
15.5.1973 Specialia 589 

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  
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r epo r t ed  to  be  mere ly  a r t e fac t s ;  o thers  showed  t h e m  on 
t h e i r  m ic rog raphs  w i t h o u t  c o m m e n t i n g  on  t h e m  a t  all. 

D u r i n g  s tud ies  on  a m p h i b i a n  oogenesis,  l amel l a r  
bodies  were found  to  be  p r e s e n t  in  oocytes  of Xenopus  
laevis u n d e r  ce r t a in  c i rcumstances .  There fore  t he  p r e s en t  
s t u d y  was u n d e r t a k e n  to  e luc ida te  t h e i r  or igin a n d  if 
poss ible  t h e i r  na tu re .  

Af te r  regular  f i xa t i on  in g l u t a r a l d e h y d e  buf fe red  w i t h  
Na-cacody la t e  fol lowed b y  O s m i u m - t e t r o x i d e  f ixa t ion ,  
mye l in - l ike  whor l s  ( lamel la r  bodies  LB) were found  in  
oocytes  of Xenopus laevis (Figure 1). These  LBs  were 
p re t e r en t i a l l y  loca ted  in t he  cor t ica l  region of t he  oocyte,  
or t h e y  were in  d i r ec t  c o n t a c t  w i t h  l ip id  drople ts .  I n  
some cases t h e y  could  be  found  in t h e  zona  r a d i a t a  or 
even  in d i rec t  c o n t a c t  w i t h  t he  fol l icular  ep i the l i a l  cells. 
This,  however ,  was  more  t he  case in p rev i te l logenic  t h a n  
in  v i te l logenic  oocytes.  As ton i sh ing ly  enough,  t he  L Bs  
could on ly  be de t ec t ed  in oocytes  w h i c h  h a d  e i the r  j u s t  
en t e red  t he  v i te l logenic  phase  or were s t i l l  in  t he  pre-  
v i te l logenic  s tage of deve lopmen t .  I n  oocytes  la rger  t h a n  
a p p r o x i m a t e l y  650 ~m, i.e. oocytes  wh ich  possess a l r eady  
well  deve loped  Y01k pla te le ts ,  t h e  l amel l a r  bodies  h a d  
t o t a l l y  d i s appea red  again.  The  size of t h e  LBs  r a n g e d  
wide ly  be tween  0.1 and  3.0 ~m. The  t h i cknes s  of t h e  
i n d i v i d u a l  l amel lae  r a n g e d  be tween  68 a n d  700 A. T h e  
smal les t  l amel l a r  bodies  cons is ted  of one lamel la  only, 
wh ich  was spi ra l ly  a r ranged .  Some t imes  t he  l amel l a r  
bodies  cons is ted  of n u m e r o u s  vesicles wh ich  were encircled 

b y  a larger  vesicle (Figure  2). As r epo r t ed  in a p rev ious  
p a p e r  s, oocytes  in  t h e  p rev i te l logenic  or ea r ly  v i te l logenic  
s tage of d e v e l o p m e n t  are  m o s t  ac t ive ly  engaged  in t h e  
syn thes i s  or a c c u m u l a t i o n  of Iipid.  Thus  t h e  p resence  of 
p r o b a b l y  u n s t a b l e  l ip id  coincides w i t h  t h e  presence  of 
myel in- l ike  figures,  i.e. l amel l a r  bodies.  

W i t h  a d i f fe ren t  mode  of f ixa t ion ,  e.g. u s ing  e i the r  
g Iu ta ra ldehyde ,  o s m i u m  t e t r o x i d e  or p o t a s s i u m  p e r m a n -  
g a n a t e  as t h e  sole f ixa t ive ,  t h e  n u m b e r  of l amel l a r  bodies  
found  was  d ras t i ca l ly  d imin ished .  T h e  ones t h a t  were 
s t i l l  p r e s en t  a f te r  t h e  e m p l o y m e n t  of one of t h e  t h r e e  
a b o v e - m e n t i o n e d  f ixa t ives  were muct l  smal le r  t h a n  a f te r  
c o m b i n e d  f ixa t ion  w i t h  g l u t a r a l d e h y d e  a n d  osmium-  
t e t rox ide .  

