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Toge the r  w i t h  these  m e a s u r e d  va lues  an  osseal r e t a r d a -  
t ion  m a y  be  seen r6n tgeno log ica l ly  in  t he  was t ed  ani-  
mals ,  f rom t h e  3rd weeks  a f te r  n e o n a t a l  t h y m e c t o m y .  
B u t  r6n tgeno log ica l ly  t h e  mos t  severe  changes  seem to 
be  t he  decrease  of t h e  cor t ical is  t h i ckness  a n d  t h e  loss 
of t h e  bone  minera ls .  These  p h e n o m e n a  r ep re sen t  a severe  
bone  a t rophy .  

Our  his to logical  f ind ings  m a y  be  s u m m a r i z e d  as fol- 
lows:  in  t he  d i s t a l  ep iphyses  of f emora  t he re  are  on ly  
2-3 i r regular ,  v e r y  t h i n  f r a g m e n t s  of osseal  t r abecu lae .  
The  ep iphysea l  p l a t e  shows m i n i m a l  or  no  signs of ossi- 
f icat ion.  An  e x t r e m e  sparseness  of osseal  t r a b e c u l a e  in 
the  m e t a p h y s e s  m a y  also be  seem. T he  h y a l i n  pi l lars  
r e m a i n  car t i l lag ineous .  All d i aphysea l  cor t ices  are  s t r ik-  
ingly  th in .  

The  r6n tgeno log ica l  m e a s u r e m e n t s  were in close rela-  
t i onsh ip  w i t h  t h e  his to logical  f ind ings  a n d  w i t h  t h i s  
serious cl inical  cond i t i on  of t he  was t ing  syndrome .  The  
c o m b i n a t i o n  of t he  r6n tgenolog ica l  a n d  t he  mic rome t r i c  
m e t h o d s  r ep re sen t  a useful  m e t h o d  for t he  more  exac t  
e s t i m a t i o n  of t he  differences  of the  osseal  changes  on  

f 0 

E 

2000 

~ 10001 

a) 3 weeks old b) 6 weeks old 
animals animals 

19g 

11g log 

2600 

1~oo 14oo 

f - I  Control [ ]  Operaled 

Fig. 1. The average of the body weight and lymphocyte counts of 
neonatally thymectomized and sham-operated mice. 

X - r a y  shee ts  in mice e x p e r i m e n t s  t h a n  the  v i sua l  
means  allow. 
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Fig. 2. The average length, diameter and cortical thickness of femora 
in the wasted and sham-operated animals. 

Zusammenfassung .  Verbesse r te  r6n tgenolog ische  Mess- 
m e t h o d e  zur  B e s t i m m u n g  v a n  K n o c h e n a t r o p h i e n  bei  
u n m i t t e l b a r  n a c h  der  G e b u r t  t h y m e k t o m i e r t e n ,  v o m  
,was t ing ,>-Syndrom befa l l enen  Miiusen. 
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Light and Electron Microscopic Evidence of Complex Synapses (Glomeruli) in Oliva Inferior (Cat) 

Prev ious  his to logical  1-5 and  e lec t ron  microscopic  e-s 
s tud ies  on  t he  nuc leus  ol ivaris  infer ior  of t h e  ca t  do no t  
m e n t i o n  t he  ex is tence  of complex  synapses  (glomeruli) 9. 

As descr ibed p rev ious ly  b y  one of us 1~ t he  N a u t a  im-  
p regna t ion ,  modi f ied  for  s taining mitochondria n reveals  
t yp i ca l  aggrega tes  b e t w e e n  t h e  n e u r o n a l  pe r ika rya ,  w h i c h  
cha rac te r i ze  t h e  neurop i l  of t he  nucleus  ol ivar is  infer ior  
(Figure 1). Us ing  RASMUSSEN'S m e t h o d  12, which  p a r t l y  
suppresses  s t a i n i n g  of i n d i v i d u a l  m i tochondr i a ,  s imi la r  
resul t s  m a y  be  o b t a i n e d  (Figure 2). 

Topographically  these  a rgyrophi l ic  aggrega tes  are  pres-  
en t  in  all  p a r t s  of o l iva ry  conlplex,  be ing  bes t  d is t in-  
gu ished  in b o t h  lamel lae  of p r inc ipa l  olive, especial ly  in  
t he  pa ra f loccu la r  area.  On t he  o the r  h a n d ,  t he  neurop i l  
of t h e  l a t e ra l  p a r t  of dorsa l  accessory olive appea r s  dense r  
a n d  more  homogenous .  

Descr ibed  s t r u c t u r e s  of a c c u m u l a t e d  m i t o c h o n d r i a ,  
be ing  s imi la r ly  sized a n d  d i s t r ibu ted ,  seem to  co r respond  
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to  smal l  nodules  a n d  oval  bodies  or even  some of ' spher i -  
cal, o r ange - s t a in ing  bodies '  seen in Golgi  p r e p a r a t i o n s  3. 
I t  has  been  sugges ted  t h a t  smal l  t u f t s  or rose t t es  of affer- 
en t  fibers, m a k i n g  c o n t a c t  w i t h  these  'bodies ' ,  m a y  be  
s t r u c t u r e d  l ike mossy  f ibre  end ings  in ce rebe l lum 3. 

