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Experimental  thyrotoxicosis  in rabbits is accompanied by increased contract i le  activity of the 
hear t  and a sharp  decrease  in the functional r e s e rve  of the organ. The contracti l i ty of the 
myocard ium r i ses  to begin with and then fails to the control  level. 

The rapid onset  of cardiac  failure in untreated cases  of thyrotoxicosis  demands a s ses smen t  of the con- 
t ract i le  function of the myocard ium at the various stages of this disease.  The existing data [2, 7] are  based, 
as a rule, on indirect  indices of the contract i le  function of the heart.  Only in a few cases [12] has myoca r -  
dial function been assessed  with the aid of indices having the c losest  corre la t ion with the energy expenditure 
of the heart .  Such indices, as recen t  work has shown, include the tension-t ime index [15] and the maximal 
ra te  of development of tension (pressure)  in the ventr ic le  [17]. 

In the present  investigation indices of the contract i le  function of the hear t  were determined during the 
development of experimental  thyrotoxicosis .  

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

Experiments  were car r ied  out on male rabbits weighing 2.5-3.5 kg. Thyroid ext rac t  was given by 
mouth in increas ing doses for 2 and 4 weeks [5]~ Under ch lora lose-ure thane  anesthesia (200 and 50 mg/kg, 
respectively),  and under ar t i f ic ial  respirat ion,  thoracotomy was performed and a catheter  inserted into the 
chamber  of the left ventr icle.  A second catheter  was inserted via the carotid a r t e r y  into the aort ic  orifice. 
The p re s su re  was recorded  by means of "Barovar"  e lec t romanomete rs .  The operational  amplifier  of a type 
NBN-1 analog computer ,  with calibrated output signal, was connected to the output of the e lec t romanometer  
ampfifter .  The signals were recorded  on a San Eisokki loop oscil lograph. By dividing the values of each 
recorded  index by the weight of the left ventricle,  the intensity of function of the myocardia l  s t ruc tures  (IFS) 
[6] was calculated. Indices of contract i le  function were measured  (A) before and (B) after  total occlusion of 
the aort ic  orifice.  The rat io B : A was regarded as an index of the functional r e se rve  of the myocardium [2]. 
The tension-t ime index (Tr[I) was calculated on the basis of the mean in t raventr icular  p ressure ,  not the 
aor t ic  p r e s su re  [17]o Besides the TTI, the maximal  in t raventr icular  p ressure ,  and the maximal  rate of in- 
c rease  of that p r e s su re  (dp/dtmax) , Opte's index [14], the product of maximal in t raventr icular  p ressure  and 
hear t  ra te  ( • 10-3), was determined.  The potential r e s e r v e s  of the hear t  were also charac ter ized  by means 
of "fatigue ladders" [1], allowing for the degree of dec rease  of in t raventr icular  p re s su re  during success ive  
(every 5 rain) and brief  (30 sec) occlusions of the aor ta  and the number of these occlusions before the heart  
stopped or  fibrillation began. The contract i l i ty of the myocardium,  reflecting its state i r respec t ive  of myo-  
cardial  function as a pump, was est imated by means of the formula  

dp/dtma x 
I 

IIT 
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TABLE 1. I nd i ce s  of C o n t r a c t i l e  Func t ion  of the H e a r t  in Rabbi t s  
with E x p e r i m e n t a l  T h y r o t o x i c o s i s  

Index studied 

Maximal pressure in 
left ventricle, Pv 
(m mm Hg) 

IFS based on Pv (in 
mm Hg/g) 

Function reserve of the 
heart based on Pv 

Maximal rate of in- 
crease of pressure ill 
left ventricle, 
dp/dtmax (in mm 
tfg/sec) 

IFS based on dp/dtma x 
(in mm Hg/sec/g) 
Function reserve of 

the heart based on 
dp/dtmax 

Tension-time index 
(TTI) (in mm 
Hg. see/g) 

IFS based on T.TI (in I 
mm Hg/see/g) I 

Functional reserve of 1 
the heart based on TTI I 

Opie's index (in mm Hg'/ 
5eats/rain. i0 -3 i 

Index of contraetitity 
after Veragut (in sec -1) 

Index of contractility 
after Siegel and Son- 
nenbtiek (in sec -z) 