As expected ,  o x i d a t i o n  of u l t r a t h i n  sect ions  w i t h  
H s J O  s or  H 2 0  2 n o t  on ly  resu l ted  in a p r o n o u n c e d  decrease  
of e lec t ron  d en s i t y  (Figure  3) b u t  also in r educ t i on  in 
w i d t h  of t h e  i n d i v i d u a l  lamellae .  This ,  a n d  t h e  fac t  t h a t  
r e m a i n i n g  lamel lae  closely r e sembled  t h e  v e r y  few 
lamel lae  w h i c h  could be  p roduced  w i t h  g l u t a r a l d e h y d e  as 
a single f ixa t ive ,  i nd ica t ed  t h a t  t h e  LBs  were to  a g rea t  
e x t e n t  m a d e  up  of l ipid.  I n  order  to  t e s t  t h e  l amel l a r  
s t r u c t u r e  w h i c h  r e m a i n e d  a f t e r  o x i d a t i o n  w i t h  H s J O  s or 
H~O 2, t h e  sect ions  were f loa ted  on  0.5% pronase  for  
a p p r o x i m a t e l y  2 h.  As a resu l t  of th i s  t r e a t m e n t ,  t h e  
l amel l a r  bodies  d i s ap p ea red  a l toge ther ,  l eav ing  free spots  
of e m b e d d i n g  m e d i u m  b e h i n d  (Figure  4). 

To a g rea t  e x t e n t  t h e  f o r m a t i o n  of l ame l l a r  bodies  can  
ce r t a in ly  be  a t t r i b u t e d  to  impur i t i e s  of t h e  commerc ia l ly  
ava i l ab le  g lu t a ra ldehyde .  Accord ing  to  ANDERSON 9, 
these  impur i t i es ,  wh ich  in U V - s p e c t r o p h o t o m e t r y  resu l t  
in  a second a b s o r p t i o n  m a x i m u m  a t  235 rim, e i the r  
cons is t  of acrolein,  g lu ta r ic  acid or a p o l y mer  of glu- 
t a r a ldehyde .  W i t h  t h e  use of h igh ly  pur i f i ed  g lu tara l -  
dehyde ,  d is t i l led  accord ing  to  the  p rocedure  p roposed  b y  
ANDERSON 9 (suppl ied b y  Th.  S c h u c h a r d t  Ltd .  Munich)  
wh ich  has  been  employed  for over  a yea r  in  t h i s  l a b o r a t o r y  
t h e  f o r m a t i o n  of L Bs  could no  longer  be observed .  
S imi la r  resu l t s  were o b t a i n e d  w i t h  the  use of ' r egu la r '  
g l u t a r a l d e h y d e  wh ich  h a d  been  washed  w i t h  a c t i v a t e d  
charcoa l  a t  leas t  4 t imes .  

T h e  f o r m a t i o n  of t u b u l a r  endop la smic  r e t i c u l u m  af te r  
p r e f i x a t i o n  w i t h  g lu t a ra ldehyde ,  as h a s  been  descr ibed 
for oocytes  0f Rana temporaria a n d  Rana esculenta 1~ was 
n o t  found  to  be d e p e n d e n t  u p o n  t h e  p u r i t y  of t h e  em- 
p loyed  g lu t a ra ldehyde .  

F r o m  t h e  above  t h e  fol lowing can  be  conc luded  : 1. The  
f o r m a t i o n  of whor ls  is i n i t i a t e d  t h r o u g h  t h e  ac t ion  of 
impur i t i e s  of t h e  commerc ia l ly  a v a i l a b l e  regu la r  glut-  
a ra ldehyde .  2. The  lamel la r  bodies  are fo rmed  t h r o u g h  
t h e  ac t ion  of o s m i u m  te t rox ide .  3. The  lamel la r  bodies  
cons is t  m a i n l y  of l ip id  an d  to  a ce r t a in  e x t e n t  of p ro te in .  

As a consequence  f rom i a n d  2 i t  would  a p p e a r  v e r y  
p r o b a b l e  t h a t  t h e  obse rved  s t ruc tu re s  are  mere ly  a n  
a r t e f ac t  caused  t h r o u g h  i m p r o p e r  f ixa t ion .  However ,  t h e  
fac t  r e m a i n s  t h a t  t h e  l amel l a r  bodies  h a v e  m a i n l y  been  
found  in y o u n g e r  oocytes,  i.e. t hose  w h i c h  are m o s t  
ac t ive ly  engaged  in the  syn thes i s  of l ipid.  I t  the re fore  

Fig. 1. Lamellar body in the cortex of an early vitellogenic oocyte 
extending partly into the zona radiata. • 31,000. 
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Fig. 2. Lamellar body of the vesicular type after oxidation on H20 v 
x 39,000. 
Fig. 3. Lamellar body after oxidation on H6JO 6. x 39,000. 

