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In their studies of the dominant, Ukhtomskii's school 

paid particular at tention to the laws of the reorganization 

of intraeentrat relatiorL~hip [5-8, 12, 13]. Only the work 

of Aristova [1, 2], from Vasilev's laboratory, was con- 
cerned with the question of tile influence of the dominant 

cemer on the peripheral neuromuscular apparatus con-  

nected with such a center ,  
It was determined by one investigator [111 that a pro- 

longed cooling of the frog, which led to the formation of 

a natural flexor dominant, was accompanied  in tile ma- 

jority of cases by a change in the ratios of the chronaxies 

of the antagonistic muscles of the hind limb. If tile frog 

were mainta ined at room temperature, the values for 

chronaxies of the extensor muscles were greater than 

those of the flexors, and the relationship of these values 

to each other was close to 2. According to the data of 

this worker, when tile frog was kept at a low temperature, 

this relationship - the coefficient of Bourguignou - be- 

came equalized or less than unity, a~ a result of the rise 

of chronaxie of the flexors and the lowering of chronaxie 

of the extensor muscles. In the experiments of Aristova, 

rheobase and chronaxie changed in opposite directions. 

Unfortunately, this author recorded the rheobase and 

chronaxie of the muscles of only one extremity and did 

not examine the exci tabi l i ty of the motor nerve. 

It thus remained unclear from the experiments of 
Aristova whether the dominant  produced by cooling, 

which was reflected in the results obtained, was due to 

the presence of a dominant  in both flexor centers for the 

hind limbs or in one of them only. Furthermore, the ex- 
perimental  arrangement  was such as to preclude the pos- 

sibility of following the dynamics of the changes in ex- 

ci tabi l i ty of the muscles during formation and extinction 

of the dominant  in one and the same animal,  for the au-  

thor compared the values of Bourguignon's coefficient  in 

normal and pre l iminar i ly-cooled animals.  

In our work, we set ~mrselves the t ~ k  of studying 

changes of the functional state of the peripheral neuro- 
muscular apparatus in the process of the appearance, 

development and extinction of an experimental,  artifi-  

cial ly produced dominant.  
The dominant was produced b y  the action of rhyth- 

mic subliminal st imuli  to file t ibial nerve of the frog. 

according to the method of Vetyukov [4, 51, as modified 

by Verzilova [31. The presence of a dominant was shown 

in the perversion of the reciprocal relations among the 

centers for the antagonists, which was expressed as a 

heightened contraction of the semitendinosus muscle to 

test stimulations of the nerves. 

lvtETHODS 

The cerebral hemisphexes of frogs Rana ridibunda 

were ablated and on both sides the semitendinosns mus- 

cles, peroneal uerves, ulnar nerves, and the motor bran- 

ches of the sciatic nerve (deep posterior twigs) which 
innervate the semitendinosus muscles were prepared. The 

frogs were. fastened to a cork board and placed in a moist 

chamber. Induction currents at a frequency of 50 eps 

and of an intensity 2-3 em below threshold were used 

for subl iminal  excitation.  These s t imuli  lasted for 10-20 

rain and general ly were applied repeatedly. In the in- 

tervals between the act ion of subl iminal  stinmlations 
reflex contractions of the semitendtnosus ruuseles were 

recorded, against the background of which test s t imuli  

were applied to the ulnar and contralateral  peroneal 
nerves. The rheobase and cltronaxie of the motor nerve 
(deep posterior branch of the sciat ic nerve) and of the 

semitendinosns muscle innervated by it served as the 

characteristic of the functional state of the peripheral 

neuromuscular apparatus. 
Silver chloride electrodes were used. Rheobase and 

chronaxie of the muscle were determined by means ~f 
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Fig. 1. Change of parameters of  excitabili ty of the 
motor nerve and muscle during formation of a dom- 
inant focus in the ipsilateral flexor center of the 
spinal cord. Experiment 84, April 9, 1957. 

A. Reduction of rheobase, chronaxie, threshold 
quantity o f  electricity, and threshold energy of stimu- 
La~L, ag current of the semitemdinosus muscle and its 
motor nerve during formation of a dominant in the 
flexor centers of the corresponding limb. The ipsi- 
lateral peroneal nerve was subjected to subIiminal 
tetanization for 10 rain (12:50 to 13:00, first hatched 
column). As a result of this a dominant arose (sec- 
ond hatched column). 

1. Rheobase of the nerve; 2) chronaxie of the 
nerve; 3) threshold quantity of electricity of the 
stimulating current for the nerve; 4) threshold en- 
ergy of  the stimulating current for the nerve; 5) 
rheobase of the muscle; 6) chronaxie of the muscle; 
7) threshold quantity of electricity of the stimulat- 
ing current for the muscle; 8) threshold energy of 
the stimulating current for the muscle. 