I control 
(n = 77 

M +_rn 

110.4-+-10,4 

23• 

2,4_+0,27 

3 488__+597 

717+__94,3 

2,33_0,24 

12 148-4-318 

551 • 

4,92:-0,5 

2(3,4__.3,7 

60-+ 5,8 

3 354-+398 

II thyrotoxicosis for I 
_ 14 d_____ays (n = ii)I 
�9 M+m PI--lI  - -  _ _ _ _ J  

III thyrotoxicosis for 
28 days (n = 10) 

165,2-+I0,8 <0,05 

33• <0,05 

1,48___0, 1 <0, Ol 

6 504_+724 <0,01 

1 300+--149 <0,01 

1,354-0,13 <0,01 

3 375_+308 <0,05 

665!57 < O, 05 

1,66_+0,26 <0,01 

59,6+-6,3 <O,OOl 

110_+_+15 <0,01 

3234-1 00( <0,05 

M• 

173,3___12 

39,8• 

1 , 2 8 - + 0 ,  08 

6 760-+980 

1 531+_.272 

1,45-+0, 11 

3 404• 

756__+54 

1,81-+0,14 

69,5_+5,2 

734-4,7 

4 210-+500 

PI--III IPII--III 
I 

<0,01 >0,5 

<0,00I <0,05 

<0,01 >0, l 

<0,05 >0,5 

<0,05 >0,4 

<0,00l >0,5 

<0,0l 1 

<0,01 >0,3 

<0,001 >0,6 

<0,o01 >0,2 

0,1 <0,05 

0,2 0,08 

w h e r e  IIT denotes  the i n t e g r a l  i s o m e t r i c  t ens ion  of the v e n t r i c l e ,  ca lcu la ted  p l a n i m e t r i c a l l y  [16], and a lso  

by the f o r m u l a  

dp/dt max , 

PC 

w h e r e  Pc deno tes  the i n t r a v e n t r i e u l a r  p r e s s u r e  a t  the po in t  of i ts  m a x i m a l  r a t e  of i n c r e a s e  [18]o 

EXPERIMENTAL RESULTS AND DISCUSSION 

The experimental results are given in Table i. 

E x p e r i m e n t a l  t hy ro tox i cos i s  in  the r ab b i t s  was a c c ompa n i e d  by an  i n c r e a s e  in  the m a x i m a l  p r e s s u r e  

i n s i d e  the lef t  v e n t r i c l e .  However ,  as the pa tho log ica l  s t a te  be c ome s  m o r e  s e v e r e ,  this  index no longer  
i n c r e a s e d .  The d y n a m i c s  of the o ther  ind ices  of the c o n t r a c t i l e  funct ion  of the h e a r t  was  s i m i l a r :  a l though 

i n c r e a s e d  in  the r e l a t i v e l y  ea r ly ,  " compensa t e d"  s t age  of thy ro tox icos i s  [3], they l a te r  b e c a m e  s t ab i l i zed  

a t  this  level ,  desp i te  the i n c r e a s e d  blood flow r e q u i r e d  by the a n i m a l .  Although the g e n e r a l  t r end  of the 
changes  in  a l l  s tud ied  ind ices  was the s a m e ,  the deg ree  of i n c r e a s e  of c o n t r a c t i l e  funct ion  of the h e a r t  in 

t h y r o t o x i e o s i s  d i f fered  for each  of them:  f r o m  50 to 125%o This  fac t  p robab ly  r e f l e c t s  d i f f e r ences  in the 
deg ree  of c o r r e l a t i o n  be tween  each  index and the e n e r g y  expend i tu re  of  the h e a r t  m u s c l e  in  the p e r f o r m a n c e  
of i t s  phys io log ica l  funct ion.  While  r e c o g n i z i n g  the TTI  as an index of c o n t r a c t i l e  funct ion  of the hear t ,  
M e e r s o n  [6] r i gh t l y  po in ts  out tha t  this index is  i n d i r e c t  in  na tu re ,  because  the equa l  p r e s s u r e  in v e n t r i c l e s  
of d i f f e r e n t  s i z e s  may be the r e s u l t  of d i f f e r ences  in the t ens ion  in  the i r  wa l l s .  This  ob jec t ion  can ev iden t ly  
be ex tended  a lso  to the m a x i m a l  i n t r a v e n t r i e u l a r  p r e s s u r e .  Sonnenb l i ek  and c o - w o r k e r s  [17] showed that  
under  c e r t a i n  condi t ions  the e n e r g y  expend i tu r e s  of the h e a r t  and the TTI  may  change in d i f f e r en t  d i r e c t i o n s .  
Other  i n v e s t i g a t o r s  have obta ined  s i m i l a r  data  [11, 13]. Sonnenb l i ck  concluded that  "with an i n c r e a s e  in the 
c o n t r a c t i l e  func t ion  of the m y o e a r d i u m ,  the TTI  loses  i ts  va lue  as an index of oxygen c onsumpt i on  by the 
hear t ;  the va lue  of d p / d t m a  x c o r r e l a t e s  m o r e  c lose ly  with the e n e r g y  e xpe nd i t u r e  of the m y o c a r d i u m  du r ing  
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Fig~ i. Curves showing fatigue of 
myocardium of left ventricle during 
successive occlusions of aorta; or- 
dinate, deviation of intraventricular 
pressure after each occlusion from 
its value after first occlusion (in %)~ 
C) control; T 2) thyrotoxicosis for 2 
weeks; T 4) thyrotoxicosis for 4 weeks. 

