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cytological  controls .  All  obse rva t i ons  were m a d e  w i t h  
pos i t ive  p h a s e - c o n t r a s t  microscopy.  

Results  and discussion. The  con t ro l  t i s sue  showed  t h e  
typ ica l  sp ind le - shaped  nucle i  w i t h  t h e  spher i ca l - shaped  
h o m o g e n e o u s - a p p e a r i n g  nucleol i  as observed  p rev ious ly  4& 
M a r k e d  nuc leo la r  e n l a r g e m e n t  as well  as t he  f o r m a t i o n  
of h igh ly  ref rac t i le  nuc leolar  inc lus ions  obse rved  in 
p rev ious  i nves t iga t ions  3, 4 were also e v i d e n t  here  in  t h e  
exp l an t s  i n c u b a t e d  in t he  s tab i l i zed  a n d  uns t ab i l i z ed  
l iquid  pa ra f f i n  (Figure).  There  was no  ev idence  of 
mic rob ia l  c o n t a m i n a t i o n  in a n y  of t he  exp l an t s  i n c u b a t e d  
in t he  uns te r i l i zed  s tab i l ized  and  uns t ab i l i z ed  l iquid  
pa ra f f i n  (see also reference No. 6). 

T h e  levels of B H T  employed  as a n  a n t i o x i d a n t  in 
foodstuffs  (ca. 0 .01%) show no de t ec t ab l e  tox ic  effects  
in  an ima l s  7-~. I m p a i r m e n t  of g r o w t h  a n d  of phospho l i p i d  
syn thes i s  a n d  l iver  d a m a g e  h a v e  been  found  to occur  in  
r a t s  a t  h ighe r  levels  of B H T  (ca. 0 .2%) s, 9. The  10 p p m  of 
B H T  employed  in t he  l iqu id  pa ra f f i n  used in th i s  inves-  
t i g a t i o n  is t h e  m a x i m u m  a l lowable  c o n c e n t r a t i o n  l i s ted  
in t he  B r i t i sh  P h a r m a c o p o e i a  ~ for med ic ina l  g rade  l iqu id  
pa ra f f in  a n d  is well  be low the  c o n c e n t r a t i o n s  of B H T  
cons idered  to  be  non- tox ic  a n d  tox ic  in  a n i m a l  feeding 
e x p e r i m e n t s  7-9. The  resul t s  of t h i s  i n v e s t i g a t i o n  show 
t h a t  nuc leo la r  e n l a r g e m e n t  and  t he  f o r m a t i o n  of ref rac t i le  
nuc leolar  inc lus ions  were no t  i n h i b i t e d  b y  t he  10 p p m  of 
B H T  i n  t he  l iqu id  pa ra f f i n  used here.  I n  add i t ion ,  
endogenous  s t a r c h  f o r m a t i o n  was also e v i d e n t  in  t he  sac 
cells of juice vesicles i n c u b a t e d  in t h e  s tab i l i zed  an d  
uns t ab i l i z ed  l iquid  pa ra f f in  (unpub l i shed  o b s e r v a t i o n ;  
see also reference No. 6). 

48-b-old explant incubated in stabilized light grade liquid paraffin 
showing an enlarged nueleolus with prominent refraetile inclusions. 
• 1600. N, nucleus; n, nucleolus. 

I t  is n o t  k n o w n  w h e t h e r  t h e  l emon  f ru i t  exp lan t s  
would  h a v e  r e sponded  d i f fe ren t ly  to  h ighe r  c o n c e n t r a -  
t ions  of t h e  a n t i o x i d a n t  B H T .  However ,  t h e  ab i l i t y  of 
non -g rowing  l emon  f ru i t  e x p l a n t s  to  man i f e s t  ce r t a in  
endogenous  cytological  a n d  phys io logica l  p h e n o m e n a  
w h i c h  are  also found  in growing  exp l an t s  b y  i n c u b a t i n g  
t h e m  in non -aqueous  oi ly m e d i a  4-6 m a y  p rov ide  a t i ssue  
s y s t e m  for e x a m i n i n g  t h e  effects of fa t -so luble  an t iox i -  
d a n t s  a n d  the i r  ox ida t i on  p r o d u c t s  on  these  endogenous  
cytological  an d  phys io logica l  p h e n o m e n a .  

