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The .m~dy of  the ~.~.-~clopraeat of central coordination and of the reciprocal reh~iom b-.tween nerve ce~_~_~ 
during o m o g ~ y  which ~ i~  basis represen~ one of the impor~m pmblen~ in physiok~r .  

Much wodc has ~ devoted to the problem of the devclopmem of w..ciprocal lnnervadon during ontoge.~. 
S. L E ~ i k e ~  [7] observ~ simultane~as mmcula: contractions during the myographia regtttratlon of  the cmt- 
~ractio~ of the flexoc~ a .~  extert~r~ of decerebrate p r e p a r a t i ~  of newborn animals. P~./ptx~d tnht'bt~ca was 
observed only afte~ a c ~ ' ~ r a b l e  length of  time after birth. These data corresponded to du; data o f L  A. 
At~hawky [2.3]andhi~c~--~ockert [9] regarding the absence of functional differentiation of l~e central m o t ~  
mechanisms in preman~e infant animah during the fi~t 10-12 day~ 0 fpmmata l  life. Othe~ autho~ ob~rczdl 
~eciprceal reIat/o~ in ~'~e innervat/on of antagonistic muscles in embryo* even long before birth. According to 
the data of L P . . ~ a l i ~  [11], A. A. Volokhov, G. A. Obra~sovaandE. P. Stakalich [6], r e d p ~ . a l  ~elatic~ 
caa be ~ e d  soo~ ~ the development of the ~ reflex mc0~emenut of  the embrym. It b known that new- 
born pu/)pie~, kittens an~ ~bbits crawl well, w/th alternate movement of  all four e~remitics  as in walking. 

The developmem ~ ,  decerebrate rigidity, in which an incma,~ fn the tone of  the extemots with s tmul~-  
~eo~ inhibition of the ~ of the flexor musclct it characteristic, tndicate~ that reciprocal rehtioc~ exist be-  
tween the nerve ceme~ ~ antago~dsttc muscles. According to contemporary theory, deCerebrate rigidity it the 
result of  a change in t ~  ~3c t io~ l  state of the motor nuclei of  the medulla oblongata (Dette, tt" tmcle/~md w -  
t/cuL~te substance), ~ occurs m a ~3mequence of the elimination of  the inflnences of  t~m h i g h ~  a re~  of  
the brain, especLaIly of  ~ md nucleus. The data of  a number of amho~ allow the suppmltaon that the fane~oa 
of  these structures, w~c~ ~ closely involved in the regulation o f  the to~e of  skeletal mmclet ,  arising a h e a ~  
in the intrauterine period, becomes apparent from the Vxrst d a ~  after birth [14, 12, 5]. Other authc~ con]d l ~ k  
discover a s~able ~ t e  rigidity during the tint dayt of pmmatal  life [13, 1]. 

Data mgard i~  f~e com~e of rec/~.-oc~d reflex reactions of  antagoc~tic mmcT~ and of  ~cerebra te  d~tdity 
in ~ewbom Hr~era are p ~ e m e d  in ~ communication. 

E X P E R I M E N T A L  METHODS 

The e ~ i m e a t z  -~_~e ~ t  up using 23 kittcm ranging in age horn several h o ~  to 16 days, intact c~ de.- 
ccre.br~,e. The kitmm ~,,~.~Te placed in a hand which was padded with cotton aud were fa~te.ned with gauze bands. 
The ca~t ld  ~ r i e s  we.~: tied and trachcotomy performed before de.ccrebraticn. ~ ~ t e r y  of  the sagi t t~  
sin~ and p ~  on th~ ~'terics prevented bleeding. After opening the cranlnm widely tmde~ deep ether anew- 
thesia, the cerebral he.~.~>heres wc~ removed and the mldbrain cut.  The planes of  the cu~ usually passed: 
d o z i l y ,  along the ~ of  the su~r im colticuU or between the coll~cali, ventrally, clc~; to the auterhx bo /d~  
o. ~ the pore (Fi~. I .  C) .  T'~e prcparatiom were warmed after de~:erebration. In orde~ to observe the changes la 
~ e  to~e of  the ex~,r,  ce~ we f~rened the femu~ of  the prepara~iom, which were h ld  on theft backs. In a ~,ert/cal 
pc~ition (ruing small u:zc~et which were screwed h~to the epiphyses of these bon~ o~ long needles which 
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p~s~cd thro~h the distal eptphy~ of both fcmun and fa~tencd in : l a n ~ .  Fig. 1. P). In ~ wb~a i~.e e.xtcmm8 
lacked tone the fo~efcct pa~dvely hung ~own, ff ton~ was p ~ : n t .  ~hey took a pmlUon midway b e t ~ a  

