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The principles of morphogenesis  of Ammon ' s  horn of the neonatal ra t  hippocampus in tissue 
culture (area CA1_ z) were studied by l ight-optical  and e lec t ron-mic roscop ic  methods. Analy- 
sis of 5-, 12-, and 21-day cul tures revealed maturat ion of the hippocampal pyramidal  cells 
in vitro, the development of a prote in-synthes iz ing system,  and synaptogenesis.  The syn-  
chronous developmentof the  synaptie s t ruc tures ,  of the prote in-synthesiz ing sys tem of the cell, 
and of e lec t rogenes is  suggests  that these are interconnected factors.  
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It has been shown [2] and confirmed [1] that spontaneous unit activity is formed and maintained during 
tissue cultures of the r a t  hippocampus (area CA1- ~) during long periods in culture. These findings indicate that 
the central  neurons p rese rve  their basic functional proper t ies  in tissue culture. During an investigation of the 
formation of the bra in-speci f ic  protein spec t rum in vi tro the present  wr i t e r s  also found that it corresponds to 
the spec t rum :in vivo [ 3]. Evidence was thus apparently obtained of the "physiological" and "biochemical" 
differentiation of cent ra l  neurons in vitro. 

In the investigation descr ibed  below a l ight-optical  and e lec t ron-mic roscop ic  analysis was made of some 
morphological  features  of cell  differentiation of Ammon' s horn of the ra t  hippocampus (from newborn animals 
and in ear ly  postnatal development) in tissue culture.  

EXPERIMENTAL METHOD 

Explants of the hippocampus of noninbred ra t s  and Wistar ra t s  and their cultivation have already been 
descr ibed [2].  Cultures at different t imes were studied and photographed in phase contras t  and after intra- 
vital staining with methylene blue by Konovalov's  method. Fixed cultures were stained by the Nissl, Bodian, 
and Holmes--Wolf methods.  Material  for e lec t ron mic roscopy  was fixed for 24 h with 2% glutaraldehyde in 
0.1 M phosphate buffer, pH 7.3-7.4, and postfixed for 2 h with 1% OsO 4 with the addition of glucose (0.045 g/ml  
fixative). The; tissue was stained with uranyl  acetate and embedded in Araldite.  Sections were stained with 
lead ci t rate  by Reynolds '  method and studied in the JEM-100B microscope .  The tissue was studied after 5, 12, 
and 21 days in culture.  Brain sections from animals at the same ages and also taken f rom newborn ra ts  or 
young ra t s  aged 2-3 days served as the control.  

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

The peripheral zone of the explants after 1-3 days in culture usually consisted of growing and regenerat- 
ing processes of neurons and glial ceils. Processes of the gliocytes were distinguished by their higher refrac- 
tion of light and their lower degree of arborization. Active migration of fibroblast-like and glial cells (fibrous 
astrocytes), distinguishable from neurons by the eccentric position of the nucleus and the less marked granular 
pattern of the cytoplasm, into the peripheral zone was observed. Mature nerve cells usually did not migrate 
into the zone of growth. Because of the opacity of the explants at these times, they were studied in sections 
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- F i g .  1. P y r a m i d a l  n e u r o n  in A m m o n '  s ho rn  of h i p p o c a m p u s  of 3 - d a y - o l d  r a t .  
S c h e m e  on le f t .  O r i g i n a l  m a g n i f i c a t i o n  4000)<. 

