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The reac t ing  injection of an antigen or  its local  application to smooth  muscle  is accompanied by p r o -  
longed contract ion of the smooth musc l e - anaphy lac t i c  con t rac tu re  (the Schu l t z -Da le  phenomenon) [13,14]. 
Many investigations have been made of al lergic react ions  of smooth-musc le  s t ruc tu res ,  and some aspects  
of the mechanism of development of anaphylactic cont rac ture  of smooth muscles  a re  now understood. 

Only isolated accounts have been given of al lergic react ions  of skeletal  muscles  [1, 3, 8, 9, 11]. In 
sensi t ized animals these workers  did not observe  a cont rac t i le  react ion of skeletal  muscle  af ter  contact  
with specific antigen. A react ion of anaphylactic eont rac ture  type developed only af ter  pre l iminary  de-  
nervat ion of the muscle ,  which in these conditions rever ted ,as  it were , to  a lower level of evolutionary 
development and acquired tonic proper t ies  s imi la r  to those of smooth muscle  [1, 9, 11]. 

According to the au thors '  observat ions [5], in t ramuscula r  injection of s e r u m  protein into a sensi t ized 
animal  in severa l  experiments  facil i tated the development of f ibr i l la ry  contract ions of skeletal  muscle ,  
which had the cha rac t e r  nei ther  of con t rac tu re  nor  of tetany. 

Because of these resul ts  it was decided to make a special  investigation to determine the cause of 
appearance of spontaneous contract ions in skeletal  muscles  in response  to a react ing injection of antigen. 
To detect f iner deviations of the functional s ta te  of a muscle ,  e lectrophysiological  record ing  of the muscle  
contract ion was used* .  

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

Experiments  were  ca r r i ed  out on control  and sensi t ized guinea pigs. Sensitization was ca r r i ed  out 
by subcutaneous injection of normal  horse  s e rum in two doses,  each of 0.5 ml, at an interval  of 48 h. The 
animals were  used in the experiment  on the 15th-20th day after  the final injection of se rum.  Under urethane 
anesthesia  (100 rag/100 g body weight, intraperi toneally) the sciat ic nerves  were  dissected,  af ter  which 
the guinea pig was fixed to a special  f r ame  by the knee and ankle joints and by the sac ra l  ver tebrae .  Needle 
e lectrodes ,  8 m m  apar t ,  were  inser ted  into the bel ly of the gas t rocnemius  muscle .  For  visual  observat ion 
and recording  of the summated muscle  potentials,a type EMG-4-01 e lec t romyograph with a t ransmiss ion  
band of 10-3000 cps was used. The e lec t romyograms  (EMG) were  recorded  on photographic paper moving 
at a speed of 100 m m / s e c .  

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

The experiments  of se r i e s  I were  ca r r i ed  out on 8 sensi t ized and 4 control  guinea pigs. At the be-  
ginning of each experiment  the initial EMG of both gast rocnemius  muscles  was recorded.  In mos t  exper i -  
ments spontaneous e lec t r ica l  activity of the res t ing  muscles  was absent. In 5 cases  action potentials with 
a f requency of 1-3 i m p u l s e s / s e c  were  recorded.  Injection of 0.4 ml physiological saline into the muscle  
did not change the functional state of the gast rocnemius  muscles .  Sometimes a brief  flow of impulses 
could be seen at the moment  of insert ion of the injection needle into the muscle .  

After  the control  injection of physiological saline into the opposite gas t rocnemius  muscle ,  0.4 ml 
horse  s e r u m  was injected. This manipulation was accompanied by no visible changes in e lect r ical  activity 
of the muscles  of the unsensi t ized animals .  