FInctna~/om in dw electrical potemiah of the e x ~ e ~ n  ~ T~xo~ of th~ knee Joint were reg[~w..-ed by 
meam of a two-chapel  calorie cscllIo~raph. The e l e ~  ~r..-re needle-like, the dL~anc~ betwe~e~ ~ e ~ ,  
approximately $ ram. Dcfer~ve reflexes of the hind limbs were ~roduced by mechan/c~l a~/n, datlca c~the slda 
ou ~ soles of the feet. 

Fig, 1. Dece~brate rigidity in the newborn ~ Prep*ration ofthe kinen c8 
the 3rd day after bird~ Weight 134 g. 
A) 50 minutes after decerebration: the ~ m a ~  ~z kept oa i~ back by the right 
hind I/rob, the head thrown back, th~ lirob~ e x ~ d e d ;  B) 6 hou~ afu~ d e c e m ~  
tic~: the femu~ ofthe animab fastened in a vertical pmition, the front aml hind 
ILmb~ extended; C) ventral mtface of the brai~ �9 this animal; c )  locatic~ of din 
cut (ante~ bou~lary of the po~ va~oliO; ~ sm:hce of the c ~ .  

EXPERIMJ~NTAL ~-ESULTg 

~..~.~rocal innervation in newborn kittem. OQ r e g i s t e ~  ~ elecutcal ac~viry of  a n t a g ~  mmcks 
tn H ~ , m  with an intact central nervom system during the f i ~  ~ays afterbirth, weak n ~ c l e  tom:, ~ l l y  dmni- 
hated by the flexor, b found. We led off differences in-potenr~ah with an a m p U u ~  d 20=80/Iv feom dm~ 
musc~cs, The form of some of them was monophaslc. Typic~L~ local reflex reactiom, e x p ~  ~ JT~xic~ of dB 
paw, were produced by weak tactile sthmulatlon of the skin c~ zlhe sole of the foot. An elecuomyog~m from 
experiment c~ a kitten a few houri aher birth is shown in Flg,,~. A. An increase in the electrical a~ivity of 
~ x o n  (f~exloa reflex) occurred in respo.--'e ~o the slightest tackle stimulation. If the same ~hnuI~  vas applied 
to the opposite paw. ~he difference~ in the potentiab of the ~ weze decreased. The.--. wc~]d be ~ c h a n g ~  
in the electromyogram of the extensors ot a slight increase In ~ e  variatiom of the p o t e ~ b  ( c r~e~  extemioa 

�9 relax), On Increasing the stimulus we observed more comp~.~ reflex react/ore. Typ~al tecol~g ~ ~OWl~ i t  
Fig. 2, So In the fir~ moment ~f~er the initiation of the stimulus, irregular variatiom we.-e ob~e~ed in the 
tentla~ of both muscle F~ou[n. Vhua~ly. the f~ont pare we~ ,~b~rved to quiver at this moment. This period d 
the reflex ~ould be ~egarded as the result of the diffuse i r rad~ioa of the ~ttmulns, cha:actexl~tJc of  fl~e e~l~ 
~age~ of o~csenesis. Then the action potentiah of the fle~.~ took on a mo~ regular nature ~i ~ct~ed hi 
amplltu~e, while a decrease in the fluctuatiom of the po~n~ of the extensors began slmuha~mly. La~ 
~e e~.ctrtcal act/vity of the exlemo~ increased, while the ~ . ~ a t i o n  of the potentials of the I :k-~ ~ p ' ~  



d w ~  away to ~ h i ~ . .  Lxtcmio~ of fl~e limbs c ~ r  to ~ last pczrticm of d ~  cu~rves. D m r ~  the sam8 
~ n ~ e  O~ ~l l rmbt io~ of ' , ~  opi'~slle paw. l r h ~ t ~ r "  of I~- ~ c n t l a ~  o~ E~I~ grot~ of I ~ 1 1 ~  waS o~9e4'vt~ 
a l ~  w~h an obvious ~rcdom|nance of the ex~-~m~ 

