
DEVEI=@PMENT OF NONSPECIFIC THALAMIC NUCLEI 

DERIVED FROM THE VENTRAL THALAMUS IN RABBITS 

T .  I .  B e l o v a  UDC 599.325.1-148.112:591.3 

The r e t i cu l a r  nucleus of the rabbi t  tha lamus  is a rch i tec tonica l ly  different ia ted in the 20-day fetus .  
Cytological  matura t ion  of the g r e a t e r  pa r t  of its cel ls  begins  l a t e r  than that  of the  cel ls  of o ther  nonspecffic 
nuclei and of the e a r l y - m a t u r i n g  speci f ic  nucleus,  the pos t e r io r  ven t ra l .  He te rochron i sm in matura t ion  of 
different  pa r t s  of the r e t i cu l a r  nucleus is assoc ia ted  with its functional he terogenei ty .  

$ * , 

The prob lem of c o r t i c a l - s u b c o r t i c a l  re la t ionships  is becoming increas ing ly  p res s ing  and is being 
tackled f r o m  dif ferent  points of view. The study of development  of c o r t i c o - s u b c o r t i c a l  re la t ionships  in 
ontogenesis  is of pa r t i cu l a r  in te res t ,  because  the ontogenetic approach  enables the functional re la t ionships  
between s t r u c t u r e s  to be  explained [4, 5]. tn 1962, M. ~ .  Kurepina [7, 8] published her  studies of human 
fe tuses  in which she examined the h is togenes is  o f  the tha lamic  nuclei .  She dis t inguishes  s eve ra l  g e n e r a -  
tions of ce l l s  which fo rm definite nuc lear  complexes  ef the tha lamus ,  d i f fer ing in shape,  cell  s ize ,  s tage 
of development ,  and function. 

In this paper  we desc r ibe  matura t ion  of nonspecific tha lamic  nuclei  different iat ing f rom the vent ra t  
pa r t  Of the tha lamus  - the r e t i cu l a r  nucleus and the nucleus reuniens .  Since the main d i f fe rences  in the 
tempo of development  of these  s t r u c t u r e s  a r e  observed in the ea r ly  s tages  of cytological  differentiat ion,  
we shall  concent ra te  our  attention on prena ta l  ontogenesis .  

E X P E R I i V / E N T A L  i ~ I E T H O D  A N D  R E S U L T S  

Ser ies  of brain  sec t ions  f rom rabbi t s  at different  s tages  of p r e -  and postnatal  life we re  studied using 
the methods of Niss l ,  Golgi and i ts  modif icat ion,  P e t e r s ,  Boeke-Bie l sehowsky ,  Zurabashvi l i ,  and also 
Chalk ley ' s  method for  ca lcula t ing the nucleoplasmic  rat io .  A m a j o r  pa r t  of the descr ip t ion of the ma te r i a i  
is devoted to p repa ra t ions  stained by N i s s i ' s  method, because  they were  most  demons t ra t ive  in e s t ab l i sh -  
ing the t ime  of appearance  of pa r t i cu l a r  s tages  of neuronal di f ferent ia t ion.  

The r e t i c u l a r  nucleus d i f ferent ia tes  in ea r ly  s tages  of development .  In the 20-d~,  embryo  it l ies 
like a shell  along the v e n t r o - l a t e r a l  b o r d e r  of the tha lamus ,  separa t ing  it f r om the internal capsule  and the 
hypothalamie and subthalamic  s t r ~ c t u r e s .  

In the 20-day fetus the cei ls  of the r e t i cu l a r  nucleus cons is t  of re la t ive ly  undifferentiated neuroblas ts :  
the nucleus is darkly  s ta ined,  the in t r anuc lea r  ch romat in  is d i s p e r s e d  into g ranules ,  and some of them lie 
n e a r  the nuc lear  m e m b r a n e  (Fig. 1). Very  little basophil ic  cy toPlasm is p re sen t ,  some t imes  forming a 
smal l  cone,  but  more  frequent ly  it cannot be identified. Cells  stained by Golgi ' s  method have the a p p e a r -  
anee  of b ipo la r  neurob las t s .  