Sumario.  E x p l a n t a s  de f r u t a  de l i m d n  m a n i f e s t a n  
s eme jan to  nuc leo la r  c o m p o r t a m i e n t o ,  cuanAdo estAn 
i n c u b a d a s  en p a r a f i n a  l i q u i d s  con, y s in  au to -ox idan tes .  
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Synaptic Boutons in the Hippocampus: Changes 

For  m a n y  years  researchers  i nves t i ga t i ng  t he  f ine 
s t r u c t u r e  of t h e  cen t r a l  ne rvous  s y s t e m  h a v e  been  
concerned  w i t h  t h e  m e c h a n i s m s  b y  w h i c h  p o s t n a t a l  
s t r u c t u r a l  changes  in neu rons  occur  morphologica l ly .  I t  
has  been  sugges ted  t h a t  morpholog ica l  changes  in t h e  
co r t ex  of t he  r a t  a f te r  d a y  20 can  be  accoun ted  for b y  
m e a n s  of increased  dendr i t i c  b r a n c h i n g  1. F u r t h e r m o r e  3, 3, 
researchers  h a v e  r epo r t ed  t h a t  e v i r o n m e n t a l  m a n i p u l a -  
t ions  a l t e r  t he  f ine s t r u c t u r e  of t he  dendr i t i c  plexus.  
Based  u p o n  these  d a t a  i t  seems r easonab le  to  conclude  
t h a t  a possible  morpholog ic  si te  of change  exis ts  in  t h e  
dendr i t i c  a rbo r i za t ions  of neu rons  in t h e  cen t r a l  ne rvous  
sys tem.  Such changes  would  be expres sed  b y  a rbo r i za t i o n  
changes  w i t h i n  no t  on ly  t he  dendr i t i c  p lexuses  b u t  also 
t he  a x o n a l  endings.  Specif ical ly these  would  inc lude  
increased  dendr i t i c  spines,  increased  a x o n a l  a rbor iza t ions ,  

are Produced by Age and Experience 

grea te r  n u m b e r s  of dendr i tes ,  etc. Suggest ions  such  as 
these  h a v e  been  offered b y  severa l  i nves t iga to r s  a-~. 
T a k e n  toge ther ,  these  morpho log ica l  a l t e r a t ions  sugges t  
t h a t  t h e  mos t  sens i t ive  measu re  of change  in dendro-  
axona l  r e l a t ionsh ips  is t h e  n u m b e r  of synap t i c  b o u t o n s  
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presen t .  The  p r e sen t  e x p e r i m e n t  r epor t s  a l t e r a t ions  found  
in t h e  n u m b e r  of s y n a p t i c  b o u t o n s  of con t ro l  an i ma l s  
used in an  expe r in l en t  conce rned  w i t h  possible  re la t ions-  
ships  b e t w e e n  synap t i c  d i s t r i b u t i o n s  a n d  h i p p o c a m p a l  
t h e t a  ac t iv i ty .  