I~ r wbcn t ~  was background e~cclrk:a! a c t i v ~  m d~e extcmocs as ~c11. It was cas~ to ~ 8 
t y p l c ~  ~ci~rocal  ~ | a t h ~ ' z i p  bctwcen the l~acti<s~ ef  b<s~ grrml:~ o[  .~..a, gordstlc muscks ~ the ~ d '  
s~: s~t.~m was ad~ ( ~g. ~.  C).  

Fig. 2. ,~fl~xcs of antagoninic ~ of~be hind ~mbs o f  newborn k iuem during 
c~anec~a~ ~imuladoo. 
A) l~t~:~c~ during very mild tac-ff~ ~-dn'~!~aioa of the gdn of ~e l~ft (a) ;~nd righx 
(b) so]~ ~ a kitten with an [nt~'.~ c~m~ral ~rvcxas s)~em several hou~ afoot birth; 
B) the sam~ during" s~onger ~im~!~_~oo~ C ) r ~ f ~ s  du~-~g ta~ t i~  stimulat~o~ of t ~  
l eh  s ~  *c~ a kitten with an inta~-t ~_.u~ral ~ rvous  sFst~m the day ah~r birth; D) ~r 
flexe~ ~ n g  weak pinching of th~ ~ h  (a} and right (b) sok:s o l  a k ~ e ~  d ~ . e ~ b c a ~  
s~veral ~ ah~r birth. 
Curws (,..~ to bottom): e~cctrom~:~rarrs o f  ~- .  T~h q~ -~ r i ce~  femora, e ~ x o c ~ -  
grarra af~ ~he fl~xon of ~ kw. , e jo~  of the ]eft l im lx .  
Cah~ra~:~ is 50 pv of the effec~,~ v o ~ e  of an aP~ma~e sinusoidal c~urre~ 
StimuLi .Sndicated by the light ~ ~belo~ ca by an arrow. Film spe~l I c i ~ ' w . .  

S~milaro but eve~ :more distinct, rc t~x  inw..~hffoc:s were o b t a i r ~  with d c ~ r a l ~  prepa ra t io s  o f  ~ w -  
born ki~e~-a, if  Ihcy were: in gcx~cl functional ( :o [K~oa  ( ~  below). We show the curves � 9  with a ]d t l~ l  
sevezal hou~s a f t ~  b i z ~  ~.'Fig. 2. D). l~ythmic m ~ o m  of  ;he limbs o f  a "Walking" type.  which c o u ~  a ~ e  
oat addidoaal s r i m u ~  ar~ which so~etim~ ~ o,1~r 10 minmek. ~ . x ~ - ~ e d  rcpeau~dIy in the 
brain ~ a r a t i o m .  

in w.4>om~ ~ skin s d m . l i ,  as well as ~ . r ing  ~song s ~ c ~ - - o m  movcme~=. ~,-imuhaneom c o m r a c t k ~  
of ~ a~m.agouistic m ~ , ~ s  of ~he newborn k i ~  wcu~  occur.  ~ t e d  comrac'Ums of  ~ musck~s d a 
s T ~ r ~  t j i ~ .  as ~ as of ~ amtagonistic ty~.~, coaM be: ob~rved among dec~rebra~ kit~_m at  various s ~ ;  
of ~ e . . ~ : ~  ~ a ~ e  preparation using r sam,r ~imu'llo I~ is known that s i m u h ~  con_~_a~l:~n of  
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aat~cm~clcs ts observed at �9 tegutat occatrencc in aduh decerebrate �9149 at well [4, 8. ~0]. 

~ m l y ,  die ta:rve ccnten of newborn, ktttcm are able to bring abo~t reciprocal ~fk.x  reactlam d 
antagcc~.3c muscles of d~e type of a flexion re lax ,  of  a crmscd exteminn reflex, and of a rhythmic reflex 
~ e  waF~L~g t y ~ .  The ner:e ceut~n of ~wb<xn klttem diffeg from adult anh~ak In thclr gmatez ~ 
towed jrr,dlat[on of excitation, lesaet speed a~d clarity of  the otganlzation of ~ tecii~rncal ~latlomt. 

