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Exper imen t s  involving in t r aee i lu la r  r eco rd ing- f rom lumbar  motoneurons  of kittens of d i f fe r -  
ent ages  (1-60 days) revea led  re t icu lospina l  and ves t ibutospinal  exc i ta to ry  (EPSP) and inhi- 
b i to ry  (IPSP) postsynapt ic  potent ia ls  even in an imals  only 1 day old. With increas ing  age,  
the latent  per iod of the monosynapt ic  type of EPSP shor tens  p rog re s s ive ly ,  coinciding with 
a rapid inc rease  in the conduction veloci ty  along the descending t rac t s .  

Bulbar centers exercise motor control mainly through vestibulospinal and retieulospinal projections 
running in the ventrolateral columns of the spinal cord and possessing a similar structural and functional 
organization [7,10-12]. The results of a study of motor responses of embryos and newborn animals [1,2,5], 
as well as data for the myelogenesis of descending fibers [8,15], indicate early maturation of the bulbo- 
spinal system controlling posture and locomotion. However, the synaptic mechanisms of suprasegmental 
influences on motoneurons have been studied only in adult animals. 

To ascertain the course of development of suprasegmental control in postnatal ontogenesis, the in- 
vestigation described below was carried out. Intracellular recording methods were used to study reticulo- 
spinal and vestibulospinal synaptic responses of lumbar motoneurons in kittens of different ages. 

EXPERIMENTAL METHOD 

Experiments were carried out on 40 kittens of three age groups: I0 days, 3-4 weeks, and 6-8 weeks. 
The animals were anesthetized with nembutal (30-40 mg/kg). 

Stimulation of the ipsilateral nucleus of Deiters and nuclei of the bulbar reticular formation was ear-- 
ried out through bipolar electrodes (interpolar distance 0.2-0.4 ram) with square pulses (0.1-0.5 msee, 0.I- 

2 mA). At the end of the experiment, the electrodes were used for electrolytic marking of the stimulated 
points. Particularly high thresholds of stimulation (1.0-0.35 mA) were observed in animals of the youngest 
age group. In experiments on kittens of the middle and older groups, the strength of the stimuli could be 
reduced to (L2-0.08 mA. 

Because of the absence of sufficiently well-established stereotaxic coordinates for kittens, it was im- 
possible to insert the electrodes accurately in all the experiments into structures giving rise to direct de- 
scending tracts (the lateral vestibular nucleus, the caudal reticular nucleus of the pons, the reticular gigan- 
tocellular nucleus, and the reticular ventral nucleus). However, as the results of the control histological 
examination showed (Fig. IA}, provided that stimulation was sufficiently strong, activation of the structures 
designated was reasonably certain. At the same time, because of the absence of special experiments on 
animals after preliminary destruction of the vestibular and reticular nuclei, and because of the small size 
of the brain and the considerable strength of stimulation used in some cases, it was not always possible to 
differentiate reliably between vestibulospinal and reticulospinal effects. 

Intraeellular recordings from motoneurons of the lumbar enlargement were made by means of glass 
microeleetrodes filled with 0.6 M KaSO 4 and having an initial impedance of 5-20 M~. The motoneurons 
were identified from responses to antidromic stimulation of the ventral roots of the spinal cord or to sti- 
mulation of nerves to muscles (the nerves to the gastrocnemius and soleus muscles and the common pero- 
neal nerve on both sides) through bipolar silver electrodes or pipets containing Ringer's solution into which 
the thin nerve branches were sucked. 
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Fig. 1. Localization of points of stimulation (A) and dorsal  surface 
potentials of spinal cord (B) in kittens of different ages.  A) 1-6): 
Sections th rough  pons and medulla in a ros t ro -cauda l  direction:  
squares  indicate experiments  on kittens aged 1-10 days, tr iangles 
on kittens aged 3-4 weeks,  and c i rc les  on kittens age d 6-8 weeks,  
R.p.c. caudal re t icu la r  nucleus of the pons, R.G.c. re t icu lar  gigan- 
tocel lular  nucleus, R.v. re t icu la r  ventral  nucleus,  VIII l lateral  ves -  
tibular nucleus, VIII sp. spinal vest ibular  nucleus, V nucleus of t r i -  
geminal  nerve ,  VII nucleus of facial  nerve;  B: 1) kitten aged 6 days, 
s t rength of st imulation 1.5 mA, distance between points of s t imula-  
tion and recording  11 cm, 2) kitten aged 24 days, s t rength of s t imu-  
lation 1 mA, distance 13.5 cm, 3) kitten aged 2 months,  s trength of 
st imulation 0.6 mA, distance 18.5 cm. Downward deflection of beam 
corresponds  to electroposi t ivi ty .  
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To record  the dorsal  surface potential 
(DSP) of the spinal cord a unipolar s i lver  ball 
e lectrode was used. The recording  began af ter  
immobil izat ion of the animals by injection of 
flaxedil or tubocurarine and their  t ransfer  to 
ar t i f ic ia l  respirat ion.  Motor responses  to s t i -  
mulation of bulbar s t ruc tures  were observed 
before curar izat ion.  

