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The hypothetical role of the sympathetic nervous system in the genesis of the symptoms of thyrotoxi- 
cosis [5, i0] has led to attempts to relieve these symptoms by means of sympatholytic drugs. The results 
of investigations along these lines are highly conflicting and in most cases they are not concerned with 
hemodynamic changes [II, 13, 15]. 

The object of the present investigation was to study the effects of sympatholytin-an analogue of the 
well known sympatholytic dibenamine, possessing" a marked and prolonged peripheral action [61-on the 
hemodynamic changes arising in experimental thyrotoxicosis.* 

EXPERIMENTAL 

Experiments were conducted on male rabbits weighing 2.5-3.5 kg. The animals were subdivided 
into four groups: group 1-20 control rabbits; group 2-9 rabbits receiving sympatholytin subcutaneously 
in a dose of 6 mg/kg every 2 days for 14 days; group 3-20 rabbits receiving thyroid by mouth in doses of 
0.4-1.2 g once daily for 14 days; group 4-21 rabbits receiving sympatholytin by the same program as the 
animals of group 2 and, at the same time, thyroid by the same program as the animals of group 3. The 
first injection of sympatholytin was given one day before the administration of thyroid began. The degree 
of blocking of the adrenergie receptors in the rabbits of group 2 was estimated from the severity of the 
pressor reaction to adrenalin. The animals of the remaining groups were anesthetized with urethane 
(i g/kg intravenously) and the pressure was measured by means of an electromanometer in the common 
carotid artery, the jugular vein, and the left ventricle before and after clamping of the aorta. The heart 
rate was obtained from the ECG, and the circulation time from the left jugular vein to the left femoral 
artery measured. The minute volume of the heart [9] and the arterio-venous oxygen difference [8] were 
determined. Several derivatives were calculated, including the r~intensity of functioning of the structures ~ 
[4] (the IFS index of Meerson) of the myocardiun% determined from the maximal pressure in the left ven- 
tricle before and after clamping of the aorta. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The arterial pressure in the rabbits of groups 1 and 2 was practically identical (95 and 90.8 mm 
respectively). In response to the intravenous injection of adrenalin in a dose of 2.5 #g/kg, the mean pres- 
sure in the control rabbits rose to 136.2 ram, or by 43.3%, while in the animals receiving sympatholytin 
it rose to only 115.4 ram, or by 27%. Both in absolute terms and as a percentage, the difference between 
the increases in pressure in these two groups is significant (P = 0.003 and 0.001 respectively). Besides 
the increase in the mean arterial pressure, adrenalin produced a marked increase in the pulse pressure in 
the rabbits of group 1 (by 14 ram; P < 0.001). In the rabbits of group 2 this index remained unchanged 
(p = 0.27). It thus follows that although in these experimental conditions sympatholytin blocked the speci- 
fic adrenergic receptors incompletely, it considerably weakened the effects of adrenalin. The hemody- 
namic changes arising under the influence of an excess of thyroid hormones in the rabbits of groups i, 3, 
and 4 are compared in the table. 

*The authors are grateful to Active Member of the Academy of Medical Sciences of the USSR, Professor 
S. V. Anichkov for generously providing the necessary quantity of sympatholytin. 
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Some H e m o d y n a m i c  IndiCes in the E x p e r i m e n t a l  A n i m a l s  (M4-m) 

Index 
Group i 

(control) 
Group 3 
(thyroid) 

Group 4 
(thyroid + 
sympatho- 
lytin) 

P 

Groups Groups 

1-3 11-4 

Minute volume of the heart 

(in ml/min/kg) 
Pulse (beats;/rain) 
Stroke volume (in ml) 
Mean pressure (in mm Hg) 

Work of the left ventricle 
(in kg/m/rain-l) 

Peripheral resistance (in dyra 
see .  c m  -5) 

Arteriovenous oxyRen differ- 
ences (inNsatur~'ion Hb) 

IFS of left ventricle before 
clamping of the aorta (s 
Hg, g-b 

IFS of left ventricle after clamp- 
ing of aorta (in mm big. g-~) 
Circulation time (in see) 
Circulating blood volume 
(in ml) 

Venous pressure (in mm big) 

Weight of left ventricte(ing/kg' 
Loss of body weight (in %) ~' 

268,2+_5,6 
283-t-9,2 

2,76~0,12 
95,0___1,4 

1,05• 

9 916• 

18,6_1,08 

18, l+~1,04 

50,1• 

3,83~0, I 1 
166,0+1,9 

3,9-+-0,24 

1,48+0,05 

445,4+_23, 
417,0+-7,8 
2,77~0,12 

118,5-+4,2 

1,91+-0,1 

8714+-453 

22,0-+1,9~ 

22,4~1,26 

39,8+2, I 

3,1-~0,17 
173,6~_+_4,3 

L3,6+-0,26 

1,75+-0,07 
18,7+-1,6 

t30,0• 
403• 

2,53-t-0,13 
130,5• 

1,97~0, 12 

10 2444-463 

27,1~! ,4 

26,1• 

42,5___I ,0 

3,29+--0,24 
151,0_4,1 

3,8+__0,36 

1,74--+0,02 
20,5-+1,1 

<0,001 
<0,001 

0,9 
<0,001 

<0,001 

<0,02 

0 , 4  

<0,01 

<0,001 

<0,007 
0,13 

>0,1 

<0,001 
<0,05 

9,61 
0,61 
0,19 

<0,05 

0,69 

<0,02 

<0,05. 