In the 20-day fetus the r e t i cu l a r  nucleus is c~:ossed by the broad  g l i a l - cy top la smic  bands of the 
tha l amos t r i a t a l  bundle, joinihg the nuclei of the an tez ior  region of the tha lamus  with the subcor t iea l  s t r u c -  
tu res  and, in l a t e r  s t ages ,  with the ca r t ex  ~/tso. Sol i tary nerve  f ibe r s  a r e  found in the g l i a l - cy top lasmic  
bands.  Bes ides  those in the g l i a l - cy top la smic  bands,  other so l i t a ry  ne rve  f ibr i l s  a r e  occasional ly  found 
(not in eve ry  section) in the r e t i cu l a r  nucleus,  and a r e  evidently axons of the e a r l y - m a t u r i n g  ce l l s  of the 
bulbar  r e t i cu l a r  fo rmat ion .  
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Fig. 1. Development of ceils of the reticular nucleus of the 
rabbit thalamus. Horizontal rows represent different parts 
of the reticular nucleus: ret.) oral portion; ret. a) caudomediai 
portion; ret.b)caudolateral portion; vertical rows represent 
days of prenatal life. Stained by Nissl's methOd, cells drawn 
by means of an Abbe drawing apparatus at the same mag- 
nification. Ocular 20, objective ~0. 

In the 22-day fetus,  with the completion of p r imary  architectonic differentiation, the nucleus can 
now be  divided into an oral  par t  (ret.) and a caudal part ,  while in the lat ter  the medial (ret. a) and latera[ 
(ret. b) parts  can be distinguished [17]. The caudal par t  differs f rom the oral in the g rea t e r  maturi ty of 
its cei ls .  The number of mature  f ibri ts  in the gl ia l -cytoplasmic band of the re t icular  nucleus is only 
slightly g r e a t e r  than at the preceding stage.  

In the 25-day fetus, the above-mentioned parts  of the re t icular  nucleus are c lear ly  d~stingaishable by 
the degree of development of their  cei ls :  cells in the oral part  of the re t icular  nucleus (ret.) at this age 
are  least developed. In the most  lateral  corner  of ret.  b, in the region where this par t  joins the internal 
medullary lamina,  the most mature cells of the re t icular  nucleus are  found (bottom row in Fig.  1). A 
few separa te  t igroid granules can be seen in these cells in the 25-day rabbit fetus (ret. b ~ lat.). 

The same  heterochronism of development of cells in various parts  of the nucleus pers i s t s  also in 
the la ter  s tages  of prenatal ontogenesis.  

Since it is difficult by the use of morphological methods only to determine the prec ise  time of m a t u r a -  
tion of a neuron,  which was necessa ry  for comparison with physiological data, we used a quantitative method:  
calculation of the nucleoplasm[c ratio.  This ratio is known to be c o n s t ~ t  in mature neurons.  
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Fig. 2. Changes in nucleoplasmic ratio in cells of specific and 
nonspecific thalamie s t ruc tu res  of the rabbit during ontogene-  
s is .  Abscissa ,  age in days ;  ordinate,  nucleoplasmic rat io.  

It is c l ea r  from Fig.  2 that the wide d ispers ion  of the curves reflecting nacleoplasmic ra t ios  of cells  
in different par ts  of the ret icular  nucleus in 22-  and 25-day fetuses is replaced in the last prenatal  days by 
an ex t remely  close a r rangement .  By the end of the prenatal period all parts of the re t icu la r  nucleus a re  
approximately  equally developed as regards  the i r  nucleoplasmic index. As Fig.  I shows, development of 
neurons of the re t icular  nucleus continues even af ter  birth of the animal. Cells of the re t icular  nucleus 
mature  s imultaneously with ceils Of the other thalamic nuclei until the 2nd-Sth day of postnatal life. 

