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The latent period and duration of the monosynaptic response  are  reduced in cats with ex-  
per imental  thyrotoxicosis  and its thresholds  a re  lowered. The cycle of excitability of the 
motoneuron pool is shortened. The ca r ry ing  capacity of the spinal reflex apparatus is in- 
c reased  at high (from 10 to 50/sec) frequencies of stimulation. Posttetanic potentiation 
of monosynaptic  responses  is weakened considerably as regards  both the intensity and 
duration of the effect. 

Disturbances of motor  activity in thyrotoxicosis  are  usually attributed to the direct  action of an ex- 
cess  of thyroid hormones  on the muscle  t issue [10-12] or are  regarded  as the resul t  of morphological  
changes in the centra l  nervous system [1, 6, 13, 14]. However, a fac tor  of no less importance in thyro-  
toxicosis  could be functional changes in the segmental  apparatus of the spinal cord. Previous invest iga-  
tions revealed differences in the conduction of excitation along the spinal reflex a rc  in animals with ex- 
per imental  thyrotoxicosis  [2]. The object of the present  investigation was to continue the analysis of the 
effect of thyroid hormones  on the spinal reflex apparatus.  

EXPERIMENTAL METHOD 

Experiments were carried out on 56 adult cats anesthetized with urethane and chloralose (400 and 35 

mg/kg respectively). Nerve branches running to both heads of the gastrocnemius muscle were dissected 

in one limb. After laminectomy,  the ventra l  roots f rom L6 to $1 were divided intradural ly  and placed on 
platinum elect rodes  for  monophasic recording of their  action potentials. The per ipheral  nerves  were s t imu-  
lated with square pulses 0.3 msec  in duration. Frequencies  f rom 1 to 100/sec were used for repetit ive 
stimulation. Tetanic stimulation was applied at a frequency of 300/sec  for  20 sec. The duration of the r e -  
covery  cycle of the motoneuron pool was est imated f rom the decrease  in amplitude of the testing monosyn-  
aptic response  when investigated at var ious t ime intervals  (from 1 to 1000 msec) after  application of the 
conditioning stimulus (the method of paired stimuli). 

All indices were studied in animals of the control  and experimental  groups, the lat ter  receiving thy-  
roid. Thyrotoxicosis  was induced by feeding the animals with dry thyroid extract ,  mixed with the food, in 
doses increas ing f rom 0.4 to 8 g daily for  20-22 days. The animals developed taehycardia ,  they lost 10- 
20% of their  body weight, and their  concentrat ion of protein-bound iodine in the plasma rose  f rom 4-5 to 
18-22 pg%. 

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

In the animals of the control  group, the monosynaptic  reflexes evoked by stimulation of supramaximal  
s trength for  f ibers of the f i rs t  group developed after  a latent period of 3 .7 i0 .07  msec  (Mim)  and the dura -  
tion of the spike potential was 3 .2"  0.02 msec .  In the animals receiving thyroid, the latent period and the 
duration of the monosynaptic spike were both shortened (to 2.9~:0.01 msec,  P<0.01  and 2.8 "0.1 msec ,  
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Fig.  1. Cumula t ive  curve  of course  of r e c o v e r y  cycle  of motoneuron 
pool in control  an imals  (1) and an imals  with expe r imen ta l  thyro toxicos i s  
(2). Changes  in ampli tude of monosynapt ic  r e f l exes  evoked by s t imu la -  
t ion of n e r v e  to ga s t rocnemius  m u s c l e  under  the influence of condition- 
ing vol leys  in the s ame  f ibe r s  during s u p e r m a x i m a l  s t imulat ion.  Ab-  
s c i s s a ,  t i m e  between conditioning and tes t ing  s t imul i  (in msec ;  loga-  
r i thmic  scale) ;  ordinate ,  ampli tude of monosynapt ic  r e sponses  to t e s t -  
ing s t imula t ion  of ne rve  to ga s t rocnemius  musc l e  (in % of cont ro lva lue) .  

Fig.  2. Reproducibi l i ty  of monosynapt ic  r e s p o n s e s  during repe t i t ive  
s t imulat ion in control  an imals  (1) and animals  with thyro toxicos i s  (2). 
Absc i s sa ,  f requency  of s t imulat ion of ne rve  to ga s t rocnemius  musc l e  
(pu lses / sec) ;  ordinate ,  ave raged  ampli tude of f i r s t  10 d i scharges  (in % 
of control  value of monosynapt ic  response) .  