O~ ~cercbrare  Hgidity in newborn k i 1 ~ .  Almmt 4I! lira authorJ who e~nerimemed oa dcce~rebrate pt~ F- 
a r a t i ~  ~ adult animab poin3ed oat the dtve~I~y of their condition and the irregularity With which det-_~erebtam 
rigidity a ~ a r e d .  This pertains to newborn or to a eomiderably greater 

$<~3r tlrr~ after decerebradon (frc~ 2 to 30 minutea), reflex excitability, defemlve and knee refle3ms 
wc~ld a ? ~ a r ,  U~ually shortly after dccerebrattcqa, the p~-tensor tone was not dominant; more or.on I~e flexor ton ,  
was ~tr~e~r.  However, in I0-40 minutes, as a tale. tonic contraction of the extensor muscle: appeared and lit- 
creased L~ ~t~ngth. The head wcadd be thrown back, the from and then the hind limbt would be extended (Fig. 
1o A). D ~ g  the p ~ l v e  fle~on of the head and limbs, the resistance of the t o e ,  acted extensor ma:scle: could 
be felt. A kitten which was plac~d on its feet and lightly kept from falling ~ i~ side by homing iu; n~e  
tail cou3~ keep its body above ~hc surface of ~ e  support for some time (up to 30 seconds). The to~'. of  the ex-  
t~mot ~:~cles  was co~iderably more appzreat in the foreliml~ than in the hiad.  

H ~ e v e r ,  the period during which the ex~mor  tone increased usually was replaced after a few minntes t ,y 
a prexlc~L~mce of the f~xo~ tooe or by complete slackne~ of the skeletal muscles. Often this was accompanied 
by a d e b a s e  in the excitability of the a n i m a ~  reflexes and by less of  the ability to give coordinated reflex 
sp<mse:. In ord~ to evoke a reflex in these e.2s~, a strong pinch of the limb was required, when b~gef je.dty 
q u i v e r ~  of  the entire musculau3re would oCC~o After some ~ the co~xlition couM improve,as judged b~ 
th~ apFe-~rance of muscle t c ~  and coordinated reflex w_spomes. In some c~*-~ (10 preparadom) ~eapiratioa was 
d i s r ~  d~h~g one of the pedo~ of muscle atouy, infreq~cut spasmodic ~ x i o n s  with long pauses wonld ai~ 
pear. A~.er some time, w.spiration wonld ~ aad the kittea wonld die. 

I~ other experiments, stable ~c.erebrace rigidity would develop after the initial period of u~; tabk funr 
~onal c~aditiou, 30 minutes to 3 hour; after decerebration (9 preparatiom~. R would be p~eserve.d,, ahho~gh w l ~  
inte.m~dom, for a long time (sometime: over 9 houa).  The state of d~erebrate  rigidity was characterl~.~i by  
the foI3~wing signs. The ex tem~ musole: we.~ in a state of  tonic eontracdoe.  The forefeet of  the. preparatiom 
were kei>t at an angle of 60-120" to the femuct which were fastened in a vert/cal position (see F/g. 1 ;B) .  11~ 
tone of  r23r occipital muscles was stronger. Comtant flnc~ations in the potemial differences of t~e  eaxem~ 
musc l e ,  typical of decercbrate rigidity, we ~  found with the help of  a c a t h o ~  o~cillngraph. Cot~pooding  sample 
e lec~c~yugrarm are shown in Fig. 3, A and B. Freqaemly in the initial stages of  the experiment, f lnctat io~ 
of the ~L~f~r~rtce~ In potemial of the flexors a~l ex~emont both would be regi~ered. Later, after u'.veml h o m ~  
d i ~  in potential could be  found only among the ex~e~asor muscles. Weak stimulatioe of  the. m u s i c ,  chest .  
a b d ~ r ~ o  taps co the stand, a l~mate  flexic~ and extension of  the hind limbs at the knee produced an i n c o m e  
ia the e~en~o~ tone and inCre&sed the flucU1a~ioQ of the differences in the potcnti21s of these mu~=les (Fig. 3.  C). 
This ~ l d  be regarded as a sign o f t h e  dominant state of  the extensor nerve cemen ,  typical of  &merchrate rigidity. 
R is _nec~__ssary to observe that decereb~ate ~ i g i ~  c ~ l d  we.a.~en or disappear temporarily in the ~ m  gnx~  o f  
p r e ~ o m .  Howcver. i3 would always r e a m  spontaneously o~ after additional ~x/mulatio~. 

