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The study of the dewelopment of central coordination and of the reciprocal relations between nerve centers
during outogeny which ax= it basis rcpresents one of the imporstamt problems in physiology.

Much work has beem devoted to the problem of the development of reciprocal innervation during ontogeny,
S. L Enikeeva {7] observed simultaneous muscular contractions during the myographic registration of the con=
tractions of the flexors and extensors of decerebrate preparations of newbom animals, Reciprocal ichibiton was
observed only after a cooxiderable length of time after binth., These data corresponded to the data of L Al
Arshavsky [2, 3)andhis ec-worken [9] regarding the absence of functional differentiation of the czntral motor
mechanisms in premargzz infamt animals during the first 10-12 days of postnatal life, Other authors observed
reciprocal relations in the inncrvation of antagonistic muscles in embryos even long before bisth. According to
the data of E. P. Stakalick {11}, A. A. Volokhov, G. A, ObraztsovaandX. P. Stakalich [6], reciprocal welations
can be obscrved sooa aft=z the development of the first reflex movements of the embryos. 1t is known that pew-
bom puppies, kittens and rabbits crawl well, with altemate movement of all four extremities as in walking.

The development of decerebrate rigidity, in which an increase in the tone of the extensors with simuita-
neous inhibition of the tome of the flexor muscles is characteristic, indicates that reciprocal relations exist be~
tween the perve centess of antagonistic muscles, According to contemporary theory, decerebrate rigidity is the
result of a change in the fanctional state of the motor nuclei of the medulla oblongata (Defters’ nuclef and s~
ticulate substance), whict occurs as a consequence of the elimination of the inflnences of the higher areas of
the brain, especially of 22 red nucleus. The data of a number of authors allow the supposition that the function
of these structures, whick are closely involved in the regulation of the tone of skeletal muscles, arising alre
in the intrauterine period, becomes apparent from the first days after birth [14, 12, 5], Other authos could
discovar a stable decer=rate rigidity during the first days of poswnatal tife {13, 1).

Data regarding the counse of reciprocal reflex reactions of antagoaistic muscies and of deceredbrate rigidity
in newborn kittens are persented in this communication,

EXPERIMENTAL METHODS

The experiments were set up using 23 kittens ranging in age from several hous to 16 days, intact or de-
cerebrate, The kittens were placed in a stand which was padded with cotton and were fasteped with ganze bandk,
The carctid anteries wezs tied and tracheotomy performed before decerebration, Electrocantery of the sagittal
sinus and pressare on the aneries prevented bleeding. Afier opening the cranium widely under deep ether anes-
thesia, the cercbral hemispheres weie removed and the midbrain cut, The planes of the cuts usually passeds.
dorsally, along the ceat=r of the superior colliculi or between the collicali, ventrally, close to the aunterior bordex
ol the poms (Fig. 1, C). Tue preparations were warmed after decerebration, In order to observe the changes in
.= tone of the exiensom, we fastened the femurs of the preparations, which were 1aid op their backs, in 2 vestical
pesition (using small scz=ws which were screwed into the epiphyses of these bones or loag needles which were



passcd through the distal epiphyses of both femun and fastencd ln clamps, Fig. 1, R). 1n cases when the extensom
mkad tone the forefect passively hung down, 1 tone was prexent, they took a pasition midway betweea fexion
extersion,

Fluctnatfoms {n the elcctrical potentfak of the extensors amt fexors of the knee joint were registered by
rmears of a two-channel cathode oscillograph. The electrodes were needle-like, the distance between them .
approxtmately 5 mm, Defensive reflexes of the hind limbs were produced by mechanical stimulatica of the skin
on the solcs of the feet,

Fig. 1. Decerebrate rigidity in the newbomn kitien, Preparation of the kitten ca
the 3rd day after birth, Weight 134 g,

A) 50 minutes after decercbration; the animal i kept on its back by the right
hind limb, the head thrown back, the 1imbs extznded; B) 6 hours afier decerebess
tion: the femuss of the animals fastencd in a vemmical position, the front and hind
1imbs extended; C) ventral surface of the brain of this animal; ¢) location of the
cut (anterior boundary of the pons varolif); g surface of the cxte

EXPERIMENTAL RESULTS

Reciprocal innervation in newborn kittens. On registering the electrical activity of antagoaistic muscles
tn kittens with an intact central nervous system during the first days after birth, weak muscle tone, wsually domi-
nated by the flexon, is found. We led off differences {n potentials with an amplitude of 20-80 #v from these
muscles, The form. of some of themn was monophasic, Typical local reflex reactions, expressed 3 fiexion of the
paw, were produced by weak tactile stimulation of the skin on: the sole of the foot. An electromyogram from a8
experiment oa a kitten a few houss after birth is shown in Fig.2, A. An increase in the electrical activity of the
flexors (flexloa reflex) occumed in response 1o the slightest tacwile stimulation, If the same stimulue was applied
to the opposite paw, the differences in the potentiak of the flexon were decreased. There wonki be no changes
in the electromyogram of the extensors or a slight increase in 4he variations of the potentials (crossed extension