Fig. 4. Vacuoles in the cortex of the ooeyte produced by oxidation of 
lamellar bodies followed by enzymatic digestion with pronase. 
• 31,000. 

appea r s  more  l ike ly  t h a t  t he  l ame l l a r  bodies,  t h o u g h  
morpho log ica l ly  a n  a r te fac t ,  b iochemica l ly  r ep re sen t  t h e  
p resence  of a c e r t a i n  l i pop ro t e in  complex,  t he  compos i t i o n  
of which ,  r a t h e r  t h a n  i ts  so lubi l i ty ,  is a l t e red  t h r o u g h  t h e  
app l i c a t i on  of commerc ia l ly  ava i l ab le  r egu la r  g lu ta ra l -  
dehyde .  Th i s  is c o n s i s t e n t  w i t h  resu l t s  r e p o r t e d  b y  
SHARMA et  al. 11, who  f o u n d  t h a t  a f t e r  s t i m u l a t i o n  of 
i so la ted  a d r e n a l  co r t ex  cells of t h e  r a t  w i t h  A C T H  t h e  
n u m b e r  of l ame l l a r  bod ies  was s ign i f i can t ly  increased,  
which ,  however ,  was  n o t  assoc ia ted  w i t h  a n  increase  in 
so lub i l i ty  of t h e  l ipid.  

The  fac t  t h a t  l amel l a r  bod ies  occur  a f t e r  app l i c a t i on  of 
o s m i u m  t e t r o x i d e  as t he  sole f ixa t ive ,  a l t h o u g h  n o t  v e r y  
m a n y ,  i nd ica t e s  t h a t  t h e  same  t y p e  of l ip id  as is fo rmed  
t h r o u g h  t h e  ac t ion  of ' r egu la r '  g l u t a r a l d e h y d e  is p r e s e n t  
to  a c e r t a i n  e x t e n t  in  cells u n d e r  n o r m a l  condi t ions .  T h e  
t e r m  ' n o r m a l  cond i t i ons '  should,  however ,  in  t h i s  case be  
used w i t h  care, s ince m o s t  of t h e  l ame l l a r  bodies  or 
mye l in - l ike  f igures  t h a t  h a v e  been  f o u n d  so fa r  were 
p r e s e n t  in  e m b r y o n i c  or  r e g e n e r a t i n g  ceils, t h a t  is 
s y n t h e t i c a l l y  h i g h l y  ac t ive  cells. 

Cons idera t ions  as p u t  fo rward  b y  RuBY a n d  WEBSTER 8, 
such  as t he  fac t  t h a t  l ame l l a r  bod ies  were on ly  found  in 
i m m a t u r e  cells of t he  b a t  ovary ,  are the re fore  n o t  
conv inc ing ly  aga in s t  an  ar t i f ic ia l  n a t u r e  of t he  LBs  in 
t e r m s  of morpho logy .  E v e n  t h o u g h  i t  h a s  become  e v i d e n t  
d u r i n g  t h e  course of t h i s  s t u d y  t h a t  t h e  l amel l a r  bod ies  
c an  on ly  b e  r ega rded  as a n  a r t e f ac t  f r om a morpho log ica l  
poir i t  of view, t he  resu l t s  r e p o r t e d  in t h i s  p a p e r  emphas i ze  

aga in  t h e  necess i ty  of e m p l o y i n g  severa l  d i f f e ren t  
f ixa t ives  in  u l t r a s t r u c t u r a l  s tudies ,  s ince on ly  a d i f feren-  
t i a l  ana lys i s  of severa l  u l t r a s t r u c t u r a l  f i x a t i o n  p a t t e r n s  
c an  ensure  u n e q u i v o c a l  resul ts .  

Zusammen/assung. N a c h  D o p p e l - F i x i e r u n g  der  O v a r i en  
y o n  Xenopus laevis s ind  in Oocy ten  ku rz  v o r  u n d  in de r  
f r i ihen  D o t t e r b i l d u n g s p h a s e  lamellAre E i n s c h l u s s k 6 r p e r  
(<~myelin-like figures~) zu l inden .  Es  wi rd  gezeigt,  dass  
V e r u n r e i n i g u n g e n  des G l u t a r a l d e h y d s  fiir das  Z u s t a n d e -  
k o m m e n  der  <~myelin-like figures~ v e r a n t w o r t l i c h  sind,  
diese se lbs t  j edoch  e r s t  d u r c h  die n a c h f o l g e n d e  E i n w i r -  
k u n g  y o n  OsO4 in E r s c h e i n u n g  t r e t en .  Bei  V e r w e n d u n g  
v o n  ge re in ig tem G l u t a r a l d e h y d  s ind die Iamel l~ren  
E i n s c h l u s s k 6 r p e r  n i c h t  nachzuweisen .  Sic b e s t e h e n  w a h r -  
sche in l ich  aus  e inem L i p o p r o t e i n - K o m p l e x  u n d  l i n d e n  
s ich n u r  in  l i p i d s y n t h e t i s c h  s t a r k  a k f i v e n  Oocyten .  
D a r a u s  wi rd  geschlossen,  class d i e s e  K 6 r p e r  morpho lo -  
gische A r t e f a k t e  s ind,  die auf  G r u n d  e iner  n o r m a t e n  
phys io log i schen  Ak t iv i tA t  en t s t ehen .  
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