
P H Y S I O L O G Y  

E L E C T R O P H Y S I O L O G I C A L  A N A L Y S I S  

O F  T H E  E F F E C T  O F  C O R T I S O N E  

ON T H E  N E U R O M U S C U L A R  A P P A R A T U S  I N  R A T S  

N. K.  U n k o v s k a y a ,  V. K.  R a d z y u k e v i c h ,  
a n d  D. P .  M a t y u s h k i n  

UDC 612.816.014.46 : 615.357.453 

The action of cor t i sone  on the neu rom u scu l a r  appara tus  was studied in s i tu in expe r imen t s  
on r a t s .  Combined record ings  were  made of the action potent ia ls  of ne rve  (AP n) and musc le  
(APm) and also of in t raee l lu la r  r e s t i ng  m e m b r a n e  potent ia ls  (MP) and minia ture  end-pla te  
potent ials  (MEPP). Cort isone was hajected in a dose of 1.5 mg/100 g body weight daily for 
10 days. In the an imals  rece iv ing  the ho rmone ,MP of the muscle  f ibers  was reduced  com-  
pa red  with the control ,  the ampli tude of the MEPP was reduced  and their  f requency in- 
c reased ,  the t ime  of neu romuscu la r  t r a n s m i s s i o n  was lengthened, and its re l iab i l i ty  was 
reduced  (the ampli tude of AP m fell f a s t e r  in the course  of tetanus).  
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Morphological ,  h i s tochemica l ,  and pharmaco log ica l  data on the "dystrophic"  and inhibitory effect  of 
l a rge  doses of glucocort icoids  on musc le  t i s sue  and on neu romuscu l a r  synapses  have recen t ly  been pub-  
l ished [10-13]. Elec t rophys io logica l  data on the effect  of glucocort icoid hormones  on the neuromuscu la r  ap-  
p a r a t u s  a re  few in number  and cont rad ic tory  in nature  [5, 6, 8, 10]. 

The object of this invest igat ion was the e lec t rophys io logica l  a s s e s s m e n t  of the action of a l a rge  dose 
(1.5 rag/100 g body weight*)  of the glucocor t icoid  cor t i sone on the neu romuscu la r  appara tus  of a w a r m -  
blooded animal  (rat) in situ. 

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

Male Wis ta r  r a t s  weighing 95-115 g and aged about 2 months were  used. The dose of cor t i sone (Adre- 
son, N. V. Organon Oss ,  Holland) for daily in t r amuscu la r  injection was calculated by the equation X= 
0 .59 .4 /n ,  where  n is the body weight (in kg) [3]. Physiological  sal ine was injected into the control an imals .  
The exper imenta l  and control an imals  were  kept under identical conditions. Before  the exper imen t  the an-  
imals  were  anes thet ized with urethane (0.8 ml  of 15% solut ion/100 g body weight) and fixed to a dissect ing 
table with the spine uppermos t .  The sc ia t i c  and peronea l  ne rves  and the ex tensor  d igi torum longus musc le  
were  d issec ted  as the t es t  object.  The space  fo rmed as a r e su l t  of the operat ion was fil led with phys io log-  
ical sa l ine  (37~ for w a r m - b l o o d e d  an imals ,  with the following composi t ion (in g a i t e r ) :  NaC1 9.00, CaC12 
0.24, KC1 0.42, NaHCO 3 0.20, glucose 1.0. During the exper imen t  fo r  combined record ing  of the act ion po-  
tentials  of the ne rve  (APn) and musc le  (APm) this solution was replaced  by mine ra l  oil,  and in the expe r i -  
ments  with in t raee l lu la r  r ecord ing ,  the physiological  sal ine was left  in the space .  Combined record ing  of 

* This dose of cor t i sone ,  if injected daily for  10 days,  can give r i s e  to some  reduct ion in l ibera t ion  of the 
hormone  f r o m  the adrenal  c o r t e x  of the exper imenta l  animals ;  this p robab ly  reduces  the actual r i s e  in the 
cor t i sone concentrat ion.  
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Fig. 1. Scheme showing methods of combined recording  of action potentials of 
nerve (Ala n) and muscle (AP m) and of intracel lular  record ing  of potentials of mus-  
cle f ibers ,  and example of r e c o r d  of combined AP n and Ala m. A and B) Scheme of 
stimulation and recording,  respect ive ly ,  for combined and intracel lular  methods: 
SE) stimulating electrodes;  RE) recording  e lect rodes .  C) Scheme of measurement  
of pa ramete r s  of Alan and APm  (stimulus ar t i fact  in front of Alan). Lla) Latent per -  
iod of Alan; tn_m) t ime of neuromuscular  t ransmiss ion;  tin) duration of Alam; An) 
amplitude of Alan; Am) amplitude of Ala m. D) Example of r e c o r d  of Ala n and Ala m. 

