondria l  enzyme preparat ion were without  effect on in t ra-  or extrarni tochondrial  
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