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Sleeping puppies in the ear ly  stages of postnatal development show: 1) f ibr i l la ry  motor  
activity of the skeletal muscles  (FMA), 2) jerky (JMA), and 3) pro t rac ted  motor  activity 
(PMA)o FMA, JMA, and PMA occur  more frequently in the ear ly  stages of postnatal 
development than in puppies at intermediate ages in which motor  r e s t  is recorded  for 
most  of the time during sleep. In adult dogs they are  recorded  only episodically.  The 
appearance of FMA, JMA, and PMA is evidently connected with the duration of the expi ra-  
tory pause and the creation of a t empora ry  state of hypoxemiao With a slight increase in 
the duration of the expira tory pause, FMA ar ises ,  and a maximal increase  produces PMA. 

During ear ly  postnatal development the skeletal muscles  pe r fo rm constant thermoregula tory  tonic 
activity if the external environmental temperature  is below the indifferent zone. After the formation of 
antigravity responses  and, in par t icular ,  af ter  standing the tonic activity of the skeletal muscles  is t r ans -  
formed into the fast  tetanic type essential  for locomotion [1-5, 7-11]o In mammalian  fetuses and in the 
ear ly  postnatal period motor  activity of the jerky (JMA) type, charac te r ized  by a fast, jerky motor  
response,  takes place during sleep. 

Besides activity of the JMA type, sleeping dogs in the ear ly  postnatal period also show two other 
forms of motor  activity, which will be analyzed in this paper .  

E X P E B I M E N T A L  M E T H O D  

The experimental  animals were 18 physiologically mature puppies aged f rom 1 to 16-18 days (i~ e . ,  
before the ability to stand on all four limbs), 15 puppies aged f rom 16-18 days to 21/z-3 months ( i .e . ,  be-  
fore the final establ ishment  and stabilization of locomotion), and in five fully grown dogs. The puppies 
were taken f rom the mother  af ter  feeding and placed in a cotton wool "nest" .  When they had been in the 
"nest" for 5-10 rain their temperature  was close to the indifferent zone within which puppies sleep. Motor 
activity was observed and recorded  for 2 h. The month-old puppies and adult dogs were adapted to the en-  
vironment  in the evening (from 7-9 p. m.)  af ter  five or six visits  to the laboratory~ After a pre l iminary  
walk and meal the dogs fell asleep on a soft surface at room temperature  without the formation of a special 
"nest".  Motor activity was recorded  between 20-30 min and 2 h later  depending on the duration of sleep in 
the period of observation.  The e l ec t romyogram (EMG) was recorded on a Disa myograph f rom the cervical  
and spinal muscles  and the extensors  of the hind limbs by means of monopolar needle e lect rodes .  As a 
resul t  of analysis  of at least  70 EMGs the distribution of the degree of part icipation of the various muscle 
groups in corresponding forms of motor  activity was obtained. The frequency of participation was expressed 
in percent .  In another ser ies  of experiments  using a Kaiser  e lectroencephalograph the EEG activity in the 
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Fig. 1o EEG, EMG, ECG, and respi ra t ion of a puppy of the f i rs t  age 
group during FMA (A), JMA (B), and PMA (C): 1) EEG (frontal leads);  
2) EEG (parietal leads);  3) EMGof  cervical  musc les ;  4) EMGof  ex-  
tensor  muscles  of hind l imbs;  5) ECG; 6) respi ra t ion;  7) time marker  
I see. 

frontal  and parietal  leads, EMG activity (channel 2), and ECG activity in standard lead II were assessed .  
Respirat ion was recorded  by means of a type RPP-1  rheopneumographic t ransducer  [6]~ Altogether 760 
records  of motor  activity were analyzed. 

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

Analysis showed that puppies in the ear ly  postnatal period sleeping after  feeding exhibit three fo rms  
of natural motor  responses :  superficial  f ibr i l lary  twitching of the skeletal muscle,  descr ibed as f ibr i l lary  
motor  activi ty (FMA ; Fig. la) ; je rky motor  activity (JMA ; Fig. lb); and prolonged motor  activity (PMA ; 
Fig. lc) .  FMA occur red  as fast  superficial  twitches in individual regions of the skeletal muscles :  the 
facial part  of the head and the muscles  of the trunk and limbs, The FMA is reflected electrophysiological ly 
in Fig~ la  as consecutive action potentials in the cervical  muscles ,  200-300 pV in amplitude, with in ter -  
vals ranging f rom 30-40 msec  to lo 5 sec.  Each period of FMA lasted f rom between 300-400 msec and 5-6 
sec.  FMA took place mainly in single groups of muscles  and much less frequently in all the muscles .  The 
frequency with which par t icular  forms of motor  activity were found in the various skeletal muscle groups 
is shown in Fig~ 2. Belo W the age of 16-18 days (group 1) FMA was recorded  7-10 t imes per  minute. 

