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Exper imen t s  on pa ra thy ro idec tomized  ca ts  with moto r  d i s o r d e r s  of d i f ferent  deg ree s  of s e v e r -  
i ty  showed d i s tu rbance  of spinal  r e f l ex  act ivi ty ,  in the f o r m  of act ivat ion of motoneurons  and 
the in te rneuron  s y s t e m ,  weakening of post te tanic  potentiation, and faci l i ta t ion of conduction in 
the r e f l ex  a r c .  If s e v e r e  te tany was p r e s e n t  monosynapt ic  r e sponses  w e r e  reduced  or ,  in s o m e  
c a s e s ,  abol ished comple te ly  and polysynapt ic  r e f l ex  d i scharges  w e r e  potentiated.  Af ter  i n t r a -  
venous inject ion of ca l c ium chlor ide  into the exper imenta l  an imals  a tendency was found fo r  
r eco rdab l e  r e f l exes  to re turn .  I t  is concluded that  d i s turbance  of the functional s ta te  of the 
spinal  segmenta l  appara tus  was l a rge l y  due to hypoca lcemia  and it may  be one of the causes  of 
te tany in hypopara thyro id i sm.  
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An impor tan t  approach  to the study of the pathogenesis  of pa ra thyro id  te tany is to inves t iga te  the func-  
t ional  s ta te  of the spinal  segmenta l  s y s t e m  in this condition. Dec ima  [12], who used a model of exper imenta l  
hypoca leemia  obtained in cats  by r emova l  of the en t i re  thy ro id -pa ra thy ro id  complex,  a t tempted  to demons t r a t e  
the clinical, na ture  of the synapse  between the a f fe ren t  endings of group Ia f i be r s  and motoneurons .  However ,  
r e m o v a l  of the whole t hy ro id -pa ra thy ro id  complex  in an imals  did not enable this w o r k e r  to a s c r i b e  the changes 
he found en t i re ly  to the specif ic  ro le  of the pa ra thy ro id  glands,  fo r  we know [3] that  thyroid ho rmones  have an 
impor tan t  influence on spinal  r e f l exes .  With this fac t  in mind, it was decided to study the c h a r a c t e r  of mono-  
and polysynapt ic  r e f l exe s  in an ima l s  a f t e r  se lec t ive  r e m o v a l  of the i r  pa ra thyro id  glands.  

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

Exper imen t s  w e r e  c a r r i e d  out on 24 ki t tens ,  in 14 of which hypopara thyro id i sm (I-I} was produced by 
surg ica l  r e m o v a l  of the pa ra thyro id  glands.  Af ter  the operat ion the an imals  w e r e  fed on meat .  The deg ree  of 
development  of H was a s s e s s e d  f r o m  the s e r u m  Ca ++ level  de te rmined  by De Waa rd ' s  method, the an ima l ' s  
behavior ,  and the s ta te  of n e u r o m u s c u l a r  excitabil i ty.  Usual ly  the an imals  took p a r t  in the expe r imen t s  2-13 
days  a f t e r  the opera t ion ,  when all  had developed motor  d i s o r d e r s  (MD} and a low s e r u m  ca lc ium level .  Mono- 
and polysynapt ic  spinal  r e f l exes  w e r e  studied in an imals  with di f ferent  deg rees  of MD and a f t e r  additional in-  
t ravenous  inject ion of ca l c ium chlor ide .  Under  u re thane -ch lo ra lose  anes thes ia  (500 and 35 mg/kg ,  r e s p e c -  
tively) the lower  l u m b a r  por t ion of the spinal cord  was exposed.  The an t e r io r  roots  L6-$1 w e r e  divided in-  
t r a d u r a l l y  and placed on pla t inum b ipo la r  e lec t rodes  to obtain monophasic  r e c o r d s  of act ion potent ials .  Small  
ne rve  b ranches  leading to both heads  of the gas t rocnemius  musc le ,  the cutaneous nerve ,  and the deep branch  
of the tibial ne rve  were  d i ssec ted  on the ips i l a te ra l  side and divided. Next, the spinal  cord  was t r ansee ted  at  
the level  D9-10. Throughout  the exper iment  the animal  was heated (the t e m p e r a t u r e  of the body and the o p e r -  
ation wound were  mainta ined between 36 and 37~ The invest igat ions began 2-3 h a f t e r  the opera t ion  when 
the re f l exes  to s t imulat ion of the cen t ra l  ends of the divided ne rves  w e r e  s t imulated by pulses  of s u p r a m a x i m a l  
s t rength  and 0.3 msec  in durat ion w e r e  stable.  To study the ef ferent  output (EO) of the spinal  cord  repe t i t ive  