B. Kymograms from same experiment. 
ls t-4th sequences, reflex contractions of 

semitendinosus muscle at start of experiment, be- 
fore formation of dominant; 5th-8th sequences, the 
same, after formation of dominant in the ipsflateral 
flexor center of the spinal cord due to influence of  
subliminal stimulation of peroneal nerve (frequency, 
50 cycles; strength, 2 cm below threshold); 9th and 
10th sequences, the same, after extinction of  the 
dominant. 

Significance of the ctttves (from above down- 
ward): myogram of the reflex contractions of ipsi- 
lateral semitendinostts mnscle; myogram of reflex 
contractions of contralateral semitendinosus mus- 
cle; signal marker for stimulation of ipsilateral 
peroneal nerve; signal for stimulation of contra- 
lateral peroneal nerve; signal for stimulation of 
ulnar nerve; t ime marks (1 see). Numbers above 
stimulation markers,- distance between coils of in- 
ductorium (in centimeters). 
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needle electrodes, stuck into the bel ly and tendon of the 
muscle and separated by a distance of 10 ram. Measure- 

merits of excitabil i ty were carried out repeatedly--  at 

the beginning of the experiment, at  the t ime of forma- 
tion of the dominant, and after its extinction. On the 

basis of the data obtained the threshold quantity of 
electrici ty (V t) and the threshold energy (VZt) of the 

stimulating current required for excitat ion of the nerve 
and mnscle were calculated. In all, 160 experiments 

were carried out. In the first series of experiments rheo- 
base and chronaxie of the nerve and muscle of one l imb 

were studied. These same parameters for nerve and 

muscle of one hind l imb and of the motor nerve of the 

opposite extremity were determined simultaneously in 

the second series of experiments. 

RESULTS 

The experiments showed that the formation of a 

dominant in the flexor centers of the spinal cord was 

accompanied by a precise change in the parameters of 

excitabil i ty of the nerve and muscle. During this pro- 

cess there is a decrease of theobase of the motor nerve 

and the muscle of the hind l imb innervated by it, on the 

side ipsilateral to the dominant. Chronaxie was short- 
ened, and the l iminal  quantity of electricity and energy 

of the st imulating current was reduced. The parameters 

of excitabil i ty of the motor  nerve changed most sharply. 

Thus, in experiments carried out in the winter months 

(December-February), the values for rheobase and chro- 

naxie of the motor nerve were reduced by 2-10 times. 

This observation is in good agreement  with the fact that 
the spinal flexor dominant  is established best in the 
winter. 

When the dominant was formed, excitabil i ty of the 
muscle was heightened to a lesser extent than that of its 

motor nerve. With a deepening of the dominant  state 

of the center there was an accompanying greater ex- 

pression of the reduction of the parameters of excitation, 

but a weakening, on the other hand, of their expansion. 

The data from experiment 34 (Fig. 1) may be given as 

an illustration of this. At the beginning of the experi- 
ment, before application of subliminal  stimulation, re- 

ciprocal relationships took place:  reflex contractions of 
the ipsilateral muscle were weakened during s t imula-  

tion of the contralateral peroneal nerve and ulnar nerve 
(Fig. 113, 1st and 2rid strips of the myogram). Contrac- 
tion of the contralateral muscle was reduced during test 

st imulation of the ipsilateral nerve (Fig. 1B, 3rd and 4th 

strips of the myogram). A ten rain subthreshold te taniza-  

tion of the ipsilateral nerve then led to the formation 

of a flexor dominant in the spinal centers for this ex- 
tremity. Now, as is evident from the myogram, st imu- 
lation of the contralateral, peroneal, and ulnar nerves 

(Fig. 113, 5th and 6th strips of the myogram) evoked an 

augmentat ion of the contraction of the ipsilateral mus- 

cle instead of inhibit ing it, while at the same t ime the 

inhibitory effect was preserved in the opposite l imb 

(Fig. 1t3, 6th-8th strips of the myogram.). The rheo- 

base of the ipsilateral motor nerve was reduced by 2.5 
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Fig. 2. Change of parameters of exci tabi l i ty  of 

nerve and muscle during formation of a dominant  
focus in the contralateral flexor center of the spinal 

cord. Experiment 83, May 1, 1987. 

A. Increase of rheobase, chronaxie, threshold 

quantity of electr ici ty and threshold energy of stimu- 

lat ing current for semitendinosus muscle and its 

motor nerve during formation of dominant  in flexor 
centers of the opposite l imb. 

The contralateral peroneal nerve was subjected 
to subl iminal  te tanizat ion for 10 minutes (12:20 to 
12:30, first hatched column). As a resutt of this a 

dominant was formed (second hatched column).  

