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The general ly  accepted  way of evaluat ing the functional possibil i t ies of an exc i tab le  system is from a study 
of the way in which the exci ta t ion develops in the system. When we apply any form of s t imulator  to the study of the 
functional properties of a physiological  substrate, the course of the exci ta t ion  process developing will  depend to a 
considerable extent on the properties of the s t imulat ing agent.  It is for this reason necessary in each case to make  

a precise evaluat ion of the st imulator used. 

Until  recent  t imes ,  such evaluations were confined to a considerat ion of the  frequency and the intensity of  
the st imulation,  the s ignif icance of which for the response react ion of the exc i tab le  substrate was not apprec ia ted  

in the 19th century. References may,  however,  be found in the l i tera ture  to the c i rcumstance  that the nature of 

the response given by an organ is also signif icantly affected by the duration of the s t imulat ing impulse~ [5, 11, 12, 
and 13]. 

The present paper is devoted to a study of the effect of varying the duration of s t imulat ing impulses on the 
response to rhythmic st imulation.  

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

Out experiments  were carr ied out on adults and on children of the  age groups 7-8,  11-12, and 14-15. Stimu- 

lating impulses" of given durations were tested on each subject not less than 5- 6 t imes.  The source of rhythmic 
indirect  st imulations of the muscles was an e lec t r ic  generator  of square wave impulses. As the frequency of the 
impulses rises, for a given duration of s t imulat ion,  the kymegraph records of te tanic  contract ion of muscle  grad- 
ually rose to a maximum,  after which the height of the contractions began to fall  with increasing frequency; at 
very high frequencies the react ion was either to ta l ly  abolished,  or it took the form of " in i t ia l  contract ion."  The 
objec t  of our research was to find the frequencies at which the height of contract ion first began to fall ,  and at 

which the response either abolished, or was of the " in i t ia l  contract ion" form. The former frequency gave us the 
threshold for the par t ia l  pessimum of the muscle,  and the la t ter  frequency the threshold for the full pessimum. 

We st imulated the lower point of the median nerve of human subjects, and registered the movements  of the 

thumb. The intensity of s t imulat ion amounted to 11/2 t imes  the te taniza t ion  threshold. The duration of the stimu- 
lat ing impulses was from i to 8 mil l iseconds.  

We found that the lower the age of the subject,  the sooner did increase in frequency of impulses,  at  constant  
duration, bring about a pessimat reaction.  As the duration of the impulses was increased,  however, both the par- 
t ia l  and tile full pessima were achieved at lower frequencies of s t imulat ion,  for al l  age groups (Table  1). 

Increase in the period of s t imulat ion had a greater  effect on the par t ia l  and full pessima than did increase 
ill the duration of the impulses. It follows that increase in the period of s t imulat ion took place;during the im- 
pulse and during the pause (Figure 1). 

In passing ftonq a shorter to a longer duration of impulse,  the increase in the pause for which pessimal reac- 
tion of the muscte was found was not the  same for chi ldren of  different age groups- it  was greater  for 7 - 8 - y e a r  
olds than for older children. This observation may serve as an indirect  indica t ion  of the lower labi t i ty  of muscles 
of 7 -8 -yea r  old children. 

The same effect was found in adults when the duration of the impulses was raised to 8 mil l iseconds - the 
greater the duration of the impulse,  the longer was tile pause during which the muscle responded with a pessimal 
reaction (Figure 2). 
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TABLs 

Mean Values of the Th~esholdsof Partial and Full Pessimum at Different Durations of 

Stimulat ion 

Age 
Durad.on of 
impulses,  in 
m s e c ,  

Pressimum 

_ _  par t ia l  

duration 
frequency ~f pause,  

:fIS'EC. 

full  

duration of 
in.  f requency pause,  in 

I r tSec. 

7--8  years 

11-- 12 years 

14--15 years 

1 

2V~ 

1 

1 

2V2 

224 

155 

367 

219 

505 

261 

3.46 

3.95 

1.72 

2.06 

0.98 

1.33  

613 0.63 

292 0.92 

712 

329 

757 

335 

0.40 

0.54 

0.32 

0.48 

Adults 1 
2t/~ 
4 
8 

466 
259 
!25 
77 

1.14 
1.36  
4.00 
4.99 

764 
343 

0.31 
0.42 

Thus the exper iments  in which duration was kept  constant and frequency was var ied shewed c lear ly  the de- 

pendence of the rate of  onset of the pessimal react ion on the duration of the s t imulat ing impulses.  