TABLE 1. Changes in laarameters  of Ala n and 
Ala m during Administrat ion of Cortisone (20 
experiments)  I 

Experi- Control 
Parameters mental  animals e 

animals 

Threshold (in V) of 
AP m 

Latent period of 
APn (in msec) 

Duration of AP m 
(in msec) 

tn. m (in msec) 
Time for ampli- 

tude of APm to 
fall by50~-- 
in tetanus (in sec) 

0,22-- 0,05 

0,42_+0,04 

6,15_+0,38 
0)95+0,13 

0,51+_.0,09 

0,55_+0,05 

6,38_+0,35 
0,63_+0,19 

13 

<0,05 

<0,01 

~0,05 
<0,05 

1Mean values and 957o confidence l imits shown 
in Tables 1 and 2. 
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Fig. 2. Changes in e lect r ical  activity of 
nerve and muscle during tetanus with 
stimulation of sciat ic  nerve at a frequency 
of 100/sec. Changes in mean amplitude of 
Ala n during tetanus:  1) experimental  animal; 
2) control. Abscissa ,  t ime of st imulation (in 
sec);  ordinate,  amplitude of muscular  response  
(in % of its maximal value at beginning of s t im-  
ulation). 

AIO n and Ala m was ca r r i ed  out by Samoilov's  method 
[4, 7]. A scheme of the investigation and an example 
of a r e c o r d  are  shown in Fig. 1. During tetanization 
the nerve was st imulated at a frequency of 100/see by 
stimuli, each 0.02 msec  in duration and wt tha  s trength 
of 1.5-4 thresholds.  With stimuli of this duration the 
st imulation art ifact  was minimal and the pat tern of 
Ala n was not distorted. The res t ing  membrane poten- 
tial of the muscle fibers (MP) and the miniature end- 
plate potentials (MElala) were recorded  intraeel lularly 
by the usual method, using microe lec t rodes  filled 
with 3 M KC1. 

E X l a 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 charac te r  of the e lectr ical  response  of the 
nerve and muscle was s imi lar  in the experimental  and 
control animals.  The resul ts  of the corresponding 
measurements ,  given in Table 1, show that the th resh-  
old of e lec t r ica l  stimulation was reduced by about half 

in the animals receiving the hormone.  The latent per iod of Alan of the experimental  animals was one- th i rd  
shor te r  than that of the controls.  The duration o f  Ala m did not differ significantly in the experimental  and 
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Changes in values of MP and amplitude and intervals of MEPP following ad- 
minis trat ion of cor t i sone:  A) h is tograms of distribution of MP in experimental  (left) 
and control (right) ra ts .  Abscissa ,  amplitude of MP (in mV); ordinate,  number of 
fibers tested (n). B) Distribution of amplitude of MEPP in experimental  (left) and 
eontrol (right) ra ts .  Absc issa ,  amplitude of MEPP (in pV); ordinate,  number of 
MEPP (n). C) Histograms of distribution of MEPP intervals in experimental  (left) 
and control (right) ra ts .  Abscissa ,  interval between MEPP (in see); ordinate,  num- 
ber of MEPP (n). 

TABLE 2. Changes in Pa rame te r s  of MP 
and MEPP during Administrat ion of Cort i -  
sone (5 experiments)  

Experi - Control ~ ' -  
mental E~ 

Parameters animals animals �9 P 
o o 

MP (in mV) 69,9_+4,3 
Amplitude of 

MEPP (in 
V) 161,1+-9,5 

Frequency of 
MEPP (ifl 
spikesTsec) 1,95-+0,13 

79,6- + 4,3 

245,8-- 12,2 

1,63_+ 0,15 

88 

67 

116 

<0,001 

<0,001 

<0,001 

control animals.  The t ime of neuromuscular  t r ansmiss ion  (tn_ m) in the experimental  animals was almost  
half as long again as in the controls.  The amplitude of AP n and AP m in the experimental  animals was about 
two to three t imes grea te r  than in the controls.  During prolonged stimulation of the sciat ic  nerve at a f r e -  
quency of 100/sec, a 50% decrease  in the amplitude of AP m took place fas te r  in the experimental  animals 
than in the controls (Fig. 2), i.e., the rel iabi l i ty  of the neuromuscular  sys t em in animals receiving the ho r -  
mones was reduced.  