<0,05 

0,23 

0,55 
0,13 

0,5 

I 
0,3 

The  minute  vo lume of the  h e a r t  in the r a b b i t s  9 f g roup  4 e x c e e d e d  th is  index  in the  c o n t r o l  g roup  by  
an amoun t  only  a l i t t l e  l e s s  than  i t s  va lue  in group 3. Sympa tho ly t in  not only d id  not p r e v e n t  an  i n c r e a s e  
in the  m e a n  a r t e r i a l  p r e s s u r e  in  the a n i m a l s  r e c e i v i n g  e x c e s s  thyro id ,  but  i t  a c t u a l l y  m a d e  the i n c r e a s e  
g r e a t e r  s t i l l .  Because  of th i s ,  the  e x t e r n a l  w o r k  of the  h e a r t  was  i den t i ca l  in the r a b b i t s  of  g roups  3 and 4. 
In the a n i m a l s  of both  e x p e r i m e n t a l  g roups  the i n c r e a s e  in the minute  vo lume of the h e a r t  was  due to the 
t a e h y c a r d i a ;  the s t r o k e  v o l u m e  in the  r a b b i t s  r e c e i v i n g  t h y r o i d  t o g e t h e r  wi th  s y m p a t h o l y t i n  a c t u a l l y  
showed a t endency  to fa l l .  The  p e r i p h e r a l  r e s i s t a n c e  in the  s y s t e m a t i c  c i r c u l a t i o n  of t h e s e  a n i m a l s  i n -  
c r e a s e d  by a g r e a t e r  d e g r e e  than in the r a b b i t s  r e c e i v i n g  t h y r o i d  a lone .  In  c o n t r a s t  to th i s  l a s t  group,  the  
a r t e r i o - v e n o u s  oxygen d i f f e r e n c e  w a s  much  h i g h e r  in tile r a b b i t s  of group 4 than  in the c o n t r o l s .  The  
v a l u e s  of the IFS  showed that  s y m p a t h o l y t i n  d id  not p r e v e n t  the 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  
h e a r t  and the d e c r e a s e  in i t s  func t iona l  r e s e r v e  a r i s i n g  u n d e r  the inf luence  of an  e x c e s s  of  t h y r o i d  h o r -  
m o n e s .  The  o t h e r  h e m o d y n a m i c  p a r a m e t e r s  showed c o m m e n s u r a t e  changes  in the  r a b b i t s  of g roup  4 wi th  
t h o s e  in the  a n i m a l s  r e c e i v i n g  t h y r o i d  a lone .  Sympa tho ly t i n  p r e v e n t e d  n e i t h e r  the l o s s  of we igh t  of the 
a n i m a l s  under  the inf luence  of e x c e s s  of thyro id ,  nor  the  i n c r e a s e  in the we igh t  of  the h e a r t .  

The  weaken ing  of the s y m p a t h e t i c  i n f luences  thus  p r e v e n t e d  n e i t h e r  the onse t ,  no r  the  d e v e l o p m e n t  
of the h e m o d y n a m i c  changes  c h a r a c t e r i s t i c  of 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  in r a b b i t s .  

A fundamen ta l  ques t ion  wh ich  a r i s e s  in  the c o u r s e  of  the a n a l y s i s  of the h e m o d y n a m i c  c ha nge s  in  
a n i m a l s  r e c e i v i n g  an e x c e s s  of  t h y r o i d  h o r m o n e s ,  a g a i n s t  the  background  of w e a k e n i n g  of the  s y m p a t h e t i c  
i n f luences  i s  as  fo l lows:  does  th i s  w e a k e n i n g  r e d u c e  the load  fa l l ing  on the c i r c u l a t o r y  a p p a r a t u s  in 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 ,  and does  i t  t h e r e b y  i m p r o v e  the func t iona l  s t a t e  of the  h e a r t  m u s c l e  ? 

