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The effect  of prolonged adminis t ra t ion  of thyroid  ho rmones  on the d i scharges  f rom musc le  spin- 
odles of the cat  soleus was invest igated.  In an imals  with thyro tox icos i s  the r e s p o n s e  of the p r i -  
m a r y  spindle endings to a constant ly act ing and to a sudden rapid  s t re tching inc reased  cons ide r -  
ably in both the dynamic and the stat ic phase. The d i scharge  frequency of the secondary  endings 
r ema ined  substant ial ly unchanged. It is postulated that the obse rved  changes in act ivi ty  of the 
p r i m a r y  endings a r e  connected with d is turbances  of me tabo l i sm in the musc le  and also with its 
a trophy.  
KEY WORDS: thyroid  hormones ;  musc le  r e c e p t o r s ;  motor  d is turbances .  

A mong the most  cha rac t e r i s t i c  symptoms  of  thyro toxicos is  a re  motor  d i s turbances ,  e x p r e s s e d  as mus -  
cular  weakness ,  rapid  fatigue, t r e m o r  of the l imbs  and trunk, etc. [6, 7]. 

In the ana lys i s  of these  motor  d i s turbances  the study of the s ta te  of r e cep to r  function of the musc les  is 
pa r t i cu la r ly  important ,  for af ferent  impulses  f rom the musc l e s  and joints play an impor tan t  ro le  in the p ro ce s s  
of movement  control .  

I t  was t he re fo re  decided to study the function of musc le  spindles in exper imenta l  thyro toxicos is .  

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

Discharges  f rom r e c e p t o r s  of the soleus musc le  were  studied in no rma l  cats  and in ca ts  r ece iv ing  thyroid  
ex t rac t  with the diet in accordance  with a specia l  scheme [3]. By the end of the second week of the expe r imen t  
the an imals  showed tachycard ia ,  a loss  of weight of 10-15~, and an inc rease  in the s e r u m  prote in-bound iodine 
concentra t ion f rom 4-5 to 18-20 /~g %. Under u re thane -ch lo ra lose  anes thes ia  (500 and 50 /~g/kg respec t ive ly)  
both l imbs  of the an imals  were  denervated  except the musc le  branch to the soleus musc le  on the t e s t  side.  Af-  
t e r  l aminec tomy the an te r io r  and pos te r io r  roo ts  were  divided f rom L~ to S~ inclusive.  Throughout the exper i -  
ment  the t e m p e r a t u r e  of the body and of the operat ion wound, which was flooded with mine ra l  oil, was  maintained 
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TABLE 1. Changes in Discharge Frequency of P r i m a r y  Ending of Muscle Spindles dur-  
ing Constant Stretching (weight of 100 g) and Sudden Additional Stretching at Different 
Speeds in Control and Hyperthyroid Animals (M �9 m) 

Group of animals 

Control 

Thyrotoxicosis 

Spontaneous ISpeed of 
activity, stretching, 
[spikes/see [ ram/see 

17----- 1,5 20 
40 

28-----0,88 20 
40 

Dynamic 
phase, 
spikes/see 

67 ..+- 1,5 
113+1,7 
104-.+-3,69 
150-+-4,96 

Period of static phase (in sec) 

1st 

26----- 1,3 
38 + 1,3 
44 -+- 1,8 
40~ 1,45 

2nd 

28 ~- 1,8 
36+--- 1.1 
41-+-1,54 
36+--- 1,28 

3rd 

28----- 1,6 
32-----2,1 
40 "r 1,43 
34~ 1,1 

Phase of 
relaxation, 
spikes/see 

9,0+1,9 
8m0,7 
8--- 1,5 
8--- 1,48 

i, i i i  
I 10,5 ~ 

~v 

200 1 

Fig. 1. Discharges  of p r imary  (A) and secondary (B) endings of muscle spindle during 
stretching of soleus muscle.  Top beam records  discharges  of spindles before and af- 
ter  s t retching muscle,  at beginning of static phase and during period of relaxation; bot- 
tom beam records  mechanogram of stretching; t ime marker ,  in sec. Gap in top and 
bottom records  measures  2 sec. Calibration: top beam 50 pV, bottom beam 200 g. 