s t a i n e d  by N i s s l '  s o r  Bodian '  s m e t h o d s .  In s e c t i o n s  th rough  e x p l a n t s  a t  l a t e r  s t a g e s  of c u l t u r e  (1-2 weeks )  
t h r e e  zones  cou ld  be d i s t i n g u i s h e d :  an u p p e r  zone 40 # th ick ,  f r ee  f r o m  c e l l s  and con t a in ing  n e u r o p i l ,  a m i d d l e  
zone 90 ~ thick,  i nc lud ing  the p r i n c i p a l  c e l l  c o n c e n t r a t i o n s ,  and f ina l ly ,  a deep  r e g i o n  of n e c r o s i s ,  40 ~ th ick .  
F r o m  the 12 th-18 th  d a y s  of c u l t u r e  an  " o r g a n o t y p i c a l "  p y r a m i d a l  l a y e r  c o n s i s t i n g  of d e n s e l y  p a c k e d  c e l l s  
15-22 # in d i a m e t e r ,  c h a r a c t e r i z e d  by a s l i g h t l y  e c c e n t r i c  p o s i t i o n  of the l a r g e ,  pa l e  nuc l eus ,  I or  2 nuc leo l i ,  
and a de f in i t e  o r i e n t a t i o n  of the axon,  cou ld  be i d e n t i f i e d  at  a dep th  of 60-80 ~ .  

At  the 3 rd  week  in t i s s u e  c u l t u r e  the e x p l a n t  was  s p r e a d  out, so  tha t  m a t u r e  n e u r o n s  wi th  a p e r p e n d i c u l a r  
c o n c e n t r i c  a r r a n g e m e n t  of the N i s s l r s  s u b s t a n c e ,  c h a r a c t e r i s t i c  of d i f f e r e n t i a t e d  c e l l s ,  cou ld  be o b s e r v e d .  

On e l e c t r o n - m i c r o s c o p i c  i n v e s t i g a t i o n  of the t i s s u e  of the r a t  h i p p o c a m p u s  in the e a r l y  p o s t n a t a l  p e r i o d  
weak  d i f f e r e n t i a t i o n  of the m a j o r i t y  of n e u r o n s  was  o b s e r v e d  (F ig .  1): T h e y  con t a ined  few o r g a n e l l e s ,  the p e r i -  
n u c l e a r  s p a c e s  w e r e  wide ,  and the ou te r  n u c l e a r  m e m b r a n e  had p r o j e c t i o n s .  The r o u g h  e n d o p l a s m i c  r e t i c u l u m  
was  often connec t ed  with the n u c l e a r  m e m b r a n e .  The m i t o c h o n d r i a l  c r i s t a e  w e r e  i l l - d e f i n e d .  E x c l u s i v e l y  a x o -  
d e n d r i t i c  s y n a p t i c  boutons  w e r e  o b s e r v e d  (F ig .  1). A f t e r  3 w e e k s  in c u l t u r e  m o s t  n e u r o n s  w e r e  m a t u r e  c e i l s :  
T h e i r b o d i e s  w e r e  c l e a r l y  s e p a r a t e d  f r o m  one ano the r  by a n a r r o w  i n t e r c e l l u l a r  s p a c e ,  t y p i c a l  of t h e i r  a p p e a r -  
ance in s i tu .  The n u m b e r  of o r g a n e l l e s  in the c y t o p l a s m  was  i n c r e a s e d  and n e u r o f i l a m e n t s  a p p e a r e d .  The 
m i t o c h o n d r i a l  c r i s t a e  w e r e  v e r y  we l l  d e v e l o p e d  and the n u m b e r  of c o m p o n e n t s  in the Golgi  c o m p l e x  was  in -  
c r e a s e d .  The  n u c l e i  had the c h a r a c t e r i s t i c  fo lded  shape  of n e u r o n s  in t i s s u e  c u l t u r e  [5, 6] and Lhe folds  w e r e  
f i l l ed  with r o s e t t e - H k e  p o l y s o m e s .  Many r i b o s o m e s  w e r e  a t t a c h e d  to the n u c l e a r  m e m b r a n e  (the n u c l e a r  
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F i g .  2. P y r a m i d a l  n e u r o n  of A m m o n ' s  ho rn  of h i p p o c a m p u s  of 3 - d a y - o l d  r a t ,  18 -day  
c u l t u r e .  S c h e m e  top r i gh t .  In i t i a l  m a g n i f i c a t i o n  4000• 

