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Ampli tudinal  and t e m p o r a l  c h a r a c t e r i s t i c s  of cont rac t ions  of the submandibula r  musc le  of 
the f rog were  studied.  The ne rves  were  s t imula ted  with pu l ses  0.15 msec  in dura t ion  and 
with a f requency of 20 Hz. The th resho ld  ampli tude of the pu lses  v a r i e d  f rom 0.6 to 1.3 V. 
Maximal  con t rac t ion  of the musc le  o c c u r r e d  at  4 V. The op t imal  f requency which the m u s -  
cle could reproduce  during s u p r a m a x i m a l  s t imula t ion  was between 30 and 40 Hz. The v a r i -  
able component of the te tanic  con t rac t ion  of the musc le  fel l  off sha rp ly  at  f requencies  of be -  
tween 12 and 20 Hz. Judging f rom the c h a r a c t e r  of the m y o g r a m s ,  the submandibula r  mus -  
cle belongs to the "fast"  type.  

During the study of r e s p o n s e s  of the c a r d i o v a s c u l a r  s y s t e m  to va r ious  fac to rs  the need f requent ly  
a r i s e s  for in t r av i t a l  m i c r o s c o p i c  s tudies  to be made of the blood v e s s e l s  of ske l e t a l  m u s c l e s .  A conven- 
ient  object  to use  for this  pu rpose  is the f iat  and r e l a t i ve l y  thin submandibu la r  musc le  of the frog,  the r e -  
act ions of whose v e s s e l s  as a r e s u l t  of d i r ec t  con t rac t ion  were  obse rved  by Gaske l l  [4]. Acces s  to the 
musc le  and its nerve  is easy ,  and the i r  exposure  is  b lood le s s ,  an impor tan t  fea ture  when the no rma l  func- 
t ional  s ta te  of the v e s s e l s  mus t  be a s s u r e d .  In addit ion,  the fo rces  developed by both halves  of the musc le  
in r e sponse  to s t imula t ion  of the s y m m e t r i c a l  ne rves  can be expected to be equal ,  and the d i sp l acemen t  of 
the muscle  is s l ight ,  a ve ry  impor t an t  fac tor  for m i c r o s c o p i c  examinat ion of the v e s s e l s  in a chosen f ield 
of v is ion  ac tua l ly  in the cour se  of cont rac t ion .  

The object  of the p r e s e n t  inves t iga t ion  was to study the ampl i tudina l  and t e m p o r a l  c h a r a c t e r i s t i c s  
of cont rac t ions  of the f rog submandibu la r  musc le  as  functions of s t imulus  f requency and ampl i tude  in the 
motor  f i be r s .  

EXPERIMENTAL METHOD 

The submandibular muscle was exposed in frogs (Rana temporaria) anesthetized with urethane (3- 

3.5 ml of an 8% solut ion,  in jec ted  into the lymph sac) .  The two mandibular  ne rves  were  d i s s e c t e d  and 
divided,  and then s t imula ted  by  monopolar  s i l v e r  e l e c t r o d e s .  Contract ions  of the musc le  were  m e a s u r e d  
by a con tac t l ess  method based  on the use  of Hal l ' s  t r a n s d u c e r  [2]. A pe rmanen t  magnet  (weight 60 mg) 
was fixed to the musc le  with Cyacr in  glue. Ha l l ' s  t r a n s d u c e r ,  f ixed in a m i c r o m e t e r  ho lder ,  was moved 
through a d is tance  of 1-2 m m  away f rom the magnet .  The m i c r o m e t e r  ho lder  was so a r r anged  that  the 
d i rec t ion  of movement  of the t r a n s d u c e r  when the m i c r o m e t e r  sc rew was turned coincided with the d i r e c -  
t ion of movement  of the magnet  during cont rac t ion  of the musc le .  This al lowed graduat ion  of the i n s t r u -  
ment  used  to m e a s u r e  the Hall emf ,  d i r ec t l y  in units of length (the amount of d i sp lacement  of the magnet  
during cont rac t ion  of the musc le ) .  The in i t ia l  pos i t ion of the t r a n s d u c e r  r e l a t i ve  to the magnet  was chosen 
so that fo r  the g r e a t e s t  d i sp l acemen t  of the magnet  produced by cont rac t ion  of the musc le  the working 
point s t i l l  r ema ined  on the l inea r  segment  of the ca l ib ra t ion  c h a r a c t e r i s t i c  curve .  The t r a n s d u c e r  was 
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Fig. 1. Amplitude of isotonic contraction of frog submandibular mus-  
cle as a function of frequency of st imulation: A) myograms :  numbers 
show frequency of st imulation (in Hz); B) total amplitude of shortening 
of muscle  (1) and steady component of tetanic contract ion of muscle (2) 
as functions of frequency of stimulation; C) amplitude of variable com-  
ponent of tetanic contract ion of muscle as a function of frequency of 
st imulation.  In B and C: abscissa ,  frequency of st imulation (in Hz), 
ordinate,  contract ion of muscle (in #). 
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Fig. 2. Degree of contrac- 
tion of frog submandibular 
muscle as a function of am-  
plitude of s t imulat ingpulses .  
Absc issa ,  amplitude o f s t i m -  
ulation (in V); ordinate,  con- 
t ract ion of muscle (in it). 