* The student G. V. Poryadin  ass i s ted  with this work. 
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F i g .  1. E l e c t r o m y o g r a m s  of g a s t r o c n e m i u s  m u s c l e s  of a s e n s i t i z e d  
gu inea  p ig  a f t e r  i n t r a m u s c u l a r  i n j e c t i o n  of a n t i g e n .  A - o r i g i n a l  EMG;  
B - E M G  3 ra in  a f t e r  i n j e c t i o n  of 0.4 m l  h o r s e  s e r u m  into  the  r i g h t  
m u s c l e ;  C - E M G  a f t e r  d i v i s i o n  of r i g h t  s c i a t i c  n e r v e .  T i m e  m a r k e r  
0.1 s e c .  
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F i g .  2. E l e c t r o m y o g r a m s  of g a s t r o c n e m i u s  m u s c l e s  of c o n t r o l  (I) 
and  s e n s i t i z e d  (II) gu inea  p igs  24 h a f t e r  d i v i s i o n  of s p i n a l  c o r d .  A -  
O r i g i n a l  EMG; B - E M G  3 min  a f t e r  a p p l i c a t i o n  of h o r s e  s e r u m  in a 
d i lu t ion  of 1:30 to s p i n a l  c o r d ;  C - t h e  s a m e  15 ra in  a f t e r  a p p l i c a t i o n .  
T i m e  m a r k e r  0.1 s e c .  
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Different resu l t s  were  obtained in experiments  with sensi t ized animals .  A burs t  of impulses was 
r ecorded  3-5 min af ter  injection of s e r u m  into the gas t rocnemius  muscle  both on the same  and on the 
opposite sides (Fig. 1). In 4 experiments  the impulses appeared sooner  in the muscle  on the opposite side 
and later  in the muscle  into which the antigen was injected. Impulses pers is ted  in the muscles  for  2-3 
sec and reappeared  af ter  2.5-3 rain. Spontaneous d ischarges  of impulses could be seen for  15-25 min after  
injection of se rum.  The amplitude and f requency of the action potentials var ied  in different experiments .  

Because of these resul ts  it had to be determined whether the spontaneous impulses in the res t ing  
muscle  were  the resu l t  of an al lergic  react ion evoked by the action of the antigen on muscle  t issue.  The 
appearance of impulses in the muscle  on the opposite side could be explained by assuming that antigen 
entering the general  blood s t r e a m  reached the opposite muscle  where an al lergic react ion also took place. 

At the same  t ime,  there  a re  grpunds foranother  suggested explanation. The appearance of impulses 
in the muscle  may  be connected with the action of antigen on muscle  recep tors ,  excitation of which may 
provoke ref lex responses  of the muscle .  Grounds for  this hypothesis a re  given by resul ts  obtained by 
severa l  authors showing that during sensi t izat ion the excitability of the vascular  and t issue recep tors  is 
inc reased  [2]. In par t icular ,  an increase  in f requency of potentials in the sinus nerve  have been descr ibed 
following injection of antigen into the perfused carot id  sinus [6], and an increase  in the frequency of impulses 
in the sensory  nerve  of a muscle  has been repor ted  af ter  injection of specific s e rum into the muscle  [4]. 

To determine whether excitation of the muscle  a r i ses  reflexly following the p r i m a r y  action of antigen 
on muscle  recep tors  or whether the appearance of potentials in the muscle  is associa ted  with the direct  
action of antigen on the muscle  t issue,  in the course  of the experiment  the sciat ic  nerve  was divided. If the 
injected antigen led to the appearance of spontaneous d ischarges  in the skeletal  muscle  as the resul t  of its 
action on muscle  t issue,  after  denervation of the muscle  the impulses in it should sti l l  pers i s t .  This did 
not take place in these experiments .  In all experiments  division of the sciat ic nerve  led to cessat ion of 
impulses in the muscle  evoked by injection of antigen into it (Fig. 1). The impulses in the opposite muscle  
pers is ted .  If s e r u m  was injected into the muscle  after  division of the nerve,  impulses did not develop in 
this muscle  but only in the opposite muscle .  