The resul ts  of the experiments  with intercel lular  record ing  are  given in Table 2. The decrease  in the 
mean value of MP was connected with the shift of the main peakof  the h i s togram of MP distributions (Fig. 
3A) of the experimental  animals toward lower values, The mean amplitude of lVIEPP in animals receiving 
the hormone was 67% of their  amplitude in the control animals,  and the main peak of distribution of ampli-  
tudes for the experimental  animals (Fig. 3B) was shifted correspondingly into the region of lower values. 
In both groups of animals an additional smal le r  peak was observed in the region of high amplitudes of 
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MEPP, ref lec t ing  the contribution of "giant" minia ture  potent ia ls .  When the mean  amplitude of MEPP was 
calculated,  the ampli tude of these potent ials  was d is regarded .  The middle pa r t  of MEPP in the e x p e r i m e n -  
tal an imals  was 16% g rea t e r  than in the controls .  The peak  corresponding to minimal  intervals  was more  
marked  in the distr ibution of intervals  between MEPP in the exper imenta l  animals  (Fig. 3C}. 

The r e su l t s  of this invest igat ion a re  evidence of the va r i ed  action of cor t i sone on the neu romuscu la r  
appara tus  of the ra t .  

The inc rease  in exci tabi l i ty  of the ne rve  to e lec t r i ca l  s t imul i  in animals  rece iv ing  glucocort icoids 
ag rees  with the observatiot~ [11] that the exci tabi l i ty of ne rve  is reduced  in adrena lec tomized  animals .  In 
the p resen t  case  there  was a t rue  inc rease  in e lec t r i ca l  excitabil i ty,  evidently in connection with depo la r -  
ization of the f ibers ,  as shown by a dec rease  in the latent  pe r iod  of the nerve  r e sponse ,  i .e. ,  an inc rease  in 
the conduction velocity.  However ,  the effect  of an inc rease  in exci tabi l i ty  of the nerve  was evidently pa r t l y  
due also to reduct ion of the connec t ive- t i s sue  m e m b r a n e s .  The reducing  effect  of glucocort icoid hormones  
on connective t i s sue  is well  known [2]. The inc rease  in ampli tude of AP m against  the background of depo- 
la r iza t ion  can evidently be explained only by reduct ion of the connec t ive , t i s sue  m e m b r a n e s ,  i .e. ,  by r educ-  
tion of the connec t ive- t i s sue  shunts,  for  according to exis t ing data [9], la rge  doses of ghcoco r t i co id s  r e -  
duce the ampli tudes of in t racel lu lar  APs of musc le  f ibers  against  the background of a fall  of their  MP. The 
s a m e  explanation most  p robab ly  holds good a lso  for  the inc rease  in ampli tude of AP n. The lowering of MP 
of the musc le  f iber  could be due to a reduct ion in the concentra t ion of K + ions in the cel ls ,  as has b e e n  
shown under the influence of glucocort icoids  [9]. Cort isone evidently has a depolar iz ing action on nerve  
endings a lso ,  and it the reby  inc reases  the f requency of MEPP.  The dec rease  in ampli tude of MEPP through 
the action of cor t i sone is explained by the fall  in IVIP and a lso ,  probably ,  by the dec rease  in sens i t iv i ty  of 
the chol inoceptors .  This l as t  effect  of cor t i sone  is desc r ibed  in [5]. The inc rease  in the t ime  of neu ro -  
muscu la r  t r a n s m i s s i o n  and the dec rea se  in its re l i ab i l i ty  in the an imals  rece iv ing  the hormone may  be due 
to the dec rease  in the r e sponse  of the pos tsynapt ic  m e m b r a n e  to a quantum of media tor  and, co r r e spond-  
ingly, to a reduct ion in the EPP.  Elevat ion of the c r i t i ca l  level  of depolar izat ion of the musc le  f ibers  on 
account of the prolonged fall  of MP may also play a significant  ro le .  
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