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The development of spontaneous motor activity was studied by a graphic recording method. 
The prolonged movements of embryos and newborn rats can be subdivided into progres- 
sively shorter complexes. An increase in amplitude of extensor movements of "jerky" 
type is achieved through superposition of several extensor movements into one. Prolonged 
lateral contractions of the trunk in the embryos have the character of tetanized tonus. The 
rhythmic phase of the scratch reflex is formed gradually and reaches the characteristic 
level of adult animals in rats aged 10 days. 

Spontaneous motor  activity appears  in ra ts  in the embryonic  period on the 16th-17th [18, 24, 25] or,  
according to some observations [26], on the 18th day. Initially the spontaneous movements of rat  fetuses 
are reflex responses .  In ra t s ,  as i n o t h e r m a m m a l s [ 3 ,  13, 19], motor  activity develops in a ser ies  of 
stages which are  determined by the morphological  and functional maturat ion of par t icular  zones of the 
central  nervous sys tem:  the stage of p r imary ,  local, isolated movements of the head and limbs, the stage 
of p r imary  general izat ion of ref lexes consist ing of fast extensor  movements  of the trunk, the stage of see- 
ondary general izat ion of ref lexes consist ing of general ized slow, tonic movements of the trunk, and the 
stage of special ized motor  ref lexes .  

By cont ras t  with ea r l i e r  investigations based on visual observations or photographic recording,  a 
graphic method [7] was used in this investigation, thereby considerably increas ing the scope of analysis 
of development of motor  activity in warmblooded animals o 

EXPERIMENTAL METHOD 

While the fetal movements were recorded the fetus remained connected with the mother, which was 
anesthetized with urethane (1.5 g/kg), through the umbilical cord. The fetuses were taken from the uterus 
one at a time and placed on a special platform immersed in physiological saline at 38~ Motor activity 
was recorded for 5 mino Movements of the hind limbs, head, and trunk of the fetuses were recorded from 
the 17th until the 21st day. In the postnatal period movements of the hind limbs only were recorded from 
the ist until the 20th day of life. The results described below were obtained by analysis of records of the 
movements of 30 fetuses and 117 young rats. 

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

The f i rs t  appearance of spontaneous motor  activity was observed in 17-day fetuses.  At this stage 
slow "swimming" movements  of the limbs, per formed without interruption for a long period (Fig. la),  and 
fast  extensor  movements  of the head, as a rule isolated, lasting about 265 msee (Fig. 2a, b) were recorded.  
Ear ly  local movements of the fetuses appear af ter  connections have become established between afferent  
and efferent neurons and ipsi lateral  unisegmental  a r c s  consist ing of three neurons constitute their mecha- 
nism [27, 28]. In some fetuses extensor  movements  of the head were accompanied by extensor  movement 
of the trunk, ref lect ing the gradual unification of the maturing loci into a central  nervous sys tem [2 ,4 ,  6,20]. 
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Fig. I. Spontaneous movements of hind limbs of rats in 
fetal and early postnatal periods. Fetal period" a) 17 
days, b) 18 days, c) 19 days, d) 20 days, e) newborn rats. 
Early postnatal period: fl 3 days, g) 9 days, h) 20 days. 
Time I0 sec. 

On the 18th day the protracted, tonic character of the movements became particularly pronounced~ 
Prolonged flexion of the trunk in the lateral direction, lasting from 15 to 60 sec, appeared. These move- 
ments were not single and continuous (Fig. 2e, fl, but consisted of superposed separate short movements, 
with the result that the movement itself became like tetanized tonus in character. Extensor movements 
of the body also had a tendency to change into more protracted movements through the fusion of two or 
more extensions~ Their duration was almost doubled (Fig. 2c). Movements of the limbs were retarded, 
but they were not yet continuous in character and they alternated with intervals of immobility, so that 
regularly repeated movement complexes were formed (Fig. ib). The general motor activity was increas- 
ing at this period. The appearance of prolonged tonic contractions of the fetal trunk was due to the inclu- 
sion of the medulla and midbrain together with, evidently, the thalamo-pallidary system, in combined ac- 
tivity with the spinal cord [5, ii, 14, 17]. Rapid extensor movements and slow tonic contractions of the 
fetuses, despite the absence of differentiation of the muscles into tetanic and tonic fibers at this period 
[21, 22], are evidence of the important role of the nervous system in the formation of muscular contraction 
at this stage. 

On the 19th-20th day the fetal motor activity was sharply reduced and only occasional single move- 
ments of the limbs (Fig. Ic,d) and head were observed. The extensor movements at this time again oe- 
curred at the same rate as on the 17th day, but the "superposed" form of these contractions was now pre- 
dominant and accounted for 81% of all extensor movements. Superposition of individual extensor move- 
ments into one was accompanied by an increase in amplitude of the contraction (Fig. 2d). 

After birth motor activity rose sharply, and was particularly high in the rats during the first two 
days (Fig. 3), after which it decreased. By contrast with the prolonged, slow movements of the 17-day 
fetuses there were clearly-defined phasic, mainly alternating, rhythmic movements (a rhythm of the ist 
order). The limb movements once again became almost continuous in character to form complexes 
lasting about 30 see, or a rhythm of the 2nd order [9] (Fig. le). The decrease in motor activity on the 
subsequent days was accompanied by shortening of the duration of the complexes and lengthening of the 
intervals of immobility (Fig. if, g, h). According to the literature, prolonged, continuous activity in 
newborn animals and infants is due to predominance of their thalamo-pallidary system and immaturity 
of their striatal and pyramidal systems. Maturation of the corpus striatum has an inhibitory effect on 
impulses arising from the globus pallidus, and this evidently results in the breaking up of the long com- 
plexes into shorter ones [ 15, 23]. A similar picture was observed previou sly when movements of chick embryos 
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Fig. 2. Fast extensor movements of "jerky" type in rat fetuses 
aged 17 (a, b), 18 (c), and 20 days (d) and prolonged lateralflexion 
movements of the trunk in animals aged 18 days (e, ft. Time 1 sec. 

Fig. 3. Duration of spontaneous motor activity of hind limbs of 
rats  in the ear ly  postnatal period= Ordinate,  duration of sponta- 
neous activity (in sec), movements recorded  for 5 mini absc issa ,  
age in days. 

[8] and young rabbits [10] were recorded~ On the 9th day of life the principal form of spontaneous motor ac- 
tivity consisted of short bursts of alternating movements. By the time that the animals had acquired sight 
(14th-15th days) the general motor activity of the young rats was considerably reduced (Fig. 3). 

Besides alternating movements, the development of a scratch reflex and its rhythmic stage was ob- 
served. The rhythm of the spontaneous scratching movements in day-old rats was 2.6 * 0.1/sec, in rats 
aged 5 days it was 4.3 $ 0.3/sec, and in rats aged I0 days, 6/sec, just as in adult rats [i, 12]. After the age 

of 9 days the number of spontaneous scratching movements was considerably reduced, while in rats aged 
20 days, which were able to see and to stand, there was now extremely little spontaneous motor activity, 
and the rats could remain for lengthy periods in a state of rest. 

According to Ukhtomskii [16] physiological rest provides a means for adequate response to changes 
in the external environment; it is a facility acquired during ontogeny and phylogeny and it is based on high 
lability of nervous structures [16]. 

It can be concluded from the results described above that in the early stage of development the pro- 
cesses taking place in the central nervous system have a well defined rhythmic character. Later the activ- 
ity of these rhythmic mechanisms diminishes and they are largely superseded by inborn or acquired motor 
activity of a nonrhythmic character. 
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