P < 0.01; r e spec t ive ly ) .  The d i f ference  between the va lues  in the control  and expe r imen ta l  groups was s ign i -  
ficant~ The only exceptions were  th ree  eats  which rece ived  thyroid  for  m o r e  than four  weeks and in which 
locomotor  act ivi ty  was s e v e r e l y  d is turbed (ataxia and discoordinat ion of movement)  and wasting was s ev e re  
(weight loss  m o r e  than 50%). The latent  per iod  in these  an imals  was longer  (3.5-4 msec)  than in the other  
expe r imen ta l  an imals .  It can be postula ted that this was due to growth s t ruc tu ra l  changes in the g ray  m a t -  
t e r  of the spinal  cord  (deformation of r emain ing  synapses ,  death of motoneurons) ,  as descr ibed  by s ev -  
e r a l  w o r k e r s  in the s e v e r e  fo rm of thyro tox icos i s  in an imals ,  and also at p o s t m o r t e m  in pat ients  with 
hype r thy ro id i sm [1, 13, 17]. All the expe r imen ta l  cats  showed a lowering of the threshold  s t rength of s t imu-  
lation (from 134~-4.5 to 104~1.8 mV; P<0.001) .  

The changes in latency,  durat ion,  and th resho ld  s t rength  of s t imulat ion of the monosynapt ic  re f lex  in 
an ima l s  with thyro tox icos i s  thus indicated fac i l i ta t ionof  conduction in the monosynapt ic  re f lex  a r e .  

Funct ional  abi l i ty to genera te  each succes s ive  r e sponse  of the motoneuron pool is de te rmined  by the 
durat ion of the r e c o v e r y  cycle .  Using the las t  method of pa i red  s t imul i  for  test ing,  it was shown that  a f te r  
admin is t ra t ion  of thyroid  the per iod of prolonged functional  depress ion  of the second tes t  r e sponse  is sh o r t -  
ened if the in te rva l  between s t imul i  is 20 m s e c  or  m o r e  (Fig. 1). 

Depres s ion  in this method of tes t ing  ~s known to be the r e su l t  of prolonged a f t e r -hype rpo la r i za t i on  of 
the pos tsynapt ic  m e m b r a n e ,  a s soc ia t ed  with pos tsp ike  changes on the soma  of the motoneuron  and with Ren-  
shaw r e c i p r o c a l  inhibition [8, 9]. On the other  hand, during s u p r a m a x i m a l  s t imulat ion other  m e c h a n i s m s  
of pos t -  and p resynap t i c  inhibition m a y  also  be impl ica ted .  In hyper thyro id i sm,  the re  is evidently a weak-  
ening of one or  m o r e  of these  p r o c e s s e s ,  thus faci l i ta t ing the depolar iz ing effect  of the EPSP in this t ime  
interval. 

When the i n t e rva l  be tween s t imul i  was between 5 and 20 m s e c  the ampli tude of the tes t ing  r e s p o n s e  
in the expe r imen ta l  an imals  was lower  than in the cont ro ls .  Evidently under  these  conditions the deepen-  
ing of pos tsp ike  hyperpo la r i za t ion  was the main r eason  for  the d e c r e a s e  in exci tabi l i ty  of the motoneuron,  
fo r  spec ia l  expe r imen t s  showed that under  these  conditions the re  a r e  no grounds fo r  suggest ing s t reng then-  
ing of r e c i p r o c a l  inhibition [3]. At the s a m e  t ime ,  in these  t ime  in te rva ls  it is difficult to expect  any defin-  
ite mani fes ta t ion  of o ther  inhibi tory influences.  
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Fig.  3. Development  of pos t te tan ic  
potentiat ion over  a per iod of t ime  in 
contro l  an imals  (1) and in an imals  
with thyro tox icos i s  (2}. Absc i s sa ,  
t ime  a f t e r  discontinuing te tanic  
s t imulat ion (in sec); ordinate ,  a m -  
plitude of monosynapt ic  r e s pons e  
(in pe rcen t  of control  value).  