Designations on graph same as in Fig. 1A. 
13. Kymograms of same experiment. 

lst-Srd sequences, reflex contractions of 
semitendinosns muscle at beginning of experiment,  

before formation of dominant;  4th-Tth sequences, 
the same, after establishment of the dominant  un- 

der the inf luence of subthreshold s t imulat ion of the 

contralateral peroneal nerve; 8th and 9th sequences, 

thesame, after extinction of the dominant.  

Significance of curves same as in Fig. 1B. 
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t imes (Fig. 1A, curve 1), and the chronaxie by 4 t imes 
(Fig. 1A, curve 2). In this exper iment  the threshold 
quantities of e lec t r i c i ty  (Fig. 1A, curve 3) and energy 
(Fig. 1A, curve 4) of the s t imulat ing current were espe- 
c ia l ly  sharply reduced - by  10 and 25 times respect ively.  

Although less c lear ly  expressed than the above, the 
parameters  of exc i t ab i l i ty  of  the semitendinosus muscle 
als0 changed in the same direct ion during formation of 
the dominant.  Rheobase of the muscle in this experi-  
ment  was lowered by 2 t imes (Fig. 1A, curve 5), chro- 
naxie by 1.6 t imes (Fig. 1A, curve 6), threshold quant- 
i ty of e lec t r ic i ty  of the s t imula t ing  current by 2.5 t imes 
(Fig. 1A, curve 7), and threshold energy of the s t imu- 
lat ing current by 5 times (Fig. 1A, curve 8). After ex- 
t inction of  the  dominant  the reciprocal  relations be-  
tween the centers of  the muscle antagonists was again  
restored (Fig. 1B, 9th and 10th strips) and correspond- 
ingly reached the basel ine  levels of rheobase and chro- 

naxie (see Fig. 1A). 
Further exper imentat ion showed that  changes in 

the parameters  of exc i ta t ion  of the motor  nerve of  the 
ext remity  contra la tera l  to the flexor center in which 
the dominant  was worked out were of an opposite char-  
acter :  rheobase increased, chronaxie lengthened, and 
threshold amount  of  e lec t r ic i ty  and threshold energy of 
the s t imula t ing  current increased. 

Thus, for example ,  in exper iment  33, of May 1, 
1957, the rheobase of the nerve contra la tera l  to the 
dominant of the ext remi ty  increased three-fold,  ehro- 
naxie lengthened by 1.7 times, threshold quanti ty of 

e lec t r i c i ty  and energy of the s t imula t ing  current was 
augmented  5 and 15 5lines respect ively  (Fig 2A). 
Rheobase and chronaxie of  the semitendinosus muscle 
change in the same direction.  

These phenomena were demonstrated especia l ly  
effect ively  in those experiments  in which rheobase and 
chronaxie were,measured in the nerve and muscle of 

an extremity  in whose centers a dominant  had been 
worked out, and in which the chronaxie of the motor 
nerve of the opposite l imb was also studied at  the 
same t ime  (Fig. 3, exper iment  of May 11, 1957). 

Changes in parameters  of exc i ta t ion  are presented 
in Fig. 8. In each group pairs of columns show in se- 
quence the changes of rheobase, chronaxie  and thres- 
hold quantity of e lec t r ic i ty  and energy of  the s t imu-  
lat ing current. In each pair of columns the first shows 
the basel ine value of the parameter  before formation 
of the dominant,  and the second, when the dominant  
is present. As is seen in Fig. 3, with the dominant  
formed in the ipsi la teral  flexor center, a l l  parameters  
of exci ta t ion  in this ex t remi ty  were reduced. (Fig. 8A, 
hatched columns), whereas,onthe contrary, they were 
increased on the opposite side (Fig. 8A, black columns). 

When the dominant  changed over from the ipsi- 
la teral  to the contra la tera l  flexor center, the opposite 
changes took p lace  immed ia t e ly  (Fig.  913). The para -  

meters of exci tabi l i ty  of the ipsi lateral  l imb increased, 
whereas those of the contra la tera l  side decreased. 
Such a trartsfer of the dominant  from the flexor centers 
for one ext remi ty  to those of the other side often arose 
either spontaneously, or under the influence of repeated 

subl iminal  te tanizat ion.  
In some experiments subthreshold te taniza t ion  

did not lead to the formation of a dominant in the 
spinal cord. When this occurred the values for rheo- 
base, chronaxie,  threshold quantity of e !ec t r ic i ty  and 
of threshold energy of the s t imulat ing current did not 
undergo s ignif icant  changes. On the other hand, ap-  
pearance of a "spontaneous" dominant  (not dependent  

on subl iminal  te tanizat ion)  was accompanied  by the 

character is t ic  reduction in the values for the indica ted  

parameters.  
The table  above indicates changes of parameters  of 

exc i tab i l i ty  of the nerve and muscle during formation of 
a dominant in the flexor center of one extremity.  In 50 
of the 64 cases reduction of the rheobase occurred and 
in 58 there was shortening of  the chronaxie of the motor 
nerve of the ips i la teral  l imb.  At the same t ime in 28 of 
a total  of 84 experiments the rheobase increased and in 
21 cases the chronaxie of the opposite side was length-  
ened. The parameters  of exc i ta t ion  of  the muscle also 
changed in the same direct ion during formation of the 
dominant.  It should be exphasized that those experiments  
in which a dominant  was formed simultaneously in the 

flexor centers for both l imbs ( ' m i x e d  dominan t ' )  are not 
entered in the data of this table.  In such cases changes 
in exc i t ab i l i t y  were of  a more compl ica ted  character .  