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

Fig. 2. His tograms of distribution of latent periods 
of EPSPs  (A) and IPSPs (B) of lumbar motoneurons 
f rom kittens of different ages in response to s t imula-  
tion of re t icu lar  formation.  I) Kittens aged 1-10 days, 
II) 3-4 weeks,  III) 6-8 weeks.  Absc issa ,  latent pe r -  
iods (in msee); ordinate,  number  of neurons.  

usually be distinguished, the f i r s t  of shor t  dura-  
tion (2.5-3, 1.5-2, and 0.6-0.8 msec  in kittens 

of the youngest,  middle, and oldest groups,  respect ively) ,  relat ively insensitive to asphyxia, and remaining 
unchanged during repeated stimulation. 

The DSP can thus be regarded  as an indication of a r r iva l  of a descending wave in the spinal cord 
along the t rac ts  of the ventrola tera l  column, and it can be used to measure  the velocity of conduction. 

Application of single st imuli  to bulbar 
s t ruc tures  evoked DSPs in the region of the 
lower lumbar segments of kittens of all age 
groups studied (Fig. 1B). Although the ampl i -  
tude of the DSPs was ~,ery smal l  (in the youngest  
group 10-12 #V), two positive waves could 
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Fig. 3. Vestibulospinal EPSPs of an extensor  
motoneuron of a kitten aged 10 days (A) and r e -  
ticulospinal IPSPs of a motoneuron of a kitten 
aged 1 day (B). Numbers in A denote s trength 
of st imulat ion (in mA), those in B denote f re -  
quency of st imulat ion (in Hz). 

The absolute latent period of the initial com- 
ponent of the lISP fell p rogress ive ly  with an increase  
in age of the animal,  and allowing for  lengthening of 
the descending pathways, this ref lects  a regular  in- 
c rease  in the conduction velocity (Table 1). The 
change in conduction velocity f rom 14-16 m / s e e  in 
kittens aged 1 week to 50-66 m / s e c  in kittens aged 
7-8 weeks confirms morphological  data [8,15] indi- 
eating rapid maturat ion of butbospinal axons, tt was 
noted that the velocity of conduction along the descend-  
ing bulbospinal t rac ts  at  all  age groups studied was 
somewhat g rea t e r  than the conduction velocity along 
per ipheral  afferent  fibers (Table 1), in agreement  with 
resul ts  obtained on adult animals 13,4,14,161~ 

Exci ta tory and inhibitory postsynaptic potentials 
(EPSPs and IPSPs) were recorded  in response to s t i -  
mulation of the re t icu lar  formation in kittens up to the 
age of 10 days in 26 motoneurons,  in ~he middle group 
in 29 motoneurons,  and in the older group in 26 moto-  
neurons.  Postsynaptie  responses  were  recorded  to 
st imulation of the vest ibular  group of nuclei in 5, 19, 
and 20 motoneurons in kittens of the youngest,  middle, 
and oldest groups,  respect ively.  

In all age periods an EPSP could be obtained in 
response  to single supraspinal  stimuli.  The amplitude 
of these responses  reached 2-7 inV. During repetit ive 
stimulation, the individual E PSPs usually merged into 
a continuous depolarization plateau with an amplitude 
of up to 12-13 inV. IPSPs appeared as a rule only in 
response  to repetit ive stimulation, and oniy occasion-  
ally in response  to single stimuli.  

The minimal  latent period of the ret icutospinaI 
EPSPs of the lumbar motoneuron felt f rom 6 msec  in the youngest  group to 3.8 msec  in the oldest (Fig. 2). 
This last value is very  close to the minimal  latent period of ret iculospinal  EPSPs in adult animals  [4,6]. 
Similar  resul ts  were obtained in exper iments  with vestibulospinal  activation of the motoneurons.  