Electron microscopically media l  a n d  dorsa l  accessory 
olive, b o t h  lamel lae  of p r inc ipa l  ol ive inc lud ing  i ts  pa ra -  
f loccular  a rea  in  a d u l t  cats ,  h a v e  been  s tudied.  Single 
m i t o c h o n d r i a  a p p e a r  in  sect ions  of dendr i tes ,  neur i t es  
a n d  glial  processes.  However ,  up  to 10 m i t o c h o n d r i a l  
profi les  are aggrega ted  on ly  in sec t ions  of pre-  a n d  pos t -  
synap t i c  e lements .  Since these  e l emen t s  fo rming  complex  
synapses  (glomeruli)9 are a c c u m u l a t e d  locally, e lec t ron  
mic roscopy  conf i rms  t h e  fo rmer  i n t e r p r e t a t i o n  of mi to-  
chondr ia l  impregna t i on ,  n a m e l y  t h a t  aggrega tes  in ol iva  
infer ior  r ep re sen t  groups  of closely a r r a n g e d  synapses  in  
neuropi l ,  b u t  n o t  large b o u t o n s  as for  ins t ance  in nuc leus  
e u n e a t u s  ex t e rnus  ~0. 

U l t r a s t r u c t u r e  of o l iva ry  g lomeru l i  (Figure  3) is charac-  
te r ized  b y  a r a t h e r  large n u m b e r  (more t h a n  4) of dendr i t i c  
profi les (D), wh ich  are s i t ua t ed  in t h e  centre .  B u t  ve ry  
of ten  f i rs t  o rder  dendr i t e s  are loca ted  a t  t h e  p e r i p h e r y  
or j u s t  bes ide  t h e  complex ,  whi le  t h e  inne r  ones  r ange  in 
t h e  size of sma l l  b ranches ,  sp ines  or spinules.  Pos t -  
synap t i c  e l emen t s  t end  to  t o u c h  each  other ,  t h e  b igger  
ones  m a y  even  deve lop  desmosome- l ike  a t t a c h m e n t  
plaques .  P r e s y n a p t i c  e l emen t s  are  mos t ly  a r r a n g e d  
a r o u n d  th i s  dendr i t i c  core. Synapses  do exis t  b e t ween  
severa l  pre-  a n d  one p o s t - s y n a p t i c  as well  as be tween  
one  pre-  an d  severa l  p o s t - s y n a p t i c  e lements .  Axo-axon ic  
synapses  h a v e  n o t  been obse rved  up  to now. 

The  whole  g lomeru lus  is covered  b y  as t rogl ia l  processes  
(f ibrous ~ A F  an d  l amel l a r  = AL). In  t h e  p r inc ipa l  ol ive 
th i s  glial  coa t  con ta ins  m a i n l y  vo luminous ,  f ibrous  pro- 
cesses a,6,8, d i s t i nc t l y  s e p a r a t i n g  n e i g h b o u r i n g  co mplex  
synap t i c  a r r a n g e m e n t s .  I n  t h e  l a te ra l  p a r t  of dorsa l  
accessory olive m o s t l y  t h i n  lamel lae  occur  (Figure 3). 
G lomeru l a r  complexes  of ten  a p p e a r  in i m m e d i a t e  v i c in i t y  
of ne rve  cell somata ,  b u t  on ly  v e r y  smal l  p a r t s  of t h e i r  
surface  p roduce  unspec ia l ized  c o n t a c t s  w i t h  t h e  peri-  
ka ryon .  T rue  axo - soma t i c  synapses  h a v e  n o t  been  
observed .  

These  resu l t s  d e m o n s t r a t e  t h a t  the  m i t o c h o n d r i a l  
i m p r e g n a t i o n  could he lp  e lec t ron  microscopis t s  to  de t ec t  
va r ious  s y n a p t i c  a r r a n g e m e n t s  in d i f fe ren t  regions  of 
b r a i n  an d  to  s t u d y  the i r  d i s t r ibu t ion .  On t h e  o the r  h a n d ,  
th i s  t e c h n i q u e  should  be  added  to classical  m e t h o d s  for 
t h e  a r c h i t e c t u r a l  s t u d y  of neurop i l  w i t h  the  l igh t  micro-  
scope. 

Zusammen/assung. Mitochondr i enaggrega te ,  die d u r c h  
m i t o c h o n d r i a l e  I m p r e g n a t i o n  in der  Ol iva  infer ior  der  
K a t z e  g e f u n d e n  wurden ,  b e s t e h e n  e l ek t ro n en mi k ro sko -  
pisch aus  m e h r e r e n  d e n d r i t i s c h e n  u n d  m e h r e r e n  pr~- 
s y n a p t i s c h e n  E l e m e n t e n .  Diese b i lden  mul t ip l e  axo-  
dend r i t i s che  Synapsen ,  geh6ren  also zur  G r u p p e  der  
K o m p l e x s y n a p s e n .  
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