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Exper imenta l  thyro toxicos i s  is accompanied  by an inc rease  in the concentra t ions  of pyruvate  and lac -  
tate in the a r t e r i a l  blood and an i nc rea se  in the i r  ut i l izat ion by the hear t .  

If  thyroid ho rmones  a r e  p r e s en t  in the body in excess ,  they cons iderably  r educe  the energy-producing  
eff iciency of t i s sue  r e sp i ra t ion .  One of the m o r e  impor tan t  ways in which these  d is turbances  can be com-  
pensated is by a m o r e  rap id  convert• of the products  of in te rmedia te  me tabo l i sm,  along pathways a s s o c i '  
ated with the l ibera t ion  of biological ly usable  energy  [16]. Th is  na tura l ly  leads to inc reased  uti l izat ion of 
oxygen by the t i s sues  [1]. 

Giving r e g a r d  to d i f fe rences  in the energy-produc ing  eff iciency of oxidation of different  subs t r a t e s ,  
it was decided to inves t igate  the c h a r a c t e r  of the subs t r a t e s  oxidized in thyrotoxicos is .  Resu l t s  of an in- 
ves t iga t ion  of the ca rbohydra te  me tabo l i sm  of the myocard ium in exper imenta l  thyro tox icos i s  a re  descr ibed  
in this paper. 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  we re  c a r r i e d  out on ma le  ca ts  (21 cont ro ls  and 26 exper imen ta l  animals)  weighing 2800- 
4500 g. Thyro tox icos i s  was produced by feeding the an imals  with thyroid ex t rac t  for  25-30 days in doses  
designed to ensure  the rap id  development  of the pathological  s ta te .  When the acute exper iment  began, the 
an ima l s  rece iv ing  thyroid had lost  30-40% of the i r  body weight, the se rum concentra t ion  of protein-bound 
iodine had inc reased  f rom 4.09 • 0.4 to 22.35 • 2.92 pg%, and the mean  hea r t  r a t e  had inc reased  f rom 132.9 
• 3.3 to 200.9 • 10.7 b e a t s / m i r a  Under anes thes ia  (urethane, 0.6 g/kg,  and chlora lose ,  40-60 mg/kg ,  in t r a -  
venously) and ar t i f ic ta l  r e sp i r a t i on  the chest  was opened by Kave r ina ' s  method [4] and a polyethylene ca th-  
e te r  introduced through the r ight  aur ic le  into the co rona ry  sinus. The volume veloci ty  of the co rona ry  blood 
flow was r e c o r d e d  by means  of a combined pump and flow m e t e r  designed by Kisin and Tsa tu rov  [6]. The 
absorp t ion  of oxygen by 100 g myoca rd ium per  minute  (A) was de te rmined  s imul taneously  by means  of the 
0 - 3 6  oxyhemograph modified by Kisin [51. 

After stabilization of the blood pressure, respiration, and velocity of the coronary blood flow, blood 
was taken simultaneously from the sinus venosus and coronary artery into cooled test tubes. The heart was 
then quickly removed from the chest and weighed samples of myocardium taken for determination of glycogen 
[20]. The heart, freed from its vessels, was washed in cold physiological saline, dried, and weighed. The 
glucose concentration in the blood samples was determined by a colorimetric method [19], and pyruvate and 
lactate were determined spectrophotometrically after the addition of NAD and NAD �9 H 2 [15, 17]. The absorp- 
tion of subs t ra te  by 100 g myoca rd ium per  minute  (]3) was de te rmined  f rom the a r t e r iovenous  di f ference 
(AVD) in subs t ra t e  concent ra t ion  and the co rona ry  blood flow. 
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The contribution of subst ra te  to the oxygen consumption of the myocardium (C) was calculated from 
the formula:  

]3 x oxygen equivalent x 100 
C= 

A 

The oxygen equivalent for glucose and lactate  is 0.75, and for pyruvate 0.64 [13~. 

E X P E R I M E N T A L  R E S U L T S  

In agreement  with published data [12] it was found that with an excess of thyroid hormones  in the body 
the oxygen absorption by the myocardium rose  sharply (from 7.1 �9 0.2 to 15 • 1.7 m l / m i n / 1 0 0  g), and this 
was due entirely to an increase  in the coronary  blood flow (from 5.17 =~ 0.06 to 11.85 ~= 0.52 ml/min)  and not 
to increased absorption of oxygen from the a r te r ia l  blood. 

The glucose concentrat ion in the a r te r ia l  blood of the control  cats varied from 144 to 275 rag% (mean 
207.1 �9 9.8 mg~c). In the experimental  animals the mean value was 267.7 �9 10.6 mg% (P< 0.001). Cats a re  
known to have a high basal  blood sugar [3]. Fu r the rmore  the operation, causing excitation of the sympathico-  
adrenal system [14], could also ra i se  the blood sugar,  The hyperglycemic effect of thyroid hormones thus 
demonstrated has frequently been descr ibed in the l i terature.  