Sympa tho ly t in  v e r y  s l i g h t l y  m o d e r a t e d  the i n c r e a s e  in the  minute  v o l u m e .  Howeve r ,  the  m e a n  p r e s -  
s u r e  i n c r e a s e d  by a g r e a t e r  amount ,  so  tha t  the  w o r k  of  the  l e f t  v e n t r i c l e  i n c r e a s e d  e q u a l l y  in  the  r a b b i t s  
of both  e x p e r i m e n t a l  g roups .  In the a n i m a l s  of both g roups  the funct ional  r e s e r v e s  of the h e a r t  e v i d e n t l y  
fe l l  by  the  s a m e  d e g r e e .  T h e s e  f ind ings  thus  d e m o n s t r a t e  that  in the p r e s e n t  e x p e r i m e n t s  s y m p a t h o l y t i n  
d id  not  r e d u c e  the load  on the  h e a r t  and d id  not f a c i l i t a t e  i t s  work .  The a r t e r i o - v e n o u s  oxygen  d i f f e r e n c e  
i n c r e a s e d  in the a n i m a l s  of g roup  4, w h e r e a s  in the a n i m a l s  r e c e i v i n g  t h y r o i d  a lone  th i s  i n c r e a s e  was  o b -  
s e r v e d  on ly  in the la te  and s e v e r e  s t a g e s  of t h y r o t o x i c o s i s ,  when the h e a r t  was  e v i d e n t l y  no l o n g e r  ab le  to 
s a t i s f y  the i n c r e a s i n g  d e m a n d s  of the t i s s u e s  by  an i n c r e a s e  in the minute  vo lume  [2]. The  p o s s i b i l i t y  i s  
not  r u l e d  out h e r e  that  the s o m e w h a t  s m a l l e r  i n c r e a s e  in the minute  vo lume in the  a n i m a l s  of g roup  4 m a y  
r e f l e c t  the  g r e a t e r  e x h a u s t i o n  of the h e a r t  m u s c l e ,  wh i l e  the l a r g e r  i n c r e a s e  in the s y s t e m i c  p r e s s u r e  is  
a m e a s u r e  of the c o m p e n s a t i o n  fo r  the d e c r e a s e  in the c o r o n a r y  b lood flow in the  cond i t ions  when,  a s  a 
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r e su l t  of the reduction in the minute volume,  the myoca rd ium is not adequately supplied with oxygen, for 
the co rona ry  a r t e r i o -venous  oxygen di f ference  is v e r y  smal l  even in normal  condit ions.  

In the p resen t  expe r imen t s  sympatholyt in  only par t ly  blocked the adrenerg ic  r e c e p t o r s .  I ts  influ- 
ence could, therefore,  be masked  by an excess ive  sec re t ion  of endogenous ca techolamines  or  by an i nc r ea se  
in the sens i t iv i ty  or  the r e c e p t o r s  to these  subs tances  in exper imenta l  thyrotoxicos is .  However,  the 
authors  T e a r l i e r  r e su l t s  [7] do not pe rmi t  these explanat ions.  

Although some authors  [15, 17, 18, 20] have repor ted  al leviat ion of the manifes ta t ions  of hyper thy-  
ro id i sm under the influence of p rocedures  and drugs  lowering sympathet ic  tone, others  [3, 12, 13, 19, 21, 
22] did not obse rve  this effect .  The findings descr ibed  by Yater  [16, 23] have apparent ly  provided the so -  
lution to the p rob lem of the d i rec t  effect  of thyroid ho rmones  on the c i r cu la to ry  sys tem.  According to 
B r e w s t e r  and c o - w o r k e r s  [11], for  example ,  many of the ca rd iovascu l a r  manifes ta t ions  of expe r imen ta l  
thyrotoxicos is  in dogs could be r e v e r s e d  by epidural  procaine  block. Yet even in these exper imenta l  con-  
ditions, it was imposs ib le  to r e s t o r e  the no rma l  a r t e r i a l  p r e s s u r e  and oxygen consumption.  F u r t h e r m o r e ,  
in these conditions the regu la to ry  and metabol ic  p r o c e s s e s  were  so dis turbed that the body t e m p e r a t u r e  
and r e sp i r a t ion  of the expe r imen ta l  an imals  had to be maintained ar t i f ic ia l ly .  It is obviously difficult he re  
to speak of a specif ic  blocking of the flow of sympathet ic  impulses  [20, 21]. According to de Groot  and 
c o - w o r k e r s  [13], ne i ther  guanethidine nor  r e s e r p i n e  a l t e r s  the minute volume of the hear t  when ra i sed  in 
thyro toxicos is .  In re la t ion  to the clinical observa t ions  that r e se rp ine  and o ther  sympath ieoly t ies  a l l e -  
viated the symp tom s  of thyro toxicos is  to some extent, as V. G. Baranov and c o - w o r k e r s  have r ight ly  
pointed out [1], the poss ib i l i ty  that these agents  may  p o s s e s s  a thyros ta t ic  act ion has not been ruled out. 

The hypothesis  of B r e w s t e r  and c o - w o r k e r s ,  accord ing  to which the manifes ta t ions  of thyro toxicos i s  
"are  the resu l t  of the physiological  effects  of adrenal in  and noradrena l in , "  is in conflict with many obse rved  
facts  including those desc r ibed  in the p re sen t  paper ,  and it explains nei ther  the c l ea r ly  defined effect  of 
the thyroid hormones  in vitro, nor  the fa i lure  of the a t tempts  to use the ca techolamines  therapeut ica l ly  in 
myxedema.  
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