supplied with an alternating cur ren t  (5 kHz) so that an ordinary  U B P - I -  
0.2 biopotential amplif ier  could be used to amplify the signal. The 
choice of frequency was determined by the frequency of the process  to 
be investigated (the frequency of the power supply must  be at least 2 
o rde rs  of magnitude higher than the highest frequency of the p rocess  in- 
vest igated to permi t  qualitative detection) and by the noise level of the 
amplif ier  giving a t r ansmiss ion  band of adequate width. The signals 
were  recorded  f rom the sc reen  of a C1-4 CRO (de amplification). 

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

During unilateral  supramaximal  st imulation of the nerve,  the mus-  
cle contracted by 1 • mm toward the border  of the mandible, while 
in response to bi la tera l  st imulation of the symmet r i ca l  nerves ,  it moved 
through only 59-100 #. 

As Fig. 1A shows, the muscle responded to supramaximal  s t imula-  
tion of the nerve by single contract ions up to a frequency of 4 Hz. With 
a fur ther  increase  in stimulus frequency, the steady component of the 
tetanic contract ion continued to increase ,  vir tual ly reaching its upper 

limit at 30-40 Hz (Fig. 1B). The variable component of the contractions was correspondingly reduced to a 
value (Fig. 1C) whose determinat ion was limited by the sensit ivity of the method. 

During st imulation of the nerve at a frequency of 20 Hz, the complete amplitude of contract ion was 
close to the possible maximum. The threshold amplitude of the pulses at  this frequency of st imulation 
varied f rom 0.6 to 1.3 V. Maximum shortening of the muscle in 7 of the 10 experiments  occur red  at 4 V. 

The intensity of the working hyperemia  in "fast" and "slow" muscles  is unequal both in mammals  and 
in birds [3, 5, 6]. The possibi l i ty is not ruled out that the same differences may exist also in frog muscles  
with different fiber composi t ions.  
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Judging by the charac te r  of the myograms (Fig. 1A), the submandibular muscle can be classed as 
"fast." However, the fact that relaxation of the muscle was incomplete during stimulation of the nerve at 
frequencies over 20 Hz suggested that it also contained tonic f ibers .  To test  this hypothesis,  Zhukov's 
experiment was reproduced [1]. Stimulating the nerve at 100 Hz for 0.3 sec showed that the threshold 
amplitude of st imulation for the tonic fibers was 3-4 V (Fig. 2). The nerve was then st imulated at the 
same frequency and below the threshold strength for tonic fibers for 2-2.5 min. During this t ime the mus-  
cle relaxed slightly because of disconnection of the "fast" f ibers .  With an increase  in the amplitude of 
st imulation to supramaximal  the muscle again contracted.  This fact confirmed the hypothetical existence 
of a cer tain number of tonic fibers in the muscle .  Since the amplitude of the tonic "tail," which appeared 
after  st imulation of the nerve at high frequency, was small  (Fig. 1A), the number of these fibers in the 
submandibular muscle  likewise is small .  

The optimal frequency of st imulation which the frog submandibular muscle can reproduce is 30-40 Hz. 
The variable component of the tetanic contract ion of the muscle falls off sharply at frequencies between 
12 and 20 Hz (Fig. 1C). It can therefore  be considered that the rigidity of the muscle fibers during s t im-  
ulation at about 20 Hz may be sufficient to cause compress ion  of the blood vesse ls .  
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