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A qualitative and quantitative analysis was made of changes in caudate nucleus neurons of new- 
born ra ts  and ra ts  aged 7, 14, and 30 days. An increase in complexity of structure of compo- 
nents of the nerve cell was found during early postnatal ontogeny. Maturation of neurons takes 
place most intensively during the f irs t  2 weeks of life and is virtually complete by the 30th day 
of the postnatal period. The resul ts  suggest that the caudate nucleus becomes "involved" in the 
integrative activity of the brain in this period of development. 
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Interest  in the study of the s tructure and function of the caudate nucleus, to which great importance is 
attached in the integrative activity of the brain, has increased in recent  years .  However, the principles gov- 
erning the structural and functional maturation of this important subcortical formation have received very 
little study. 

It was accordingly decided to study qualitative and quantitative changes in neurons of the caudate nucleus 
of ra ts  in early postnatal development. 

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

Young ra ts  immediately after  birth and at the ages of 7, 14, and 30 days were studied. The brain was 
t reated by Nissl ' s  method. The Klassimat electron-optical  system was used for quantitative analysis of matu- 
rat ion of the candate nucleus neurons: The area of cross  section of the cytoplasm, nucleus, and cell body of 
50 neurons was measured in each of 4 ra ts  of the 8 groups studied (16 animals altogether). Statistical analysis 
of the data was carr ied out by a program prepared in the Laboratory of Architectonics of the Brain, Brain 
Institute, Academy of Medical Sciences of the USSR. 

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

The matr ix  layer ,  consisting of immature cells, was clearly identifiable in the newborn ra ts  in the ventro- 
medial part  of the caudate nucleus. The res t  of the caudate nucleus consisted of dark small cells, lying close 
together.  The area of cross section of the cell body was small, on average 34.78 #2. Most of the cell body, 
moreover ,  was occupied by a large dark nucleus, the mean area of which was 32.33 # 2. It was surrounded by 
a r im of homogeneously stained cytoplasm, occupying 2.44 # 2 of the total area of the cell body. In the dark 
nucleus, 2 or 3 nueleoli could often be distinguished. Among the main mass of poorly differentiated cells there 
were solitary neurons with clearly defined proximal portions of the basal dendrites. 

On the 7th day of postnatal development the matr ix layer  was much smaller in size, on account of mi-  
gration and maturation of its neurons. The density of arrangement of the cells was reduced, the cell nuclei 
were paler,  and clumps of basophilic material  could be distinguished in the cytoplasm. The qualitative changes 
were accompanied by quantitative: The cellbody and nucleus were almost doubled in size, and the area of the 
cytoplasm was 4 t imes greater  than in the newborn ra ts  (Table 1). 

During the next week of life the matr ix layer  almost disappeared alongside the periventricular  zone. In 
this period of ontogeny neurons of the caudate nucleus grow and differentiate most intensively. The density of 
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TABLE 1. Mean Area  of C r o s s  Section of 
Nucleus ,  Cytoplasm,  and Body of Caudate 
Nucleus  Neurons  (in ~ 2) during Pos tna ta l  
Ontogeny of Ra ts  (M �9 m) 

Rats Nucleus Cytoplasm Cell body 

Newborn 
7 days old 
14 days old 
30 days old 

PI-2 
P~-3 
P3-~ 

32,33 +_0,54 
58,57 ~0,67 
64,32• 
64,58+1,09 

<0301 
<o,ool 
>0,05 

2,44 +.0,20 
8,24 • 

17,43+0,57 
15,57 +_.0,38 

~0,001 
~o,ool 
<o,ol 

34,78• 
66,98 0,67 
81,68+_l,13 
80,15-.I--1,28 

~o,oot 
~o,ool 
>025 

Fig .  1. S t ruc ture  of caudate nucleus neurons  in postnata l  ontogeny: a) newborn 
r a t s ;  b) r a t  aged 7 days,  c) 14 days,  d) 30 days.  N i s s l ' s  method,  900 x .  

a r r a n g e m e n t  of  the ce l l s  was cons iderab ly  reduced .  In shape they became  l e s s  un i form.  The  quantity of c lumps 
of basophfl ic  m a t e r i a l  in the cy top lasm inc reased .  A ccording to the quant i ta t ive m e a s u r e m e n t s  the ra t io  be -  
tween the  a r e a  of c r o s s  sec t ion  of the nucleus and cy top la sm inc reased  in favor  of the l a t t e r .  The  content of 
cy top la sm in the ce l l s  was m o r e  than twice that  at  the age of 7 days ,  but the i nc rea se  in s ize of the cell body 
and nucleus  was s m a l l e r  (Table 1). 

By the age of 30 days  di f ferent ia t ion of the neurons  was vi r tual ly  comple te .  The m a t r i x  l aye r  had d i s -  
appea red  and the in t r ace l lu la r  s t ruc tu re  of the neurons  had r eached  the definit ive s ta te .  The  a r e a s  of c r o s s  
sect ion of the cell  bodies  and nucle i  w e r e  a lmos t  unchanged and the cy top lasm was actual ly  a l i t t le  s m a l l e r  than 
in the r a t s  aged 14 days .  