“reflex). On increasing the stimulis we observed more compizx reflex reactions. Typical records aze shown i
Fig.2,B. In the first moment after the initiation of the stimwlst, irregular variations wese observed in the po-
tentials of both muscle groups. Visually, the front paws wese :observed to quiver at this moment, This period of
the reflex should be regarded as the result of the diffuse irradiation of the stimulus, characteristic of the easly
stages of cutogenesis, Then the action potentials of the flexcim took oa a more regular nature and focreased i
amplitude, while a deciease in the fluctuations of the poteatials of the extensors began simultaneowsly. Lates
the electrical activity of the extensors Increased, while the finctzation of the potentiaB of the fexos gradually
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dwindld away to nothing. Extension of the limba conespooded to the Tas postion of the curves. During the same
degree of sthmulation of e opposite paw, fluctnatiar of e potential of both groups of muscles was chserved,
ahhough with an obvicus predominance of the extesmors,

1a cases when these was background clectrica? activiry in the extemors as well, it was casy to citain 8
typical reciprocal relaticaship between the reactions of both groups of amagonistic muscies when the force of
the stim=lation was added {Fig. 2, C) '

D

Fig. 2. ®=flexes of antagonistic muscles of the hind Yimbs of ncwbom kitiens during
cytanecus stimalation,

A) Reflezxes during very mild taciile stime lation of the skin of the left (a) and right
(b) soles of a kitten with an Intact central nervous system several hours aféer birth;

B) the sazme during stronger stimelzzion; C) reflexcs during tactile stimulation of the
Jeft sole of a kitten with an intact central nervous system the day after birth; D) re~
flexes during weak pinching of the icf (a) and right (b) soles of a kitten decerebrated
several Bours after birth,

Curves {%x3p to bortomn): elecurompograms of the left guadriceps femoris, electromyo-
grams of the flexon of the kneejoim of te Jeft imbe.

Calibratiion is 50 #v of the eflective volrage of an ahiemate simsoidal current.
Stimuli indicated by the light lines below or by an arrow. Film speed 1 cmv/sec,

Similar, but even: nore distinet, reflex interrelations were obtained with decerebrate preparations of new-
bom kittens, if they wexe in good functional concizion (see below). We show the curves cbtained with a kitrea
several houss aftes birdz 4Fig. 2, D). Rhythmic motions of the limbs of a2 “walking® type, which coul arise with-
cut additional stimulation and which sometimes Izsted over 10 minutes, were cbserved repeatedly in the decese-
brate prepararions. '

Chien in re.ponse 7o skin stimuli, as well as during strong spontaneows MoOvenens, simultanecus contractions
of the antagonistic musccles of the newborn kittems would occur. Coosdinated contractions of these muscles of a
syaergistic type, as well as of an antagonistic type, could be vbsesved among decerebrate kittens at various stages
of the experiment os a single preparation using the same stimuli. & is known that simultaneous contraction of
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antagonistic muscies is observed as & regular occunrence in adult decerebrate uﬁmah as well {4, 8, 10},

Cesscquently, the nerve conten of newborn kittens are able to biing about reciprocal reflcx reactions of
antagonixtic muscles of the type of a flexion refiex, of a crosscd extension reflex, and of a thythmic reflex of
the walking type. The nere centers of pewbarn kittens differ from adult animak in their greates tendency
wward irradiation of excitation, Jesser speed and clarity of the organization of the reciprocal relations,

On decercbrate rigidity in newbon kiters, Almost 3l the avthors who experimented oa decerebrate prep-
aratiums of adult animals pointed cut the divenity of their condition and the frregularity with which decerebrate
ngid:ty appeared. This pertalns to newbom ones to a comsiderably greater exrem,

Sceme time after decerebration ({:om 2 tw 30 minutes), reflex excitability, defemive and knee reflexes
would azpear. Usually shortly afier decerebration, the extensor tone was not dominant; inore oi.cn the flexor tone
was stroeger. Howevet, in 10-40 minutes, as a nule, tonic contraction of the exiensor muscles appeared and in-
creased i stmngth. The head would be thrown back, the front and then the hind limbs woald be extended (Fig.
1, A). During the passive flexicn of the head and limbs, the resistance of the contracted extensor muscles conld
be felt. A kitten which was placed on its feet and lightly kept from falling on it side by holding its nose and
1ail cou3 keep its body above the surface of the support for some time (up to 30 seconds). The tone of the ex-
tepsor moscles was considerably mote apparent in the forelimbs than in the hind,