at 36-38~ Constant stimulation of the muscle r ecep to r s  was produced by stretching the muscle with a weight 
of 100 g. Afferent  f ibers ar is ing f rom the test  spindles were  identified af ter  splitting the poster ior  root  into 
separate  bundles by the discovery of regular  spike activity in them. The muscle r ecep to r s  were identified 
from their response  to muscle contraction.  Cessat ion of afferent activity against the background of muscular  
contract ion showed that the ending belonged to a muscle spindle. Afferent  endings were subdivided into pr i -  
mary  or secondary on the basis of the velocity of conduction of excitation, Fibers  conducting excitation with a 
velocity of 70 m / s e c  or higher were c lassed as p r imary  endings, those conducting more  slowly as secondary 
[1, 2, 13]. In the course  of the experiments the muscle was further s t retched by a special instrument by means 
of whieh it could be s tretched through 3, 6, 9, and 12 mm at speeds of 20 and 40 m m / s e c  and kept in the 
s tretched state for 3 sec [1]. Contraction and stretching of the muscle were recorded  by the UTS-VT-12 strain 
gauge. The action potential of the muscle fiber and the r eco rd  of mechanical  contract ion were photographed 
f rom the screen  of a dual-beam oscil loscope.  

The experimental  data were  obtained f rom 20 p r imary  and 6 secondary endings of muscle spindles f rom 
muscles  of normal  cats and 20 p r imary  and 4 secondary endings from muscles  of animals receiving thyroid 
extract .  

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

The frequency of afferent impulses f rom a muscle spindle is determined by local p rocesses ,  which are  
closely connected with the pa ramete r s  of the mechanical  stimulus. The response  to sudden stretching of the 
muscle consis ts  of two phases: an initial, dynamic phase, corresponding to the moment of stretching, and a 
later ,  static phase, due to the s t re tched phase of the muscle [1, 2, 8, 9, 12]. 

In the present  experiments  a regular  spike discharge,  the frequency of which depended on the degree of 
s t retching of the muscle,  was r ecorded  in the isolated fiber of the pos te r io r - roo t  bundle in response  to con- 
stant s t re tching of the muscle.  For  instance, in the control  animals during stretching of the soleus muscle by 
a weight of 100 g, the activity of the p r imary  endings had a frequency of 17 �9 1.5 sp ikes / sec  and of the second- 
a ry  19 �9 1.5 sp ikes /see .  Typical responses  of the p r imary  and secondary endings of the soleus muscle of the 
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Fig. 2. Changes in d ischarge  f requency of p r i m a r y  endings of 
musc le  spindles in control  (A) and hyper thyro id  (B) ca ts  depend- 
ing on ampli tude and speed of s t re tch ing  of soleus muscle .  Ab-  
sc i s sa ,  ampli tude of s t re tch ing  (mm); ordinate,  d i scharge  f requen-  
cy ( sp ikes / sec) .  Speed of s t retching:  T) 20 m m / s e c ,  II) 40 m m /  
sec.  In all graphs:  Top curve  shows d ischarge  frequency in 
dynamic phase,  middle curve  (thinner) 1st sec of s tat ic  phase; 
bottom broken line f requency of or iginal  spontaneous act ivi ty.  

no rma l  cat  to sudden s t re tch ing  a re  given in Fig. 1. At the moment  of s t re tch ing  the d ischarge  f requency in the 
p r i m a r y  ending ro se  sharply .  After  a shor t  pause,  d i scharges  r e a p p e a r e d  in the s ta t ic  phase .  In some inves-  
t igat ions,  the f a s t e r  the musc le  was s t re tched ,  the longer the per iod of the pause [8, 11]. The r e sponse  of the 
s e c o n d a r y  ending was c h a r a c t e r i z e d  by a weak reac t ion  to s t re tch ing  in the dynamic phase  and absence  of the 
pause in the stat ic  phase.  

In the an imals  with thyro toxicos is  the r e sponse  of the p r i m a r y  endings both to constant  s t re tch ing  and to 
sudden additional s t re tch ing  was cons iderably  inc reased  (Table 1). In the dynamic phase  the d ischarge  f r e -  
quency of the p r i m a r y  endings of the cats  with thyro toxicos is  was on ave rage  1.5 t imes  higher than the control  
for all  values of s t retching.  The d ischarge  frequency of the secondary  endings in both groups of an imals  did 
not d i f fer  significantly whether  during constant  o r  during sudden s t re tching (P > 0.1). Di f fe rences  in the 
r e sponse  of the p r i m a r y  endings of no rma l  and hyper thyroid  an imals  to s t re tch ing  the soleus musc le  a t  
dif ferent  speeds  and by different  amounts  a r e  i l lus t ra ted  by the g raphs  in Fig. 2. C lea r ly  the in ten-  
si ty of the r e sponse  of the p r i m a r y  endings in the cats  r ece iv ing  thyroid ex t rac t  was sharp ly  inc reased .  The 
spontaneous d ischarge  frequency was apprec iably  higher and the dynamic component  was s t rengthened re la t ive  
to the spontaneous act ivi ty.  The excess  of the dynamic component  over  the f requency of the stat ic  component  
was a lmos t  the s ame  in the control  and exper imen ta l  an imals .  The shape of the cu rves  re f lec t ing  changes in 
the r e sponse  to s t re tch ing  also was about the same .  This  indicates that the re la t ionsh ip  between the d i scharge  
f requency of the s t a t i c  component  of the r e s pon se  and the length of the musc le  and a lso  between the dynamic 
component of the r e s pons e  and the speed of s t re tch ing  is stil l  l inear  in an imals  with thyro tox icos i s .  