m e m b r a n e  in s i t u  is  m o s t  f r e q u e n t l y  f r e e  f r o m  r i b o s o m e s ) .  P o r e s  could  be s e e n  in the n u c l e a r  s u r f a c e .  The 
s t a t e  of the o r g a n e l l e s ,  the shape  of the nuc le i ,  and the p r e s e n c e  of p o r e s  and r i b o s o m e s  connec t ed  to the 
n u c l e a r  m e m b r a n e  a r e  m o s t  l i k e l y  e v i d e n c e  of i n c r e a s e d  p r o t e i n  s y n t h e s i s  in the n e u r o n s  (Fig .  2). 

In e u l t m : e s  at  the s a m e  t i m e s  (18 th -21s t  d a y s ) n u m e r o u s  s y n a p t i e b o u t o n s  w e r e  o b s e r v e d  on the s o m a  and 
l a r g e  d e n d r i t e s  of the n e u r o n s  (F ig .  2). J u s t  a s  p r e v i o u s l y  [9, 10] ,  d i f f e r e n t i a t i o n  of the p y r a m i d a l  n e u r o n s  of 
A m m o n ' s  ho rn  of the h i p p o e a m p u s  was  thus shown to o c c u r  in t i s s u e  c u l t u r e ,  with the a p p e a r a n c e  of new s y n -  
a p s e s  not  p r e s e n t  in the e x p l a n t e d  m a t e r i a l  f r o m  n e w b o r n  r a t s  or  r a t s  in the e a r l y  p o s t n a t a l  pe r i od .  Granu l e  
c e l l s  of the den t a t e  f a s c i a  w e r e  not  s p e c i a l l y  i den t i f i ed  in th is  s tudy .  

Synap t i c  a x o s o m a t i c  bou tons  m u s t  e v i d e n t l y  be c l a s s e d  as  i nh ib i t o ry  c o n t a c t s  owing the i r  o r i g in  to axons  
of the h i p p o c a m p a l  b a s k e t  c e i l s  [ 4 ] .  They  w e r e  a b s e n t  f r o m  the o r i g i n a l  m a t e r i a l  and w e r e  f o r m e d  in t i s sue  
c u l t u r e  de novo. T h e i r  a p p e a r a n c e  in the 3 rd  week  of c u l t u r e  c o i n c i d e d  in tirr~e with t h e d e v e l o p m e n t o f p y r a m -  
ida l  c e l l s  in c u l t u r e  [8] and with a c t i v a t i o n  of the p r o t e i n - s y n t h e s i z i n g  s y s t e m  of the n e u r o n s .  It is  a t  this  
t ime  that  the b r a i n - s p e c i f i c  p r o t e i n  s p e c t r u m ,  which the w r i t e r s  s t ud i ed  i m m u n o c h e m i c a l l y  [ 3] ,  is  f o r m e d .  

T h r e e  f a c t o r s  -- s y n a p t o g e n e s i s ,  i n t e n s i f i c a t i o n  of p r o t e i n  s y n t h e s i s ,  and the a p p e a r a n c e  of s t ab le  e l e c -  
t r i c a l  a c t i v i t y  -- a r e  s y n c h r o n i z e d  in c u l t u r e  and d e v e I o p  i ndependen t ly  of e x t e r n a l  a f f e r e n t  i n f l uences .  T h e r e  
is r e a s o n  to s u p p o s e  tha t  th is  is  not  a c c i d e n t a l .  S y n a p t o g e n e s i s  and s y n a p t i c  a c t i v i t y  undoub ted ly  a c t i v a t e  the 
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synthesis of polymers  (RNA and proteins) in the postsynaptic cell, and this in turn facili tates the formation of 
the proper t ies  of the synaptic membranes  of the neurons. 

The formation of the basic proper t ies  of the central  neurons of ver tebra tes  in vitro independently of ex- 
ternal factors  means that a nerve tissue culture can be regarded  as a closed cell sys tem and a unique object 
for neurobiological r e sea rch .  
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