Experiments in which we changed the duration of the impuIses from one value  to another,  without interrup- 
ting s t imulat ion or varying its frequency, showed that with re la t ive ly  infrequent impulses the ampl i tude  of the 
eontract icns increased when we switched ever from shorter to longer durations. When tile impulses were more 

frequent, increase in their  duration had no effect on the ampl i tude  of the  contractions.  At stil l  higher  frequen- 
cies,  increase in duration led to a fall  in the  ampl i tude  of the contractions.  

Varying the frequency of the s t imulat ion at constant duration showed that the greater  duration of the impulses,  
the smatler  was their  frequency needed to give ma x imum ampl i tude  of c on t r a c t i on . .T h i s  evident ly  explains the 
strengthening of the motor react ion observed after increasing the duration of infrequent impulses. The data of the 

control experiments  permit ted . two explanations of the absence of changes in the arnplitudes of the contrac-  

tions., In some cases both the durations appl ied,  at the gNen frequency, gave an opt imum effect,  whereas in 
others the given frequency, in conjunct ion with the shorter duration, still  gave a subopnmal  effect,  but at longer 

durations a pessimal one; both effects were of equal intensky.  

The most pronounced changes in the ampl i tude  of contract ion were found in those cases in which the shorter 

duration gave an op t imal  effect,  al:d the  longer duration a marked pessimal one.  

For example ,  appl ica t ion  to one subject of s t imulat ion of a frequency of 338 impulses per second, and a dura- 

tion of 1"mill isecond gave an op t imal  muscular  react ion,  whereas at the same frequency but with a duration of 
2.5 msec. only a re la t ive ly  small  contract ion resulted. For this reason at a frequency of 338 impulses per second 
the change in duration from 1 to 2 .5  msec.  resulted in a marked fal l  in the  ampl i tude  of the contract ion.  It 

follows that in order to demonstrate  the effect of change in the  duration of the s t imulat ing impulse on the nature 
of the response react ion it is essential that the experiments  should be performed using a wide range of frequencies,  

and not an arbi t rar i ly  se lec ted  one only. 

We verif ied the results of our experiments  by performing short experiments  on 15 cats under anesthesia.  We 
recorded the contractions of the anterior t ib ia l i s  major  muscle,  in response to s t imulat ion of the t ib ia l i s  minor 

nerve, using a s i l v e r - s i l v e r  chlor ide  electrode.  The indifferent e lec t rode  (a  zinc sheet, area 6 sq_ ere ) was appl ied 

to the  shaved skin in the  lower abdominal  region.  The intensity of the  st imulations was max ima l ,  and the dura- 

li0n of the impulses was var ied from 0~ to 8 msec. 

137 



The animal  experiments fully confirmed our findings, described above, with an even greater  fall  in the pessi- 
mum thresholds on increasing the duration of the s t imulat ing impulses than for human subjects (Tab l e  2). 
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The thresholds for full pessimu'm were determined only 
for durations of  impulse of 1 to 8 msec. The values found 
were 175 and 74 impulses per second, respect ively.  

We also xrerified {he dependence  of the effect of st imu- 
Iation on the duration of the impulses switching over from 
one duration to another without interrupting the exper iment ,  
without changing the frequency. As for humans, the change 
in ampl i tude  of the te tan ic  contractions on switching over 
from a shorter to a long.er duration of impulse depended on 
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Fig. 1. Relation of the duration of the impulse 
to that of the pause at the frequency threshold 

of part ia l  and full pessimum in children of dif- 

ferent ages. a) Partial  pessimum; b) full pessi- 
nauru; 1) duration of impulses, in msec.;  
2) duration of pauses, in msec 

Fig. 2. Relation of the duration of the  impulse to 
that o f t h e  pause at' the frequency threshold of 

par t ia l  pessimum in adults. 1) Duration of im- 

pulse, in msec. ;  2) duration of pause, in msec. 

the frequency selected.  Thus in one of the experiments  (Fig- 
ure 3), diminut ion in the ampl i tude  of contract ion first ap- 
peared with frequencies of 85 impulses per second, for dura- 

t ion of s t imulat ing impulses of 1 msec. Increase in the duration of the impulses to 8 msec. led to a lowering of 
the par t ia l  pessimum threshold; a fall  in ampl i tude  was a l ready evident at 50 impulses per second. Changing 

the duration of the impulses from 1 to 8 msec. ,  a t  a frequency of s t imulat ion of 30 impulses per second caused 
an increase in the motor react ion,  while at a frequency of 50 impulses per second the ampl i tude  of contractions 
fell,  after 011 in i t ia l  rise. 