Hewever, the period during which the extensor tone increased usually was replaced after a few minutes by
a predemminance of the flexor tone or by complete slackness of the skeletal muscles. Often this was accompanied
by a decrease ia the excitability of the animai's reflexes and by loss of the ability to give coordinated reflex se-
sponses. In order to evoke a reflex in these cases, a strong pinch of the limb was required, when brief jerdky
quivericgs of the entire musculature would occur, After some time the condition could improve, as judged by
the appearance of muscle tcue ard coordinated reflex responses. In some cases (10 preparations) respiraticn was
disruptad during one of the periods of muscle atony, Infrequent spasmodic motions with long pauses would ap~
pear. Afier some time, respiration would cezse and the kitten would die.,

In other experiments, stable decerebrace rigidity would develop after the initial period of unstable func-
tional condition, 30 minutes to 3 houss after decerebration (9 preparations). Tt would be preserved, although with
interruptions, for 2 long time (sometimes over 9 hous). The state of decerebrate rigidity was characterized by
the following signs. The extensor muscles were in a state of tonic contraction. The forcfeet of the preparations
were kept at an-angle of 60-120° to the femup which were fastened in a vertical position (see Fig. 1; B). The
tone of the occipital muscles was stronger, Comstant fluctuations in the potential differences of the extensor
muscles, typical of decercbrate rigidity, were found with the help of a cathode oscillograph. Comesponding sample
electromyograms  are  shown in Fig. 3, A and B, Frequently in the initial stages of the experiment, fluctations
of the ¢ifferences in potential of the flexors and extensors both would be registered, Later, after several hous,
differences in potential could be found only among the extensor muscles. Wezk stimulation of the muzzle, chest,
zbdomen, taps on the stand, alternate flexion and extension of the hind limbs at the knee produced an increze
in the extensor tone and increased the fluctuaton of the differences in the potentials of these muscles (Fig, 3, C)e
This shonid be regarded as a sign of the dominant state of the extensor nerve centers, typical of decerebrate rigidity.
R is necessary to observe that decerebrate rigidity could weaken or disappear temporarily in the last group of
preparations. However, it would always retum spoantaneously or after additional stimulation,

Thus, after section of the midbrain of kitters ranging in age from several houss to 16 days of posmaral life,
the phecomenon of decerebrate rigidity was chserved for a Jong time in approximately half of the cases. The ap-
pearance of decerebrate rigidity was also observed among the remaining preparations, but only for a short time.-
Stable rigidity could be ovserved only among those preparations on which the decerebration operation was per-
formed faultlessly (without hemorthage, with minimmal cerebral trauma, etc.). Additional trauma of the prepara-
tion (for instance, cuts in the skin), as well as cooling or overheating, easily led to deterioration of the functional
condition and to the disappearance of the rigidity.

Cur experiment show that the central nervous system of kitters during the fisst days of posmatal life de-
velops sufficiently to respond to extemal stimulation by reciprocal reflex reactions of the skeletal muscles, They
cousirm the fdea that animals of this age are capable of elementary reflex acts: defensive reflexes (flexion and
crossed extension), the simplest locomotion and after-discharge, connected with the central mechanisms of the
medaIla oblongata and midbrain. At the same time it is necessary to note the incomplete coordination of the
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Fig. 3. Tonic potential fluctuations of the extensors azd flexors of the kneejoin
after decerebration,

A) Preparation of a kitten several hours after birth: a) % hour aker decerebration,
b) after 1% hous, c) after 2% hours; B) preparation of a kitten 1 day after birth:

3) 1 hour after decerebration, b) after 2% hous; C) the same preparations iz~
creased flucmation of the extensor potentiak during weak tactile stimulation of
the abdominal skin,

The same curves and calibration as in Fig. 2.

coatractions of the skeletal muscles, evinced as the ease of onset of diffuse frradiation of excitation in compari-
son with the adult animals, as well as the relative inconstancy of the developement of decerebrate rigidity in
newbom animals. Apparently, the variations in the phenomena observed afier decercbration at thit age shonld
be considered a sign of the low functional stability of the corresponding nerve centens,

A considerable degree of differentiation of the functional properties of their nesve elements is a conditioa
requisite for reciprocal relations between the centers, The facts which we obtained do not correspond to L A,
Arshavksy's and his collaboraton* ideas regarding the fuactional state of the motor apparatvs of newbora animak.
Apparently, the methods they used to study the state of the reflex arcs at early stages of o.togencsls were not
exact encugh to show the dynamics of the functional differentiation of the elements of the ceatral nervous system.
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