Six  150 g ma le  L o n g - E v a n s  r a t s  were d iv ided  in to  2 
groups  of 3 each. Group  I was  sacr i f iced pr io r  to  t he  exper-  
imen t .  G r o u p  2 an ima l s  were t r e a t e d  as cont ro l s  for t he  
d u r a t i o n  of t h e  m a i n  expe r imen t .  Da i ly  h a n d l i n g  inc luded  
be ing  p laced  in  a sma l l  c i rcular  (1 foot  d iamete r )  opeI1 
f ield for  15 rain,  d u r i n g  wh ich  t i m e  t h e  an i m a l s  were no t  
hand led .  U p o n  c o m p l e t i o n  of t he  e x p e r i m e n t  (approxi-  
m a t e l y  60 days  later) ,  g roup  2 an ima l s  were  sacrificed. All  
an ima l s  were a n e s t h e t i z e d  w i t h  ch lora l  h y d r a t e  a n d  u n d e r  
deep anes thes ia ,  pe r fused  t r a n s c a r d i a l l y  w i t h  buf fe red  
10% fo rma l in  p receded  b y  a sa l ine  exsangu ina t ion .  The  
b ra ins  were r e m o v e d  a n d  f ixed for an  a d d i t i o n a l  2 weeks 
in formal in .  Fo l lowing  th i s  t h e  b r a i n s  were  b locked  a n d  
s epa ra t ed  in to  lef t  a n d  r i g h t  sides. T he  t i ssue  was t r e a t e d  
w i t h  t h e  RASMUSSEN t e c h n i q u e  ~ for  d e m o n s t r a t i o n  Of 
s y n a p t i c  bou tons .  The  t i ssue  was  e n b e d d e d  in p a r a p l a s t  
a n d  sec t ioned  in t h e  h o r i z o n t a l  p l ane  a t  10 ~zm. All t i s sue  
was coded a n d  s u b s e q u e n t  d a t a  ana lys i s  was  car r ied  ou t  
w i t h o u t  knowledge  of g roup  des igna t ion .  T he  molecu la r  
l ayer  of t he  d e n t a t e  gyrus  of t h e  h i p p o c a m p a l  f o r m a t i o n  
was d iv ided  in to  a superf ic ia l  ou te r  zone and  a deeper  
i nne r  zone. S y n a p t i c  b o u t o n s  were coun t ed  on  5 dendr i t e s  
in  each  zone. Coun t ing  was  done  u n d e r  oil i m m e r s i o n  
( •  900) a n d  t h e  n u m b e r  of bou tons /10  ~zm l eng th  of 
dend r i t e  ca lcu ted  for al l  6 b r a i n s  (12 h ippocampi ) .  The  
m e a n  n u m b e r  of b o u t o n s  is s h o w n  in  t h e  Table.  

A three=factor  ana lys i s  of v a r i a n c e  s w i t h  r epea t ed  
measures  revea led  t h a t  t he  n u m b e r  of b o u t o n s  for t he  
2 zones was  no t  d i f fe ren t  w i t h i n  each  group  (F=1 .931 ,  

Mean number of boutons/10 [~m length of dendrite of nlolecular 
layer of dentate gyrus 

w i t h  1 a n d  4 degrees  of f reedom,  p > 0.10). However ,  
be tween  group  compar i sons  d e m o n s t r a t e d  t h a t  t he  n u m b e r  
of b o u t o n s  was g rea te r  in  g roup  2 an ima l s  ( late sacrifice) 
t h a n  in g roup  1 an ima l s  (F = 21.09, w i t h  1 a n d  4 degrees 
of f reedom,  P < 0.02). N o n e  of t he  i n t e r a c t i o n  t e r m s  
p r o v e d  to  be  s ignif icant .  

W i t h i n  t he  c o n t e x t  of t he  p r e s e n t  f indings,  i t  is d i f f icul t  
to  d issocia te  b e t w e e n  age changes  a n d  e n v i r o n m e n t a l  
inf luences,  such  as hand l ing ,  as t he  fac tors  respolls ible  for 
t h e  b o u t o n  differences.  I t  seems r easonab le  to  conclude  
t h a t  b o t h  fac tors  c o n t r i b u t e d  to  t he  change  in synap t i c  
b o u t o n  dens i ty  w i t h i n  t h e  d e n t a t e  gyrus.  

The  d i s t r i b u t i o n  of b o u t o n  changes  is in te res t ing .  
A l t h o u g h  t h e r e  was n o t  a di f ference b e t w e e n  t he  i nne r  
a n d  ou t e r  zones of t he  gyrus,  t he  two  zones are m o r p h o -  
logical ly d is t inc t .  The  ou te r  l ayer  receives ips i l a te ra l  
f ibres  whi le  t he  i nne r  one receives  commissu ra l  f ibres  9,10 
I n  add i t ion ,  t h e  infer ior  aspec t  of t h e  deep or i nne r  zone 
has  a ho r i zon ta l  a x o n a l  p lexus  ( sup rag ranu l a r  a x o n a l  
p lexus  of Cajal) cons is t ing  of p r i m a r y  axon  t e r m i n a l s  of 
t he  p o l y m o r p h i c  cells of t h e  h i lus  of t h e  d e n t a t e  gyrus.  
The  p r e sen t  d a t a  sugges t  t h a t  a non-speci f ic  (i.e., inde-  
p e n d e n t  of i n p u t - o u t p u t  sys tems)  increase  occur red  in t h e  
synap t i c  boutoI1 dens i t y  of t h e  d e n t a t e  gryrus.  