s t i m u l a t i o n  was applied to the ne rve  to the gas t rocnemius  musc le  with a f requency  of between 1 and 100 Hz. 
Pos t te tan ic  potentiat ion of r e f l exes  (PTR) was studied immedia t e ly  a f t e r  tetanic s t imulat ion of the m u s c u l a r  
n e r v e  at a f requency  of 300 Hz f o r 1 5  sec.  The s ingle-channel  ES-103 s t imula to r  (San-El Sokki) and the ESU-2 
i n s t rumen t  w e r e  used fo r  s t imulat ion.  The record ing  e lec t rodes  were  connected to one channel of the UBP2-03 
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Fig. 1. Mono- and polysynapt ic  re f lex  r e sponses  in control  (A) 
an imals  and in an imals  with mild (B) and s e v e r e  (C) deg ree s  
of deve lopment  of tetany and a f t e r  additional intravenous in-  
ject ion of ca lc ium chlor ide  into the an imals  of group C (D) 
and s t imulat ion of ne rve  to ga s t rocnemius  (1), deep branch  of 
t i b i a / n e r v e  (2), and cutaneous ne rve  (3) of l imb. 

biopotent ia l  ampl i f i e r .  The output of the ampl i f i e r  was connected d i rec t ly  to the ve r t i ca l  deflection pla tes  of 
a type S8-11 c a t h o d e - r a y  osc i l loscope .  The s ta t i s t i ca l  ana lys is  of the r e su l t s  was  c a r r i e d  out by Student 's  
method.  

EXPERIMENTAL RESULTS 

Depending on the ca lc ium leve l  the degree  of development  of MD var ied .  In mos t  c a se s ,  when the ca l -  
c ium level  had fal len by 2-4 m g  % r igidi ty  of movement ,  unwill ingness to stand up, walking with the l imbs  ex-  
tended when pushed, and i nc rea sed  n e u r o m u s c u l a r  exci tabi l i ty  were  observed .  When the blood ca lc ium level  
had fallen by 5-6 mg  % or  m o r e ,  the animal  stood up and moved its l imbs  with difficulty, espec ia l ly  the hind 
l imbs ,  developed f i b r i l l a r y  twitching of the musc l e s  of the head and trunk, which in some cases  gave way to 
s p a s m s .  The exper imen t s  showed that on the appea rance  of the f i r s t  signs of hypopara thyro id i sm monosyn-  
aptic re f lex  r e sponses  w e r e  r eco rded  in the an t e r io r  roo ts  to s t imulat ion of the ne rve  to the gas t rocnemius  
muscle ;  the r e sponses  had a low threshold  (74.0 • 11.8 mV compared  with 195.0 • 9.7 mV in the control;  P < 
0.001), a shor t  latent  per iod (3.3 • 0.13 msec  compared  with 4.0 • 0.05 msec  in the control;  P < 0.001), and a 
shor tened durat ion (1.8 • 0.05 msec  compared  with 2.0 • 0.01 msec  in the control;  P < 0.01). The ampli tude 
of the r e s p o n s e s  showed no signif icant  change. Meanwhile polysynapt ic  d i scharges  w e r e  intensif ied and, in 
mos t  expe r imen t s ,  they appeared  even in r e sponse  to s t imulat ion of threshold  (for monosynapt ic  r e sponses )  
s t rength  (Fig. 113). However ,  the c h a r a c t e r  of the change in the polysynapt ic  r e sponses  could be studied m o r e  
accu ra t e ly  by s t imula t ion  of cutaneous and mixed ne rves  containing group II f ibe r s .  These  exper imen t s  showed 
that  polysynapt ic  r e f l exes  evoked by s t imulat ion of the cutaneous and deep branches  of the mixed t ibial  ne rve  
w e r e  s t rengthened (Fig. 1: 2B, 2C, 3B, 3C). It  is in teres t ing  to note that in ce r ta in  an imals  with a c l e a r l y  de -  
fined p ic tu re  of MD e i ther  total  d i s appea rance  (57% of cases)  o r  a substant ia l  d e c r e a s e  in ampli tude of the 
monosynapt ic  spike (43%)was obse rved  with augmentat ion of polysynaptic  d i scharges  (Fig. 1: 1C, 2C). In two 
cats  with s e v e r e  mani fes ta t ions  of  te tany (the r e su l t s  were  not included in the s ta t i s t ica l  analys is) ,  the r e -  
f lexes  studied did not appea r  at  all.  To judge the functional s ta te  of the segmenta l  s y s t e m  the throughput of 
the EO s y s t e m  of the spinal  cord  was invest igated,  as o ther  w o r k e r s  have done [3 ,5] , in  tetanus and thyro tox i -  
cos i s .  In r e sponse  to repe t i t ive  s t imulat ion of the gas t rocnemius  ne rve  of pa ra thyro idec tomized  cats  by 
s t imul i  of s u p r a m a x i m a l  s t rength  an i nc r ea se  in the throughput of EO was found; Rhythm binding of the mono-  
synapt ic  r e s p o n s e s  was cons iderab ly  improved  c o m p a r e d  withthat  in the  control  within the f requency  range f r o m  
10 to 100 Hz (Fig. 2). F u r t h e r m o r e ,  in some  exper imen t s  in r e sponse  to repet i t ive  s t imulat ion of the n e r v e  
with a f requency  of 3-10 Hz s p a s m s  of the musc les  of the trunk and head developed. It should be emphas ized  
that,  i r r e s p e c t i v e  of the deg ree  of development  of H, the  d i rec t ion of the changes found in the EO s y s t e m  of the 
spinal cord  was the s ame ,  the only d i f fe rence  being that  against  the background of marked  manifes ta t ions  of 
tetany,  when mainly  the polysynaptic  component  could be seen, the inc reased  output a ro se  on account of the 
product ion of both mono-  and polysynapt ic  components  of the re f lex  r e sponses .  
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Fig. 2. Throughput  of e f fe ren t  output of spinal cord  in control  (A) and pa ra thy ro idec tomized  (B) 
an imals .  1) Reproducibi l i ty  of r e s p o n s e s  in s e p a r a t e  exper iments .  Number s  indicate f requency 
of s t imula t ion  (in Hz); II) ave raged  g raph  (7 exper iments )  of reproducib i l i ty  of monosynapt ic  r e -  
sponses .  Absc i s sa ,  f r equency  of s t imulat ion of gas t rocnemius  ne rve  (in Hz); ordinate ,  ave raged  
ampli tude of f i r s t  10 r e s p o n s e s  (in % of init ial  value).  