I n t r a c e l l u l a r  d i f ferent ia t ion of caudate  nucleus neurons  thus t akes  p lace  m o s t  intensively in the f i r s t  2 
weeks  of l i fe .  

P r e v i o u s  inves t iga t ions  [4] showed that  caudate nucleus neurons  in newborn r a t s  have basa l  dendri t ic  
t runks  with rud imen t s  of secondary  b ranches .  Synapses a r e  p r e sen t  on the t runks  of l a rge  and m e d i u m - s i z e d  
dendr i tes  and contain few synaptic  ves ic l e s ,  evidence of the i m m a t u r i t y  of the synaptic  s t r uc tu r e s  in r a t s  of 
th is  age.  The s t ruc tura l  i m m a t u r i t y  of  the neurons  and of the in terneuronal  connections of the caudate nucleus 
in newborn an ima l s  c o r r e l a t e s  with the  functional i m m a t u r i t y  of the bra in ,  mani fes ted  as  the  inabili ty to f o r m  
conditioned r e f l e x e s  during the f i r s t  5 days  of l ife [2]. 
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During the f i r s t  week af ter  bir th a sharp increase  in the mean size of the cells  and of the i r  nucleus and 
cytoplasm is observed and is  a quantitative indicator of differentiation of the i r  in t race l lu la r  s t ruc ture .  In 
this  per iod of ontogeny the s t ruc tu re  of the dendri tes  becomes  m o re  complex and the number  of dendri t ic  
spines which can form synapses with the axon branches inc reases  [3]. Axo-somat ic  contacts can be detected 
for  the f i r s t  t ime e lec t ron-microscop ica l ly ,  although, like the axodendri t ic  synapses,  they still contain few 
synaptic ves ic les  [7, 4]. 

During the f i r s t  14 days of l i fe  the brain of young r a t s  grows intensively, so that by the age of 2 weeks 
it has increased  more  than 5 t imes  in weight [1, 10]. At this age differentiat ion and mi tos is  cease  in the ma-  
t r i x  l aye r  [6], and in the period between the 14th and 20th days af te r  bir th the caudate nucleus of r a t s  has its 
g rea tes t  cell population [8]. By the 14th day af te r  birth the s t ructura l  organizat ion of the caudate nucleus 
neurons  is basical ly  at the definitive stage.  The  quantity of cytoplasm in the cel ls  of the caudate nucleus is 
a lmost  doubled between the ages of 7 and 14 days.  The dendri tes  of the neurons a r e  covered by numerous  
spines,  many of which have a we l l -marked  pedicle and head [3], an indication of the functionally mature  state  
of the cell .  In the per iod f rom 13 to 17 days numerous  contacts a re  formed in the caudate nucleus between 
axon te rmina l s  and spines, and a spinous apparatus  is found in the la t te r  [7]. Meanwhile cor t i co-subcor t i ca l  
connections a r e  formed,  myel in  sheaths develop along the axons [10, 8], and cholinergic mediation appears  
[3]. Starting f rom the 17th-19th day of life, conditioned re f lexes  can be formed in r a t s  [2]. 

In animals aged 1 month, growth of the bra in  is prac t ica l ly  complete,  and it weighs about 91% of the 
weight of the adult r a t  brain [1]. Th is  ag rees  with quantitative data on re la t ive  stabil ization of the size of the 
caudate nucleus neurons in r a t s  aged 30 days. The quantitative dec rease  d iscovered  in the size of the cyto-  
p lasm in the caudate nucleus cells  at this age can evidently be connected with the continuing growth and my-  
elinization of the axons.  

According to the most  r ecen t  data [8], by the 30th day af ter  bir th the s t ruc ture  of the caudate nucleus 
neurons is indistinguishable, as r ega rd s  the morphology of the i r  p rocesses ,  f rom that  in the adult r a t .  How- 
ever ,  the s ta tement  that in the course  of postnatal ontogeny (from the 8th to the 30th day) the density of the 
neurons in the caudate nucleus inc reases  is not in agreement  with the r e su l t s  of the p resen t  investigation or  
with numerous  ontogenetic studies which have revea led  a dec rease  in the density of the cel ls  during postnatal 
ontogeny in severa l  par t s  of the brain,  mainly on account of an inc rease  in the number  and lengths of the den- 
d r i t e s  and in the complexity of ramificat ion of the dendri tes  and axons.  T h e r e  is  also evidence of a l inear  
re la t ionship  between the inc rease  in weight of the brain and the dec rease  in density of a r rangement  of the 
cor t ica l  neurons in a phylogenetic s e r i e s  of animals up to and including man [11]. 

Maturat ion of candate nucleus neurons ,  in accordance with morphological  and his tochemical  fea tu res  
[3, 9], by the age of 1 month suggests that the caudate nucleus becomes  involved in associat ion functions at this 
stage of postnatal  development.  
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