According to Ecc les  [8], deepening of a f t e r - h y p e r p o l a r i z a -  
t ion develops as the m e m b r a n e  potent ial  d e c r e a s e s .  The r e su l t s  
of the p resen t  expe r imen t s  can evidently provide  indirect  ev i -  
dence of a d e c r e a s e  in the m e m b r a n e  potent ial  of the motoneuron  
during hyper thyro id i sm,  m o r e  espec ia l ly  as this has  been demon-  
s t r a t ed  exper imenta l ly ,  including in work  under taken in the au-  
t h o r ' s  l abo ra to ry  [4], in re la t ion  to other  exci table s t r uc tu r e s .  

To de t e rmine  the c h a r a c t e r i s t i c s  of the functional s ta te  of 
the spinal  re f lex  appara tus ,  it was impor tant  to invest igate  the 
ca r ry ing  capaci ty  of the effect ive output s y s t e m  in the s ame  way 
as that  used by Kryzhanovski i  and D'yakonova [5] to study this 
p a r a m e t e r  in r a t s  with an exper imen ta l  te tanus .  

Repet i t ive  s t imulat ion of the ne rve  to the gas t rocnemius  
m u sc l e  by s t imul i  of s u p r a m a x i m a l  s t rength  evoked a s e r i e s  of 
r e s p o n s e s  in the control  an imals ,  which diminished in ampli tude 
at a compara t ive ly  low frequency,  s ta r t ing  f r o m  5 -10 / sec .  In 
an imals  rece iv ing  thyroid,  the reproducibi l i ty  of the monosynapt ic  
r e s p o n s e s  was i nc rea sed  within the range of f requenc ies  f rom 10 
to 50 / sec  (Fig. 2). 

Subthreshold depolar iza t ion  of the motoneuron i s  known to i nc rea se  the f requency  of d i scha rges  r e -  
producible  by the cel l  v e r y  sharp ly  [7]. In exper imen ta l  te tanus the re  is an i nc r ea se  in the ca r ry ing  ca -  
paci ty  of the ef ferent  channel in the p r e s e n c e  of additional pes t synapt ic  act ivat ion of the motoneuron  [5]. 
In the p r e sen t  expe r imen t s  a m a r k e d  i n c r e a s e  in the polysynapt ic  components  of the re f lex  r e sponses  in 
the an imals  with thyro tox icos i s  was obse rved  even when single vol leys  we re  used.  It can accordingly  be  
postulated that act ivat ion of the s y s t e m  of in te rneurons  during thyro toxicos i s  fac i l i ta tes  the genes is  of ac -  
tion potent ia ls  during repe t i t ive  s t imulat ion.  

In thyro tox icos i s  conduction of both single and repe t i t ive  volleys in the spinal  re f lex  appara tus  is 
thus fac i l i ta ted .  The r e a s o n  fo r  t hese  changes mus t  be sought in a d is turbance  of the p r o c e s s e s  r e s p o n s i -  
ble not only for  pos tsynapt ic ,  but also fo r  p resynap t i c  regulat ion of the ef ferent  channel.  

To de t e rmine  the s ta te  of the p resynap t ic  appara tus  in the control  and exper imen ta l  an imals ,  the 
cou r se  of pos t te tanic  potentiat ion was studied; an impor tant  f ac to r  in the development  of post te tanic  po-  
tentiat ion is an i n c r e a s e  in the output of m ed i a to r  in the pos tac t iva t ion  per iod  [9, 11]. Compar i son  of r e -  
sul ts  obtained in the control  and expe r imen ta l  an imals  showed that  in thyro toxicos is  the re  is m a r k e d  weak-  
ening of this  phenomenon as r e g a r d s  both intensi ty  and durat ion (Fig. 3). These  r e su l t s  a r e  evidence of 
difficulty in the mobi l iza t ion  of med ia to r  in the pos tac t iva t ion  per iod,  p robably  in connection with a de-  
c r e a s e  in the contro l  of med ia to r  in the p resynap t i c  endings. 

Analys is  of the functional s ta te  of the var ious  components  of  the monosynapt ic  re f lex  a r c  during ex-  
p e r i m e n t a l  thyro tox icos i s  sugges ts  that changes taking place  in the spinal  cord re f lex  appara tus  a r e  due 
in all  p robabi l i ty  to changes in the s ta te  of the postynapt ic  m e m b r a n e  and to a d is turbance  of p r o c e s s e s  in 
the p resynap t i c  endings of a f ferent  f ibe r s .  
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