It is c lear  f rom Figs.  1 and 2 that the forms of motor  activity descr ibed above appeared either only 
locally, in single muscle groups, or  as a general ized motor  response .  The last type, when all muscle 
groups recorded in the experiments  were involved in the response,  was seen most  frequently during PMA 
(Figo 2c). PMA accounted for 50% of all the other forms of motor  activity~ The generalized .TMA type of 
response was much less frequent (24%; Fig. 2b)o Rares t  of all (17.1%) was the generalized type of FMA 
(Fig. 2a). During FMA (Fig~ 2a), EMG activity of single muscle groups was most  frequent: of the cervical  
muscles  in 26.1%, extensors  of the hind limbs in 26.1%, of the spinal muscles  in 2.3%, of the cervical  and 
spinal muscles  in 5.6%, and of the cervical  muscles  and extensors  of the hind limbs in 17o1%o PMA could 
be accompanied by JMA, which ei ther  preceded it or followed it (Fig. 2). There was no change in the EEG 
activity during FMA (Fig. la).  During JMA (Fig. lb) paroxysmal  activity occur red  in the frontal and 
parietal  leads of the EEGo The greates t  in~.ensification of the EEG took place during PMA, beginning with 
paroxysmal  activity, as occur red  during JMA~ PMA appeared only if the expira tory  pause was long (Fig. 
le),  while JMA (Fig. lb) was associa ted  with a shor te r  expira tory  pause~ FMA (Fig. la) corresponded to 
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Fig. 2. Graph of dis t r ibut ion of par t ic ipat ion 
of musc le  groups in FMA (A), JMA (B), and 
PMA (C)" N) cerv ica l  m u s c l e s ;  S) spinal 
m u s c l e s ;  E) ex tensors  of hind l imbs ;  NS) 
s imul taneous par t ic ipat ion  of cerv ica l  and 
spinal musc les  in ac t iv i ty ;  NE) s imul taneous 
par t ic ipat ion of ce rv ica l  musc les  and ex tensors  
of hind l imbs  in ac t iv i ty ;  NSE) s imul taneous 
par t ic ipat ion  of ce rv ica l  and spinal musc l e s  and 
ex tensors  of hind l imbs  in act ivi ty ;  j (NSE) 
var ian t  in which PMA preceded  by JMA ; (NSE)j 
var ian t  in which PMA p r e c e d e s  JMA. 

the shor t e s t  durat ion of the exp i r a to ry  pause .  The occurence  of FMA, PMA, and JMA was thus re la ted  
to the duration of the exp i ra to ry  pause dur ing sleep~ An inc rease  in its durat ion led to the fo rmat ion  of a 
t e m p o r a r y  s tate  of hypoxemia,  and to s t imulat ion of the carot id  sinus and ca rd io -ao r t i c  chemorecep to r s ,  
as  a r e su l t  of which these f o r m s  of motor  act ivi ty  took place by a re f lex  mechan i sm through the c o r -  
responding nuclei in the b ra in  s t em.  

At ages  between 16-18 days and 2 .5-3  months (group 2), in connection with the t r ans fo rma t ion  of the 
slow type of act iv i ty  into fas t  tetanic act ivi ty,  all the types of motor  act ivi ty  mentioned above were  found 
l e s s  f requent ly .  Fo r  instance,  at this age FMA was found once in 3-5 min.  In adult dogs, FMA, JMA, 
and PMA occur  only episodical ly  or  not at al l .  These t r ans fo rma t ions  a r e  connected with matura t ion  of the 
inhibi tory neurons  and synapses  in the cent ra l  nervous  sy s t em during postnatal  development  [4, 5, 9]. 

L I T E R A T U R E  C I T E D  

1~ T . A .  Adzhimolaev,  Physiological  C ha rac t e r i s t i c s  of the Format ion  and T rans fo rma t ion  of Activi ty 
of the Neuromuscu la r  System during Postnatal  Development  in Mammal s .  Author ' s  Abs t rac t  of 
Candica te ' s  Disser ta t ion ,  Moscow (1963)o 

2. T . A .  Adzhimolaev and V. D. Rozanova, in: The Nervous System [in Russian],  No. 4, Leningrad 
(1963), p. 33. 

3o I . A .  Arshavski i ,  Physiology of the Circulat ion in the In t rauter ine  Per iod  [in Russian],  Moscow {1960)o 
4. Io A. Arshavski i ,  in: Mechanisms of the Dominant [in Russian],  Leningrad (1967), p. 64. 
5. I . A .  Arshavski i ,  in" Integrat ive Activity of the Nervous System Under Normal  and Pathological  

Conditions [in Russian],  Moscow (1968), po 154. 
6. L . S .  Dombrovski i  and Vo V. Rozenblat ,  in" Proceedings  of the Third All-Union Symposium on 

Bad io te l eme t ry  and Physiology in Medicine [in Russian],  Sverdlovsk (1968), po 93. 

368 



7. S . I .  Enikeeva, Byull. t~ksperim. Biol. i Medo, 17, Noo 6, 33 (1944). 
8. V. P~ Praznikov, Fiziol. Zh. SSSR, No~ 7, 858 (1969). 
9o V . P .  Praznikov, Zh. ]~volyutso Biokhim. Fiziol. ,  No~ 1, 72 (1971)o 

10. V . D .  Rozanova, Outlines of Experimental Age Pharmacology [in Russian], Leningrad (1968). 
11. S .S .  Solomatin, Electrophysiological Characteristics of the Mammalian Neuromuscular Apparatus 

at Different Age Periods.  Author's Abstract of Candidate's Dissertation, Moscow (1968)o 
12. D. Barperoft and D. H. Bar ton ,  Ergebn. Physiol. ,  4_22, 107 (1939). 

369 