Under these conditions it is evidently unable 

its function. In the modern view, the rate of shortening of the 
fibers of a musc le re f l ec t s  the rate of formation of c ross  linkages 
between filaments of actin and myosin,  i.e., the rate of liberation 
of energy from ATP. For  that reason,  the index dp/dtma x must  
determine the expenditure of energy and, correspondingly,  the 
oxygen consumption of the myocardium in unit time. Feinberg 
and co-workers  [10] showed that the corre la t ion between dp /  
dtma x and the oxygen consumption of the hear t  pers is ts  also 
during isovolumic contract ions.  Consequently, shortening of 
the myocardia l  fibers is not essent ia l  for the maintenance of 
this corre la t ion,  and the index dp/dtma x ref lects  the contract i le  
function of the myocardium, even during complete occlusion of 
the aorta.  

It is an interest ing fact  that the increase  in contract i le  
function of the hear t  in thyrotoxicosis,  judging f rom all indices 
studied, was the resu l t  of an intensification of the function of 
each unit of mass  of the myocardium (IFS). This confirms the 
w r i t e r s '  previous conclusion regarding the insufficiency of 
hypertrophy of the " thyrotexic" heart  [4]~ This insufficiency is 
evidently the reason  for inability of the myocardium to recover  
f rom the emergency  [6] stage of compensatory  hyperfunction. 
Under such conditions it is natural to suggest  that the functional 
r e s e rve  of the hear t  may be exhausted. 

In fact, the functional r e se rve ,  which the wr i te r s  define 
as the rat io between the maximal  possible myocardia l  function 
and its actual function [2], was much smal l e r  in animals with 
thyrotoxicosis  than in controls ,  r egard less  of which index was 
used to determine it~ It  is curious, however, that in severe  
thyrotoxieosis  this pa ramete r  remained at the same level as in 
milder  or  ea r l i e r  ("compensated") stages.  

The possibil i ty is not ruled out that the normal  function of 
the organ is compatible with only a cer tain degree of lowering of 
its functional r e se rve ,  and even at this "cr i t ica l"  level of this 
index, the hear t  can continue to function only for a certain time. 
to increase  its rea l  function further,  despite whatever changes 

took place in the needs of the organism as a whole, as was observed in the present  experiments .  Advanced 
stages of thyrotoxicosis  are  thus evidently a model of cardiac  failure against  the background of sharply in- 
tensified myocard ia l  function. 

Severe exhaustion of the functional r e s e r v e s  of the myocard ium is confirmed by curves showing its 
"fatigue" (Fig. I)o With a progressive increase in the severity and duration of thyrotoxicosis, during suc- 
cessive occlusions of the aorta the left ventricle is able to develop an ever diminishing pressure. The num- 
ber of occlusions tolerated by the myocardium is also reduced. 

In thyrotexicosis the contractility of the myocardium undergoes characteristic changes. In relatively 
early stages of the disease it increases, in agreement with experimental results obtained by other workers 
[8, 9]~ Bearing in mind the decrease in the functional reserve, this evidently means that in the course of its 
actual function the myocardium completely exhausts the facilities which it obtains from mobilization of the 
inotropic mechanism~ In the subsequent stages of experimental thyrotexicosis, myocardial contractility 
begins to diminish, and by the end of the experiment it reaches the control level. Hyperfunction of the heart 
under these circumstances is evidently due to the greater stretching of the ventricle walls. 
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