T A B L E  2 

Thresholds of Part ial  Frequency Pessimum in Cats 

�9 { r n  Duration in msec.  Pessimum threshold m .. . .  p./~s_ec. 

impulses 

0.5 
1 
4 
8 

pulse 

6,91  
8.71 

12.67 
13.74 

mean value 

135 
103 
60 
46 

range 

104--150 
75-- 132 
50--75 

' 10--55 

138 



Thus our observations on human subjects, and our exper iments  on cats,  both with constant duration of impulses 
and var iable  frequency, and with constant frequency but var iab le  duration,  showed that the response reac t ion  of 
the muscle  is de te rmined  largely by the reciprocal  re la t ion of these two parameters .  The greater  the  durat ion of 
the  s t imulat ing impulses,  the smal ler  is the  frequency necessary to produce a max imum response, and v ice  versa; 
the lower the frequency, the more does duration have to be increased to ach ieve  a pessimal  effect.  

Fig. 3. Effect of varying the duration of impulses on the 
strength of contract ion in response to st imulations of difo 
ferent frequency, in the cat .  a) par t ia l  pessimum thres- 

hold for duration of impulses of 1 rese t . ;  b) the same, 
for durations of 8 msec. ;  c) switching over the durations 
from 1 to 8 msec. ,  at frequencies of 30, 50, and again 

30 imp . / s ec .  
Explanation of tracings ( f lom above down) : muscle con- 
tractions,  s t imulat ion signals. 

The more pronounced lowering of functional l ab i l i ty  of the  per ipheral  motor apparatus observed on raising 

the  freq_uency or the duration of impulses in 7- 8- year-  old chi ldren is evidence of the  lower resistance of neuro-  

muscular  e lements  to al ter ing factors at this age. 

It is of interest to consider this finding in conjunct ion with that of A. G. Ivanov-Smolensky [3], who showed 
that supert imit ing inhibi t ion occurs in tile cerebra l  cortex more readi ly  and frequently in schooI chi ldren of ' the  

younger age groups. This form of inhibit ion,  according to I. P. Pa r lo r  [ I0] ,  has a pro tec t ive  ef lecL as it pre- 

vents the harmful  ac t ion of excessively strong st imulat ion.  

Other authors [8, 9] have shown that the same part is played by pess imal inhib i t ion .  It may be supposed that 

pessimal ,  or protect ive ,  inhibit ion arises in the neuromuscular apparatus more read i ly  when the individual  is 

younger [41. 

These regular changes in the courses of the inhibitory process in children of different age groups are quite 

c lear ly  shown in our exper imen t s  

The lowering of the pessimum thresholds when the duration of s t imulat ing impulses is increased may be ex- 

plained,  on the basis of N. E. Vvedensky's  teachings on parabiosis,  as a general  react ion of l iving organisms to 

any factor, of either the internal  or external  environment [2]. 
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The view that there is a close relationship between rhythmic stimulation and the parabiotic process is becoming 
increasingly widely held [1, 6, 7]. The excitation wave is regarded as a reversible parabiotic process. From this 
standpoint, the response reaction of the organ to the rhythmic stimulation depends on which particular phase of the 
reverse parabiotic reaction coincides v~ith each successive impulse. If the second of a rhythmic series of stimula- 
ting impulses coincides with an inhibitory stage of the parabiotic process, a pessimal reaction results. Since each 
of the successive impulses intensifies the parabiotic process, maintaining it in the inhibtory stage, the pessimal 
reaction persists over the whole duration of stimulation. The longer the inhibitory phase of the parabiotic pro- 
cess is maintained, the smaller is the frequency which gives rise to a pessimal effect. 

In our experiments, when we increased the duration of the stimulating impulses we thereby increased the 
duration of action of the de cathode on the excitable substrate, and this, acting as a parabiotic agent, stopped 
the reverse parabiotie process. 
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With each year, more and more experimental evidence of the reflex mechanism of the action of antigens 
is being published, as well as of the development of processes of infection along these lines (A. D. Speransky, 
and co-workers, V. S. Galkin, G. V. Peshkovsky and co-workers, and others). Our laboratory has devoted many 

* In Russian. 
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