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In their studies of the dominant, Ukhtomskii's school
paid particular attention to the laws of the reorganization
of intracentral relationship [5-8, 12, 13]. Only the work
of Aristova [1, 2], from Vasilev's lahoratory, was con-
cerned with the question of the influence of the dominant
center on the peripheral neuromuscular apparatus con-
nected with snch a center,

It was determined by one investigator [11] that a pro-
longed cooling of the frog, which led to the formation of
a natural flexor dominant, was accompanied in the ma-
jority of cases by a change in the ratios of the chronaxies
of the antagonistic muscles of the hind limb. 1If the [rog
were maintained 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 the frog was kept at a low temperature,
this relationship - the coefficient of Bourguignon - 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,
theobase 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 excitability 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-
citability 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 preliminarily - cooled animals,

In our work, we set ourselves the task 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-
cially produced dominant.

The domninant was produced by the action of thyth-
mic subliminal stimuli to the tibial nerve of the frog,
according to the method of Vetyukov {4, 5], as modified
by Verzilova [3]. The presence of a dominant was shown
in the perversion of the reciprocal relations among the
centers for the amagom‘sté, which was expressed as a
heightened contraction of the semitendinosus muscie to
test stimulations of the nerves.

METHODS

The cerebral hemispheres of frogs Rana ridibunda
were ablated and on both sides the semitendinosus mus-
cles, peroneal nherves, 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 cps
and of an intensity 2-3 cm below threshold were used
for subliminal excitation. These stimuli lasted for 10-20
min and generally were applied repeatedly. In the in-
tervals between the action of subliminal stimulations
reflex contractions of the semitendinosus muscles were
recorded, against the background of which test stimuli
were applied to the ulnar and contralateral peroneal
rerves. The rheobase and chronaxie of the motor nerve
(deep posterior branch of the sciatic nervey and of the
semitendinosus 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 of
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Fig. 1. Change of parametess of excitability of the
motor nerve and muscle during formation of a dom-
inant focus in the ipsilateral flexor center of the
spinal cord. Experiment 34, April 9, 1957.

A. Reduction of rheobase, chronaxie, threshold
quantity of electricity, and threshold energy of stimu-
lating current of the semitendinosus 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 subliminal
tetanization for 10 min (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 cusrent for the nerve; 4) threshold en-
ergy of the stimulating current for the nerve; 5)
theobase 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.

1st-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 ipsilateral
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 curves (from above down-
ward): myogram of the reflex contractions of ipsi-
lateral semitendinosus muscle; 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; time marks (1 sec). Numbers above
stitnulation markers; distance between coils of in-
ductorium (in centimeters).



needle electrodes, stuck into the belly and tendon of the
muscle and separated by a distance of 10 mm. Measure-
ments of excitability were carried out repeatedly — at
the beginning of the experiment, at the time of forma-
tion of the dominant, and after its extinction. On the
basis of the data obtained the threshold quantity of
electricity (V) and the threshold energy ( V%)) of the
stimulating current required for excitation of the nerve
and muscle 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 limb
were studied, These same parameters for nerve and
muscle of one hind limb 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
excitability 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 limb innervated by it, on the
side ipsilateral to the dominant, Chronaxie was short-
ened, and the liminal quantity of electricity and energy
of the stimulating current was reduced. The parameters
of excitability of the motor nerve changed most sharply.

Thus, in experiments carried out in the winter months
(December-February), the values for rhecbase 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, excitability 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 conwactions of
the ipsilateral muscle were weakened during stimula-
tion of the contralateral peroneal nerve and ulnar nerve
(Fig. 1B, 1st and 2nd strips of the myogram). Contrac-
tion of the contralateral muscle was reduced during test
stimulation of the ipsilateral nerve (Fig. 1B, 3rd and 4th
strips of the myogram). A ten min subthreshold tetaniza-
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, stimu-
lation of the contralateral, peroneal, and ulnar nerves
(Fig. 1B, 5th and 6th strips of the myogram) evoked an
augmentation of the contraction of the ipsilateral mus-
cle instead of inhibiting it, while at the same time the

inhibitory effect was preserved in the opposite limb
(Fig. 1B, 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 excitability of
nerve and muscle during formation of a dominant
focus in the contralateral flexor center of the spinal
cord. Experiment 33, May 1, 1957,

A, Increase of rtheobase, chronaxie, threshold
quantity of electricity and threshold energy of stimu-
lating current for semitendinosus muscle and its
motor nerve during formation of dominant in flexor
centers of the opposite limb.

The contralateral peroneal nerve was subjected
to subliminal tetanization for 10 minutes (12:20 to
12:30, first hatched column). As a result of this a
dominant was formed (second hatched column).

Designations on graph same as in Fig. 1A,

B. Kymograms of same experiment.

1st-3rd sequences, reflex contractions of
semitendinosus muscle at beginning of experiment,
before formation of dominant; 4th-7th sequences,
the same, after establishinent of the dominant un-
der the influence of subthreshold stimulation 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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times (Fig. 1A, curve 1), and the chronaxie by 4 times
(Fig. 1A, curve 2). In this experiment the threshold
quantities of electricity (Fig. 1A, curve 3) and energy
(Fig, 14, curve 4) of the stimulating current were espe-
cially sharply reduced - by 10 and 25 times respectively.

Although less clearly expressed than the above, the
parameters of excitability of the semitendinosus muscle
also changed in the same direction during formation of
the dominant. Rheobase of the muscle in this experi-
ment was lowered by 2 times (Fig. 1A, curve 5), chro-
naxie by 1.6 times (Fig. 1A, curve 6), threshold quant-
ity of electricity of the stimulating current by 2.5 times
(Fig. 1A, curve 7), and threshold energy of the stimu-
lating current by 5 times (Fig. 1A, curve 8), After ex-
tinction 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 baseline levels of rheobase and chro-
naxie (see Fig. 1A),

Further experimentation showed that changes in
the parameters of excitation of the tnotor nerve of the
extremity contralateral 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 electricity and threshold energy of
the stimulating current increased.