The nucleus reunions is archi tectonieal ly differentiated in the 22-day rabbit  fetus. Neurons of~this 
n~cleus have passed through the same stages of development as neurons of the re t icu la r  nucleus.  The be -  
ginning of the t ransi t ion period from neuroblast  to neuron is obse~'ed in the 26-day fetus. Just  like the 
re t icu lar  nucleus, the nucleus reuniens reaches  maturi ty in the f i rs t  days of postnatal life. 

The functional importance of the re t i cu la r  nucleus of the thalamus has not yet  been explained. 

On the basis of resul ts  obtained in many Lavestigations [-1-3, 6, 9, 12-15} demonstrat ing numerous  
eo~aectioms hetween the re t icular  nucleus, on the one hand, and nonspecifie s t ruc tu res  of the thalamus and 
the cor tex ,  on the other hand, several  authori t ies  regard the r e t i c e n t  nucleus as a col lec tor  of nonspecifie 
thalaraic f ibers  and the final stage of the eorticopetal nonspecific pathway [11, 13]. 
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According to Scheibet and Scheibel [16!, axons of ce l l s  of the r e t i cu l a r  nuclc,J.s b i furca te  and run only 
in the caudal  d i rec t ion:  toward specif ic  and nonspecilic s t r u c t u r e s  of the thalamt~s and mesencephalon  (of 
100 axons invest igated only 4 rata in an oral  direct ion,  and 3 of these  te rmina ted  in the basa l  ganglia) .  
These  w o r k e r s  accordingly  deny the role of the re t i cu la r  nucleus as a s tat ion on the pathway of non- 
specif ic  f i be r s  to the co r t ex ,  and they cons ider  that the r e t i c u l a r  nucIeus is reponsible  for  the r e v e r b e r a -  
tion of exci ta t ion in closed s y s t em s  of different l e a ~ h s , s o  that  it may  be a modula tor  of t h a l a m o - c o r t i c o -  
thalamic act ivi ty .  

The m a t e r i a l  at our  disposal  makes  us skept ica l  of the ca tegor ic  nature  of the conclusion drawn by 
these  w o r k e r s ,  because  we  found a x o n s o f  cel ls  of the r e t i c u l a r  nucleus running in a r o s t r a l  d i rect ion.  
Axons.running r o s t r a l l y  were  m o r e  commoniy  observed f r o m  cel l s  of the r e t i cu la r  nucleus located near  the 
an t e ro in fe r io r  thalamie peduncle.  We there fore  cons ider  tha t  Chow's  view [101, that the ce l l s  of the r e -  
t i cu la r  nucleus a r e  he t e rogeneous ,  s o m e  of them possibly sending t h e i r  axons cen t r ipe ta l ly ,  the others  
cent r i fuguaI ly ,  is m o r e  probable  than the hypothesis of Scheibel and ScheibeI.  

The r e su l t s  descr ibed  in this pape r  demons t ra te  ea r l y  fo rmat ion  of the re t i cu la r  nucleus of the 
tha lamus .  However ,  cytological  matura t ion  of mos t  ce i l s  of the r e t i cu l a r  nucleus b e g i n s l a t e r  than in tile 
ca se  of ce i l s  of o ther  nonspeeific nuclei ,  and of the e a r l y - m a t u r i n g  specif ic  nucieus,  the pos t e r io r  vent ra l  
A poss ib le  explanation of this fact  is that the re t icu lar  nucleus is a s t r u c t u r e  playing a . pa r t  in the act ivi ty 
of other  nonspeeif ic  thalamie nuclei and, consequently,  its development  follows that of the p a r a f a s c i c u l a r  
complex  and the an t e r i o r  in t r a l amina r  nuclei .  

H e t e r o c h r o n i s m  of matura t ion  of different  par ts  of the r e t i c u l a r  nucleus has been es tabl ished (the 
cauodola te ra l  division of the nucleus possess ing  the mos t  rapid r a t e  of growth),  and this is undoubtedly a s -  
socia ted  with functional he terogenei ty  of the nucleus. 
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