For  the mos t  par t  DSPs and EPSPs  of motoneurons were recorded  in different experiments ,  thus 
complicating the prec ise  determinat ion of the number  of synaptie re lays  along the path to the tested ceils 
on the basis of the duration of segmental  delay. Never theless ,  compar ison of the latent periods of the DSPs 
and EPSPs  suggests  that even iax the youngest  group of kittens shor t - la tency  bulbospinal EPSPs  are mono- 
synaptic in nature.  Fur ther  evidence in support  of this view is their  rapid temporal  course  (phase of in- 
c rease  1.2-2.5 msec ,  time constant of decline 3-7 msec) and their  ability to reproduce high rhythms of st i-  
mulation without transformations: up to 1 0 0 / s e e  for kittens of the youngest  group and up to 200 / see  for ani-  
mals of the middle and oIdest groups.  

An increase  in the s trength of st imulation was accompanied by an increase  in the response ,  while 
somet imes  the increase  in anapiitude of the shor t - l a tency  EPSPs  was discrete  in charac te r  (Fig. 3A). In 
some motoneurons,  single st imuli  caused the generat ion of a discharge.  However, in this case the 

TABLE 1. Maximal Conduction Velocity Along Descending Trac t s  and Afferent  Nerves 
of Different A g e s  

Age of kittens (in days) 

i ,. 
Conduction velocity (in rn/sec) Nerve to gas t rocnemius  muscle  

and peroneal  nerve 
Bulbospinal t rac ts  

I 
6 I 9 9 24 

10 t 17 I7  21 
16 21 25 27 

in Kittens 

24 42 42 48 58 

25 31 40 34 l 42 
32 42 32 50 t 66 
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poss ib i l i ty  could not be ruled out that the cell  had been damaged by the mic roe l ec t rode ,  because  motoneurons  
in kit tens a r e  ve ry  smal l :  they do not exceed 20-25 /z in an imals  aged 2-8 days when measu red  in spec imens  
s ta ined with toluidine blue. 

In the an ima l s  of a l l  age groups studied, IPSPs were  r eco rded  in r esponse  to s t imulat ion of r e t i cu l a r  
and ves t ibu la r  s t r u c t u r e s .  Ret iculospinal  IPSPs  of a ki t ten aged 1 day a r e  i l lus t ra ted  in Fig. 3B. The min i -  
ma l  latent  per iod of the IPSPs was sl ightly longer than that of the EPSPs  (Fig. 2B). During repet i t ive  s t imu-  
lation of modera t e  f requency (up to 50- I00/sec)  reproduct ion of s epa ra t e  IPSPs to each  s t imulus  was s o m e -  
t imes  observed .  As a rule ,  however ,  the IPSPs  were  merged  into a continuous hyperpo la r i za t ion  plateau 
with an ampli tude of up to 12-14 inV. An inc rea se  in the f requency of s t imulat ion not only inc reased  the in-  
tensi ty  of hyperpo la r iza t ion ,  but a l so  quickened its development  (Fig. 3B). 

The resu l t s  thus demons t r a t e  that in ea r l y  postnata l  ontogenesis  of ki t tens,  the re t icu lospina l  and v e s -  
t ibulospinal  pro jec t ions ,  by means  of which exc i ta to ry  and inhibi tory synapt ic  influences a r e  exer ted  on the 
lumbar  motoneurons ,  a r e  a l r eady  functioning. This a g r e e s ,  on the one hand, with the resu l t s  of invest igat ion 
of segmenta l  exc i t a to ry  and inhibi tory synaptic  m e c h a n i s m s  of motoneurons ,  which a re  apparen t ly  fo rmed 
in the prena ta l  per iod [9], and on the other  hand, with morphologica l  findings indicating that d i rec t  re t i cu lo-  
motoneuronal  connections a r e  p r e s en t  in kit tens a t  the age of 20 days [13]. An essen t i a l  fea ture  dis t inguish-  
ing the postnatal  ma tu ra t ion  of the bulbospinal  connections is the p r o g r e s s i v e  i nc rea se  in conduction veloci ty  
along the descending t r ac t  and shor tening of the latent  per iod of synaptic  r e sponses .  
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