Thus, for example, in experiment 33, of May 1,
1957, the rheobase of the nerve contralateral to the
dominant of the extremity increased three-fold, chro-
naxie lengthened by 1.7 times, threshold quantity of
electricity and energy of the stimulating cumrent was
augmented 5 and 15 5imes respectively (Fig 2A).
Rheobase and chronaxie of the semitendinosus muscle
change in the same direction.

These phenomena were demonstrated especially
effectively 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 limb was also studied at the
same time (Fig. 3, experiment of May 11, 1957).

Changes in parameters of excitation are presented
in Fig. 3. In each group pairs of columns show in se-
quence the changes of rheobase, chronaxie and thres-
hold quantity of electricity and energy of the stimu-
lating current. In each pair of columns the first shows
the baseline 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 ipsilateral flexor center, all parameters
of excitation in this extremity were reduced. (Fig. 34,
hatched columns), whereas,onthe contrary, they were
increased on the opposite side (Fig. 3A, black columns).

When the dominant changed over from the ipsi-
lateral to the contralateral flexor center, the opposite
changes took place immediately (Fig. 3B). The para~
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meters of excitability of the ipsilateral limb increased,
whereas those of the contralateral side decreased.

Such a transfer of the dominant from the flexor centers

for one extremity to those of the other side often arose

either spontaneously, or under the influence of repeated
subliminal tetanization.

In some experiments subthreshold tetanization
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 electricity and
of threshold energy of the stimulating cumrent did not
undergo significant changes. On the other hand, ap-
pearance of a "spontaneous® dominant (not dependent
on subliminal tetanization) was accompanied by the
characteristic reduction in the values for the indicated
parameters,

The table above indicates changes of parameters of
excitability 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 53 there was shortening of the chronaxie of the motor
nerve of the ipsilateral limb. At the same time in 23 of
a total of 34 experiments the rheobase increased and in
21 cases the chronaxie of the opposite side was length-
ened. The parameters of excitation of the muscle also
changed in the same direction 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 limbs ("mixed dominant") are not
entered in the data of this table. In such cases changes
in excitability were of a more complicated character,
They depended on the stage of expression of the dom-
inant in one or another center. Insome of these experi-
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 state of the peripheral neuromuscular apparatus along
with those occuiring in the reorganization of intracentral
relationships (impairment of reciprocal inhibition). In
such conditions excitability 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 excitability of the muscle.

Attention should be directed to displacements in
the same direction of the parameters of rheobase and
chronaxie at the time of appearance of the dominant -
to their simultaneous shortening or lengthening, as the
case may be. In contrast to Aristova's work changes of
theobase and chronaxie in opposite directions occurred
in our experiments only in those cases where a mixed
dominant was present. In various alterations of the nerve,
rheobase and chronaxie often did change in opposite dir-
ections - chronaxie lengthened while rheobase decreased,
and became shorter at a time when the rheobase was in-



g1l 14 ] 1:¢'1—1 4
(4] € 8 161 € g 1:¢°1 4 8
£:1 I 153 ¢ 1:3—¢ | ¢
aseaInacy 258210} 95B2I0U]
a8ueyo oy g 28ueyo oN g 28ueyd oN ¢
. g1 11 g =17 L
136711 ¥ g1l g g1t I 9IXBUOIY D)
1:8°1 9 g%l ¥ g1 vl
1:6 L [ ¥e €1 G L3 Lg g1 L €9 ¥9
1'¢ € ¥l I b1 €
1€l i 81 1 81 1
2583101} 2522109(] 2582109(]
. . 1:8° 11 14
S I—I0 14 g B bl B | g 9 1:6871 1 L
S'i-t I 1:¢ 1 1:€—¢ (4
asga10U] 28B2IDU]
gsealoa 9 a8ueyo oy ¥ a8ueyo oy L
a8ueno oN S I—1 €1 I Sl 12 05
g9 g Ity L Sl I eseqoay
167 L Gl € G- 14
1:8 9 g1 s e—b:1 L
1:¢ t €6 ¥e ¥l 1 A4 LE g1 £ 08 9
1:% I oIl { 011 1
95831011 asearva( 3583123
afueyo a8ueyd suE
b YoM Jo 18101 ¥ gotgm Jo Teior Jo YoTyM JO 12101,
30 30 121081BY D
IZ0eIRyD $95ED JO IDGLUMN I9108IBYD S25BD JO IDqUINN 1 $2580 JO I3qUINN £nnigeioxe
BAISN 2o ANIBN Jo
apts aa1soddo up sIyoweIed

JUBUTIWOP 92Ul JO SIS UQD

pioo Teurds 911 UI JWPUIWO ® JO UONEWIo] JurInp 91osmN pUP 9AION 10104 B JO SIXPUONYD pUe 958qooty jo afueyd

1001



02 43 a4n gz 00Lqus qodse 408

Rheo- Chron- Quantity of:

base  axie Electri- Energy base
city

g2 a1
Rheo-

Ipsilateral
Peroneal Nerve

Ipsilateral Semi-
tendinosus Muscle

SNy
e,
%!

%
%!

Contralateral
Peroneal Nerve
425 Q16 Q05 A0i5 091 G016

Chron- Threshold Quantity of:

axie Electri- Energy
city

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, 1857,

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

nerve,

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 time 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.

1002

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 thythmic 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 contralateral 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 exiremity to the centers of the other extremity



leads to corresponding modifications in their excitabil-
ity.
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