The AVD for glucose in the coronary  blood remained pract ical ly  the same in the control  and experi-  
mental  animals.  Glucose ass imila t ion by the myocardium was 3.3 �9 0.7 in the control  and 5.92 =~ 1 rag/100 
g body weight/rain in the experiment  (P < 0.01). In four cases in control  animals and 10 in experimental  
animals ,  the glucose concentrat ion was higher in blood from the sinus venosus than in a r te r ia l  blood. These  
resu l t s  conflict with the view that the myocardium cannot l iberate  glucose into the blood because it does not 
contain g]ucose-6-phosphatase  [9]. Several workers  [7, 11, 18], in experiments  on dogs, have frequently ob- 
served negative extract ion of glucose by the myocardium.  

In the present  experiments  thyrotoxicosis  was accompanied by a marked  increase  in the pyruvate con- 
centrat ion in the a r te r ia l  blood (from 0.76 =~ 0~ to 1.15 �9 0.08 mg%; P< 0.001). As in the case of glucose, 
no difference was found in the AVR for pyruvate (control 0.26 ~= 0.03, experiment 0.27 ~ 0.04 mg~c). However, 
since the coronary  blood flow in thyrotoxicosis  was sharply increased,  the absorption of pyruvate by the 
myocard ium was increased in the experimental  animals to 0.274 ~= 0.05 mg/100 g /min  (control 0.128 �9 0.01 
mg/100 g/min;  P < 0.01). 

The lactate concentrat ion in the a r te r ia l  blood was a lmost  four t imes higher (43.7 �9 3.51 mg%) in the 
animals with thyrotoxicosis  than in the controls  (12.2 �9 1.4 mg~c). In cont ras t  to the f igures given above, 
the AVD of this substrate  also was increased in thyrotoxicosis  (from 2.36 • 0.6 to 6.8 =~ 1.3 mg~c; P < 0.02). 
In four cases  in the experimental  animals, the lactate concentrat ion in blood from the sinus venosus was 
higher than in the a r te r ia l  blood. So far  as the absorption of lactate by the myocardium is concerned,  in the 
control  animals it was 1.13 • 0.3 and in the experimental  animals 5.85 mg/100 g /min  (P < 0.002). 

The glycogen concentrat ion in the myocardium of animals with thyrotoxicosis  was lowered compared  
with the control  (0.044 • 0.08 and 0.294 =~ 0.04 mg%,respectively; P < 0.001), in agreement  with data in the 
l i te ra ture  [2]. 

The contribution of pyruvate to the oxygen consumption of the control  and experimental  animals was 
1.06 and 0.9%, respect ively ,  and that of lactate was 12.7 and 41.5%,respectively. 

The resul ts  descr ibed indicate profound changes in the carbohydrate  metabol ism of the myocard ium 
in animals with experimental  thyrotoxicosis .  Under the influence of an excess  of thyroid hormones ,  marked  
s t ruc tura l  and functional changes a re  known to take place in the mitochondria,  and these may be responsible  
for the increased l iberation of a g lycolysis-mobi l iz ing factor  into the hyaloplasm [8]. It can be assumed 
that in cases  when p rocesses  of glycolysis  a re  activated in thyrotoxicosis  to cor respond to the activity of 
the t r icarboxyl ic  acid cycle,  oxidation of pyruvate takes place intensively and it is not converted into lactate.  
Moreover ,  under those conditions the distinguishing feature of the myocard ium revea ls  i tself  c lear ly:  its 
ability to utilize lactate present  in blood reaching the heart.  When a deficiency of the Krebs cycle exists,  
lactate is c leared from the myocardium into the blood s t ream.  It has been shown in Sever in ' s  labora tory  
[10] that in the presence  of an excess  of thyroid hormones,  hear t  homogenates oxidize lactate intensively. 
This p rocess  takes place on the surface of the mitochondria  and is ~tnconneeted with ATP synthesis .  De-  
spite difficulties in compar ing r e su l t s  obtained in vi tro and in vivo, an at tempt was made to attr ibute par t  

1346 



of the increased heat production observed in thyrotoxicosis to increased oxidation of lactate on the surface 
of the mitochondria, 

Calculation of the contribution of individual intermediate compounds of carbohydrate metabolism to 
the oxygen consumption of the myocardium shows that in thyrotoxicosis the heart  consumes about the same 
amount of oxygen in oxidation of carbohydrates as normally. In the analysis of this problem, the relative 
nature of these calculations must be remembered.  Since the energy-producing efficiency of intermediate 
compounds of carbohydrate metabolism is comparatively low, the possibility is not ruled out that the ob- 
served increase in utilization of these intermediate compounds by the heart  in thyrotoxicosis reflects  in- 
creased consumption not only for oxidation, but also for biosynthesis. 
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