Since the d i scharges  f rom single functional e lements  we re  invest igated,  the inc rease  in the r e sponse  
could have a r i s en  as  a r e su l t  of  lowering of the threshold  of sensi t iv i ty  to the s t imulus  used. T h e r e  a re  indica-  
t ions of ve ry  s imi l a r  changes in r ecep to r  d i scharges  in a denervated  muscle ,  not only to mechanica l  s t imula- 
tion, but also to admin is t ra t ion  of drugs  [2, 12, 17]. 

Division of the anter ior  roots  in the p resen t  expe r imen t s  ruled out any possible  influence of the y loop, 
and consequently the changes obse rved  could be connected with p r o c e s s e s  taking place in the musc le  t i s sue  i t-  
self.  Invest igat ions have shown that in thyrotoxicos is  the deficiency of h igh-energy  phosphorus  compounds d is -  
tu rbs  the work o f  the ionic pump, which plays an important  ro le  in maintaining the level  of exci tabi l i ty ,  with the 
r e su l t  that depolar izat ion p r o c e s s e s  on the m e m b r a n e s  of exci table  s t ruc tu re s  a r e  intensified [4, 5, 15]. R e -  
ceptor  d i scharges  a re  known to be connected with depolar iza t ion of s enso ry  endings, leading to the development  
of a r e cep to r  or genera tor  potential  [14, 16]. Very probably  an inc rease  in the depolar izat ion of s enso ry  end- 
ings, can lead to s t rengthening of r e cep t o r  d i scha rges .  

However ,  f ea tu res  dist inguished above could also have been a t t r ibutable  to mechanica l  fac tors ,  if the 
a t rophy of musc le  t i s sue  that develops in thyro toxicos i s  is borne in mind. According  to r e cen t  morphologica l  
invest igat ions [10] the e las t ic  s t ruc tu re s  of the musc le  spindle a r e  connected by c r o s s  br idges  with the pe r i -  
mys ium of the ex t ra fusa l  musc le  f ibers .  The number  of br idges  in the cen t ra l  par t  of the spindle, where  the 
p r i m a r y  endings a r e  si tuated,  is s eve r a l  t imes  g rea t e r  than in the polar  par t .  During a t rophy of the ex t ra fusa l  
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f ibers  the p r i m a r y  endings will be deformed  to a g r e a t e r  degree  than the secondary,  with the r e su l t  that  the 
d ischarge  will be intensified. This  explanation may account for the d i f ferences  in the r e sponse  of the p r i m a r y  
and secondary  endings in the an imals  r ece iv ing  thyroid.  

Changes in the sensi t iv i ty  of p r i m a r y  endings of the in t rafusal  f ibe rs  may evidently be one c a u s e  of the 
motor  d is turbances  a r i s ing  in thyro toxicos is .  
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A G E  D I F F E R E N C E S  IN T H E  A C I D - B A S E  B A L A N C E  

A N D  B L O O D  C L O T T I N G  S Y S T E M  D U R I N G  

S T A R V A T I O N  

L .  L .  S i n e o k  a n d  L .  N .  N e n o v a  UDC 612.014.462.6+612.115]: 
612.65-06.615.874.2:615.456 

The s ta te  of the a c i d - b a s e  balance and of the blood clotting sy s t em during s ta rva t ion  was stud- 
ied in young (5-6 months) and old (24-26 months) male  r a t s .  The t imes  of maximal  changes in 
the two s y s t e m s  were  found to coincide, but in the young animals  the acidotic c r i s i s  and hyper -  
coagulation developed e a r l i e r  and were  more  s eve re .  The old an imals  were  more  r e s i s t a n t  to 
s ta rva t ion  and died la te r  than the young r a t s .  
KEY WORDS: s tarvat ion;  age; a c i d - b a s e  balance;  blood clotting. 

Some worke r s  have r e g a r d e d  s ta rva t ion  as a therapeut ic  factor  in ce r ta in  d i seases  and also as a condition 
favor ing the prolongat ion of life [1, 3, 4, 8]. This  la t ter  view is pa r t i cu la r ly  in teres t ing  in the light of data 
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