Fig. 3. Pos t te tan ic  potentiat ion of monosynapt ie  r e f l ex  r e sponses  in control  (A) and p a r a t h y -  
ro idec tomized  (B) an imals .  1) Potentiat ion of r e s p o n s e s  in s epa ra t e  exper iments .  Number s  de -  
note t ime  a f t e r  end of te tanic  s t imulat ion (in sec); II) ave raged  graph (7 exper iments )  of cou r se  of 
post te tanic  potentiation. Absc i s sa ,  t ime  a f t e r  tetanie s t imulat ion of ne rve  to gas t roenemius  (in 
sec);  ord ina te ,  ampli tude of monosynapt ic  r e s p o n s e s  (in % of init ial  value).  

It  was na tura l  to a s s u m e  that  the changes in spinal  re f lex  act ivi ty  we re  based on d is turbances  of the 
p r o c e s s e s  r e spons ib le  fo r  p resynap t i e  and pos tsynapt ic  regulat ion of the a f fe ren t  outflow. To study the s ta te  
of the presynapt ic  appara tus  in the control  and exper imenta l  an imals  the PTR phenomenon was investigated; 
according to avai lab le  data [14], this phenomenon is based  on an i n c r e a s e  in the l ibera t ion  of med ia to r  f r o m  
presynap t ie  t e rmina l s .  The r e su l t s  obtained in an imals  with di f ferent  degrees  of development  of I I showed sub-  
s tant ia l  weakening of P T R  as r e g a r d s  both the t ime  of its development  and its intensity (Fig. 3). 

To inves t igate  how the changes in the mono-  and polysynapt ic  r e f l exes  d i scovered  during H depended on 
the fal l  in the blood ca lc ium level  in the cour se  of the exper iments  some  of the pa ra thy ro idec tomized  animals  
w e r e  given in t ravenous  injections of ca lc ium chlor ide .  T h e s e  injections r a i s e d  the ca lc ium leve l  f r o m  5-6 to 
16-18 rag%. Stimulation (at in te rva l s  of 30 min) of the n e r v e  against  this background led to the appearance  of 
a v e r y  sl ight  monosynapt ic  r e s p o n s e  if it was p rev ious ly  absent  o r  to a smal l  i nc rea se  in an exist ing mono-  
synapt ic  and d e c r e a s e  in polysynapt ic  d i scha rges ,  but only 90 min a f t e r  injection of the ca lc ium chlor ide  (Fig. 
1D). These  r e su l t s  a r e  in a g r e e m e n t  with data in the l i t e r a tu r e  [12] and a r e  evidence of the ca lc ium-dependent  

�9 c h a r a c t e r  of the changes obse rved  and, in pa r t i cu la r ,  of the chemica l  na ture  of the synapse  between af fe ren ts  of 
Ia  f i be r s  and motoneurons .  This  conclusion is also conf i rmed  by invest igat ions of o ther  au thors  [2] who showed 
that  some  f i be r s  t e rmina t ing  monosynapt ica l ly  on spinal  motoneurons  in the f rog  have a chemica l  mechan i sm 
of t r an smi s s ion .  