It may be concluded f r o m  these resul ts  that the burs ts  of impulses recorded  in the gast rocnemius  
muscles  are  not associa ted  with the action of antigen on muscle  t issue,  i. e., a re  not due to an al lergic 
react ion of the skeletal  muscle .  The resul ts  of experiments in which the nerve  was divided rule out the 
possibil i ty of ref lex excitation of the muscle  as a resu l t  of the action of s e rum on muscle  recep tors ,  for  
division of the nerve  on the side of antigen injection did not abolish impulses in the opposite muscle ,  a l -  
though the ref lex pathway was interrupted.  It could be considered that the appearance of spontaneous 
impulses in the muscle  was due to initial excitation of the spinal cord  by action of the antigen on it. Accord-  
ing to data in the l i te ra ture  the spinal cord  exhibits increased  pathological activity af ter  a react ing injection 
of antigen [10, 12]. 

In investigate this fact,  the experiments of se r ies  II were  ca r r i ed  out, in which s e r u m  was applied to 
the sp ina lcords  of 6 control  and 18 sensi t ized guinea pigs. The guinea pigs were anesthetized,  the sciatic 
nerves  were  dissected,  and the spinal canal  was opened between the 5th lumbar  and 1st s ac r a l  ver tebrae ,  
after  which the dura was divided. The initial EMG f rom both gast roenemius mueles was recorded,  followed 
by the EMG after  application of s e r u m  to the spinal cord  and the EMG after  division of the sciat ic nerves .  

In experiments on the control  animals a concentrat ion of s e rum (1:30) was selected which, when 
applied to the spinal cord,  produced no changes in the original  EMG of the muscles ,  i.e., which was indiffer-  
ent toward the spinal cord.  Horse  s e rum was diluted in physiological saline, pH 7.4-7.6, c lose  to the pH 
of the ce rebrosp ina l  fluid. 

Application of indifferent doses of s e r u m  (0.5 ml in dilutions of 1:30 or 1:50) to the spinal cord  of the 
sensi t ized animals led to a considerable  increase  in e lec t r ica l  activity of the investigated muscles ,  or  was 
accompanied by the appearance of impulses where previously none had been found. Impulses appeared 
much sooner  (40-80 sec) than when the antigen was injected in t ramuscular ly .  Spontaneous discharges  of 
impulses pers is ted  for  2-3 sec and were  repeated severa l  t imes.  

Division of the sciat ic nerve,  ca r ry ing  motor  f ibers  to the gas t rocnemius  muscle ,  interrupted the 
burs t  of impulses in this muscle ,  whereas  impulses to the opposite muscle  continued to appear,  evidently 
as a resu l t  of integri ty of the communicat ion between the muscle  and the spinal cord.  As soon as this 
connection was broken by division of the nerve,  impulses in the muscle  disappeared.  
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Since all the experiments described above were carried out on intact animals, activation of the 

muscle potentials in conditions of anaphylaxis could have been due to the action of the antigen both on the 

spinal cord and on the cortex or subjacent structures of the brain. There is information in the literature 

that a reacting injection of antigen is accompanied by an increase in electrical activity of the cerebral 
cortex [7]. 

To obtain a more distinct picture in the next variant of the experiments,9 sensitized guinea pigs were 
used in which the spinal cord was first divided at the level of the 2nd-3rd thoracic vertebra. Experiments 
were carried out 4-5 h after division of the spinal cord or next day. In 6 of 9 experiments no impulses 
were present the muscles initially. After application of horse serum in dilutions of 1:30 and 1:50 to the 
spinal cord, considerable discharges of impulses were recorded periodically from the gastrocnemius 
muscles for 20-30 rain (Fig. 2). Each burst of impulses continued for longer (up to 10 sec) than in the 
previous experiments. Hence, when the spinal cord was separated from the brain, more marked activation 
of the muscle potentials was observed after application of antigen to the spinal cord than in intact animals. 

It may be concluded from these results as a whole that the action potentials arising in skeletal 
muscles after a reacting injection of antigen are not the result of an allergic reaction of the skeletalmuscle, 
but are associated with action of the antigen on the spinal cord of the sensitized animals. A change in the 
functional state of the spinal cord under the influence of antigen is accompanied by spontaneous bursts of 
impulses in the skeletal muscles. 
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