T h e ,  afte~ section of the midbrain of  kir~em ranging la age from sev~,~dhou~ to 16 days of  posmatal l ife.  
the ~ r  of decerebrate figidlty was cSservcd for a long time in approximately half  of the cases. The ~ "  
peara~c~ of  dccet~brate rigidity~as also ct~e.rved among the remaining preparations, but only for a short t lm~-  
Stable ~gidity omld be ovserved ouly among those preparadom co which ~ deccrebratlo~ opera~tton was pet~ 
formed fauhle.~ly (Without hemorrhage, with minimal cerebral uauma,  etc.) .  Additional uanma of  the prepar~  
tlon ( ~  ~ t a n c e ,  cuts in the skin), as well a~ cooling o~ overheating, easily ]cd to deterioration of  the functional 
e o ~ _ . ~ l  and tO the disappearance of  the rigidity. 

E~r experin~n~ show that the ccat~a.1 ~ r v o ~  s~'~em of kittens daring ~ e  fin~ ~a~  o f p o t ~ t a l  life de-  
velops ~fficie~tly to respond to external stin3ulation by reciprocal reflex ~eactiom of th~ skeletal muscles. They 
coudr2~ 1he idea.that animals of this age ~ capable ofelemeutary reflex acts: defensive ~eflexes (flexloa and 
crosse~ extension), the simpler loc~rnoLioa ~ml after-discharge, connected with Ihe cenual  m e d t a n i s ~  of  ~ae 
mede~a obtongata and midbrain. At the s a ~ e  time it  h neee~at 7 to note ~ e  Incomplete coor~iaatio~ o[  
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l:ig. 3. Tonic potential fl~c~uatic~ of  the extemom a . ~  f]exo~ of  ehe lc~eJofm 
ahe~ decerebratica. " 
A) Preparation of a k iuen sevemlhou~  after b ~  a) ~ hour ahe r  d e c e ~ b r a ~ o ~  
b) ahcr 1~ hours, c) aher 2~  hours; B) prepara~oa of a k i~en  I day a f l ~  ~ 
a) 1 hour after decerebratioa, b) after 2~ z hou,~; C) die  same j~repar~io~ :1~. 
creased f~cma~ion of the extensor potentials daring wea~ t ac t i l e  st imulatlr  of  
the abdominal skin. 
The same curves and cah'bratic~ as in Flg.  2 .  

coa~act:[oo= of the skeletal  muscles, evinced as the ease of  omel  o f d ~  Irradiatio~ of  exc l ta t ioa  in 
son with the adult animals, as well as d~e relative inconstancy of ~ e  deve |opement  o f  deoei~brate r igidi ty I I  
newborn ~nfma~. Apparently. the var ia t io~ in the phenomena c ~ r v e d  a h ~  dccerebra~)a  a t  this age shoaJid 
be comidet~d a sign of the low functional nabi l iv]  of the corvespondi~ ~ . rve  c e n t e ~  

A consideaable degree of differentiation of the functional properties of  their nerve e'.lements is �9 c o o d i d ~  
requisite f ~  reciprocal relations between ~ c e n ~  The facts which ~r obtained do nm: cc~-~espood to L A.  
Anhavksy's and h~t collabomto,~* ideas regarding the functional state of  the motor apparat,,s o f  newborn a n i m a ~  
Apparently. dm method, they used to study the state of the reflex an:s at  ear ly stages o[ o , ~ o g e n c ~  ~ not 
exact  enough to show the d ~ a m i c s  of the functicaa~! diffcrcntlalion oi r the elements  o f  the: centra l  necvom ~p~em~ 
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