The r e su l t s  point to a d i s tu rbance  of spinal  r e f l ex  act ivi ty  in an imals  with H. The lowering of the t h r e s h -  
old of s t imulat ion,  shor tening of the la ten t  per iod and durat ion of the monosynapt ic  r e sponse ,  potentiat ion of 
polysynapt ic  d i scha rges ,  and i m p r o v e m e n t  in EO all  sugges t  faci l i ta t ion of exci tat ion and conduction in the 
mono-  and polysynapt ie  r e f l ex  a rc .  D e c r e a s e  or  d i sappea rance  of monosynapt ie  and potentiat ion of polysynapt ic  
d i s cha rges  in an imals  with infrequent  mani fes ta t ions  of MD a r e  evidence,  on the one hand, of act ivat ion of the 
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s y s t e m  of in te rneurons  and, on the o ther  hand, of a d e c r e a s e  in the number  o fmotoneurons  involved in the r e -  
f lex r e sponse .  This  d e c r e a s e  may  be due to in t e r fe rence  with the l ibera t ion  of neuromedia to r  in hypoca lcemia  
[15] o r ,  to some  extent,  to damage  to the s t r u c t u r e s  of the spinal  a rc  [6], as is conf i rmed  by the expe r imen t s  
with supp lemen ta ry  injection of ca lc ium chlor ide.  Under these c i r c u m s t a n c e s ,  however ,  the mult ineuronal  
re f l exes  could be unchanged or  even s t rengthened because  of the c h a r a c t e r  of act ivat ion of the m o t o r  units  of 
the an te r io r  horn through co r respond ing  mono-  and polysynapt ic  re f lex  chains. This  explanation is suppor ted  
by the potentiation of polysynapt ic  r e f l ex  d i scha rges  es tabl i shed by some  w o r k e r s  [11] in an imals  a f t e r  ex t i r -  
pation of the spinal  ganglia  and also in ehromato lyzed  motoneurons  during r e t r o g r a d e  degenerat ion.  Simi lar  
effects  have been found in the late  s tages  of development  of expe r imen ta l  tetanus [7] and in pos t i schemic  
f lexor  r igidi ty  [1]. The appearance  of a polysynapt ic  component  in r e sponse  to s t imulat ion of the ne rves  may 
also have been due to a m a rked  i n c r e a s e  in the exci tabi l i ty  of neighboring f ibe r s  as a r e su l t  of hypoca lcemia  
and ephaptic t r a n s m i s s i o n  of excitat ion [10]. At the s a m e  t ime,  potentiat ion of polysynaptic  re f lexes  before  
any apprec iab le  d e c r e a s e  in the magnitude of the monosynapt ic  r e s p o n s e s  may  indicate weakening of inhibition 
in polysynapt ic  chains.  This  is indi rec t ly  conf i rmed  by the significant d e c r e a s e  in the GABA concentra t ion 
found by the w r i t e r  [8] in the spinal cord  of an imals  with H. In view of the impor tan t  role  of ca lc ium ions in 
the function of the s o d i u m - p o t a s s i u m  pump and in ion exchange in the m e m b r a n e s ,  i t  is suggested [4] that  in 
hypoca lcemia  due to pa ra thyro id  def ic iency depolar iza t ion  of the cell m e m b r a n e s  takes  place and, in the 
p r e s e n t  w r i t e r ' s  view, this may  lead to inc reased  exci tabi l i ty  of moto -  and in terneurons  and also to an in-  
c r e a s e d  throughput of the EO sys tem.  That  this may  be so is shown by invest igat ions [9] in which subthreshold 
depolar iza t ion  of the motoneuron sha rp ly  inc reased  the f requency  of d i scharges  genera ted  by the cell .  I t  is 
a lso known [13] that  in hypoca lcemia  te tanic  s t imulat ion leads to an i nc r ea se  in the l ibera t ion of med ia to r  and 
to m o r e  marked  t e m pora l  summat ion .  This  na tu ra l ly  can fac i l i ta te  r e sponse  to repe t i t ive  s t imulat ion.  The 
weakening of PTR which was found may  be based  on two mechan i sms .  F i r s t ,  it may  be the r e su l t  of i n t e r f e r -  
ence with l ibera t ion  of med ia to r  by the p resynapt ic  t e rmina l s  in H and, second, it  may  be the r e su l t  of a de-  
c r e a s e  in the subthreshold fr inge of the motoneuron  pool as a r e su l t  of depolar iza t ion  of the neurons .  This 
would indicate weakening of the functional capaci ty  of the spinal  cord.  
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