They depended on the stage of expression of  the dom- 
inant in one or another center.  In some of these exper i -  
ments we observed changes in rheobase and chronaxie 
which were in different  directions. 

The sum total  of the data we have obtained leads 
to the conclusion that, during the formation of a dom- 
inant, important  displacements  can also be observed in 
the s ta te  of the  per ipheral  neuromuscular apparatus a long 
with those occurring in the reorganizat ion of intracentral  

relationships ( impai rment  of reciprocal  inhibition).  In 
such conditions exc i tab i l i ty  of the motor nerve, on the 

side of the dominant  was increased, and was lowered on 
the opposite side. This also happened to a somewhat 
lesser degree with regard to exc i tab i l i ty  of the muscle.  

Attention should be di rected to displacements  in 
the same direction of the parameters  of rheobase and 
chronaxie at the t ime  of  appearance  of the dominant  - 
to thei r  s imultaneous shortening or lengthening, as the 
case may be. In contrast to Aristova's work changes of 
rheobase and chronaxie in opposite directions occurred 
in our experiments only in those cases where a mixed 
dominant  was present. In various al terations of thenerve,  
rheobase and chronaxie  often did change in opposite dir- 
ections - chronaxie lengthened while rheobase decreased, 
and became shorter at a t ime  whcn the rheobase was in- 
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Fig. 3. Change of parameters of excitability of nerve and muscle during transfer of 
dominant from the flexor center for one limb to flexor center of the other side. 

Experiment 42, April 11, 1957. 
A. Dominant in ipsilateral flexor center of spinal cord. 
B. Dominant in contralateral flexor center of spinal cord. 
In each group the pairs of columns designate, in order: rheobase, chronaxie, thres- 

hold quantity of electricity and threshold energy of the stimulating current. In each 
pair of columns, the first shows the baseline value of the parameter and the second, its 
value in the presence of the dominant. Figures under columns, the corresponding val- 

ues of the parameters. 
Legends: slanting hatched columns, parameters of excitability of the ipsilateral 

motor nerve; cross hatched columns, parameters of  excitability of  ipsilateral semiten- 
dinosus muscle ; black columns, parameters of excitability of the contralateral motor 

n e r v e .  

creased. On the basis of these facts Nasonov [9, 10] 
stated that the parameter of chronaxie was inversely de- 
pendent on the value of the rheobase and therefore could 
not be used as an indicator of the speed of rise of excit- 
ability in the nerve. In our experiments chronaxies 
shortened in spite of the fact that rheobase was reduced. 
It thus appears to us that this gives us a basis to consider 
that, during the rise of the dominant, a heightening of 
excitability (decrease of rheobase) takes place along 
with a decrease in the t ime of origin of excitation (chro- 
naxie). 

The changes which we have observed in the func- 
tional state of the neuromuscular apparatus during the 
working out of a dominant in the centers of the spinal 
cord may have an important adaptive significance, guar- 
anteeing the preparation of an organ executing some 
task for the realization of an active effect. Further re- 
search is required for an understanding of the physiolog, 
ical mechanism of the action of the dominant center on 
the peripheral apparatus. 

SUMMARY 

The authors studied changes of  the functional state 
of the peripheral neuromuscular apparatus during elab- 
oration of  the spinal cord' dominant. The dominant was 
built up in one of the flexor centers of  the frog's hindleg 
through application of rhythmic subliminal stimuli. The 
formation of the dominant manifested itself by inversion 
of the reciprocal relations between the centers of an- 
tagonists. It was found that,as the dominant appears in 
a flexor center of the spinal cord in a motor nerve and 
in the muscle innervated by it in the corresponding 
limb, rheobase, chronaxie, the threshold quantity of 
electricity, and the threshold energy of the stimulating 
current decrease, with simultaneous increase of all these 
parameters in the contcalateral extremity. Disappearance 
of the dominant is accompanied by restoration of the 

initial level of excitability of the nerve and muscle, 
while the transfer of the dominant from a flexor center 
in one extremity to the centers of the other extremity 
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leads to corresponding modifications in their excitabil- 
ity. 
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