The  f ind ings  descr ibed  here  s u p p o r t  t h e  v iew t h a t  t he  
h i p p o c c a m p u s  is a p las t i c  s y s t e m  t h a t  is a d a p t a b l e  to  
change  w h e t h e r  t h e  change  be  of on togenet ic ,  env i ron-  
men ta l ,  or c o m b i n e d  origin.  These  d a t a  are pa r t i cu l a r l y  
in t e re s t ing  since, to  our  knowledge,  t h e y  r e p r e s e n t  t he  
f i rs t  d e m o n s t r a t i o n  of increases  in  s y n a p t i c  b o u t o n s  in 
m a t u r e  an ima l s  as a f unc t i on  of age a n d / o r  experience.  
These  obse rva t ions  s u p p o r t  t he  h y p o t h e s i s  t h a t  m o r p h o -  
logical changes  occur  a t  t he  level  of t he  synapse  complex.  

Zusammenfassung. E r s t m a l i g e r  m o r p h o m e t r i s c h e r  Nach-  
wets bet  2 G r u p p e n  reifer,  a l t e r sun te r sch ied l i che r  1Ratten, 
dass  die Zah l  de r  S y n a p s e n  i m  H i p p o c a m p u s  m i t  d e m  
Al te r  z u n i m m t ,  wobei  die e f fek t ive  S t e ige rungs ra t e  a u c h  
m i t  Umwel te inf l i i s sen  zusammenh~Lngen k6nnte .  

Superficial zone Deep Zone 
(mean 4- standard (mean 4- standard 
error of the mean) error of the mean) 

Group 1 (early) 

Animal No. 31 right 20.76 4- 0.83 26.90 4- 1.92 
left 24.28 4- 2.31 19.62 4- 2.44 

Animal No. 32 right 28.20 4- 1.49 23.66 4- 3.18 
left 35.96 4- 5.35 25.12 4- 2.96 

Animal No. 33 right 20.50 4- 2.91 19.12 -4- 1.45 
left 21.68 -4- 1.30 24.26 -4- 3.29 

Group 2 (late) 

Animal No. 28 right 27.14 -V 1.67 29.50 A2 3.02 
left 34.44 -4- 2.74 42.86 4- 5.17 

Animal No. 29 right 31.76 4- 1.00 34.70 4- 1.93 
left 33.70 4- 0.73 37.56 4- 4.38 

Animal No. 30 right 43.70 4- 2.81 36.44 4- 2.07 
left 36.12 4- 5.68 33.22 4- 2.31 
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Lamel lar  Bodies  in Oocytes  of Xenopus laevis and their Relat ion to the Mode of Fixat ion  

L a m e l l a r  bodies,  w h i c h  are  f r e q u e n t l y  cal led 'mye l in -  subject ) .  Var ious  m o r p h o g e n e t i c  or phys io logica l  f ea tu res  
l ike  f igures ' ,  h a v e  b e e n  descr ibed  as b e i n g  p r e s en t  in  a h a v e  been  a t t r i b u t e d  to  these  s t ruc tures ,  e.g. t h e  fo rma-  
g rea t  n u m b e r  of d i f fe ren t  cell types ,  such  as h e p a t o c y t e s  I,~ t i o n  of m i t o c h o n d r i a  4, or t h e  Golgi  a p p a r a t u s  6, or 
m y o b l a s t s  ", neuroblasts4, ~, i m m a t u r e  o v a r i a n  cells 6, etc. p a r t i c i p a t i o n  in t h e  t r a n s f o r m a t i o n  of g lycogen in to  
(see DIDIO 7 for  a more  comple t e  re ference  l i s t  on  t h e  l ip id  2. B y  some a u t h o r s  t h e  l ame l l a r  bod ies  h a v e  been  


