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Elec tron  M i c r o s c o p i c  O b s e r v a t i o n s  on  the  Ol ivary  

Studies  wi th  the  exper imen ta l  silver impregna t ion  
me thods  have  shown t h a t  spinocerebel lar  1-a and  olivo- 
cerebellar  t r ac t s  1, a send the i r  collaterals  to the  cerebellar  
nuclei. The former  pro jec t ion  has been also conf i rmed by  
an electron microscopic  s tudy  5. These collaterals  are 
regarded as exc i t a to ry  inpu t  to the  cerebellar  nuclei, 
while t he  cerebellar  cor t iconuclear  f ibres are known  to  be 
inh ib i to ry  inpu t  to  the  nuclei6, L According to our 
previous  s tudy  wi th  the  N a u t a  method ,  t h e  olivo- 
cerebellar  t r a c t  (OCT) fibres of the  ca t  t e r m i n a t e  in all 
t he  cerebellar  nuclei  on b o t h  sides, bu t  ma in ly  on the  
cont ra la te ra l  side (see reference 4 for review). In  fact, 
there  is an electrophysiological  r epor t  showing t h a t  
s t imula t ion  of the  inferior  ol ivary complex  evokes 
monosynap t i c  exc i t a to ry  responses  in the  cont ra la te ra l  
den t a t e  nucleusL However ,  no electron microscopic  
s tudy  has  t hus  far been m a d e  on the  pro jec t ions  f rom 
the  inferior olive to  t he  cerebellar  nuclei. The presen t  
s tudy  was u n d e r t a k e n  to  conf i rm the  resul ts  of our  experi-  
men t a l  silver impregna t ion  s t u d y  and to  inves t iga te  the  
mode  of t e r m i n a t i o n  of OCT fibres. 

Mater ia l  and methods. Elec t ro ly t ic  lesions of the  inferior  
ol ivary complex  were made  in 6 adul t  cats. The procedure  
of surgery  is t he  same as descr ibed elsewhere 4. On 4-5 
days  af ter  operat ion,  the  animals  were per fused  under  

P r o j e c t i o n s  to  the  Cerebe l lar  Nuc l e i  in the  Cat 

deep pen toba rb i t a l  anes thes ia  wi th  1500 2000 ml of the  
f ixa t ive  composed  of 4% pa ra fo rma ldehyde  and 0.5% 
g lu ta ra ldehyde  buffered wi th  Millonig's p h o s p h a t e  a t  
p H  7.3 or 7.4. Subsequent ly ,  small  blocks were t aken  
f rom the  cerebellar  nuclei  of b o t h  sides and  pos t f ixed  
wi th  2% osmium te t rox ide  buffered wi th  phospha te .  
U l t r a t h i n  sect ions were cut  f rom these  blocks and  
s ta ined  wi th  uranyl  ace ta te  and lead c i t ra te  for e lectron 
microscopy.  E x a m i n a t i o n  of the  Wel l  s ta ined sect ions 
t h rough  the  medul la  oblongata  revealed t h a t  in 4 of 
6 animals  the  lesions were l imi ted  to  t he  inferior ol ivary 
complex,  bu t  in 2 of t h e m  t h e y  invaded  fu r the r  pa r t  of 
the  p a r a m e d i a n  ret icular  nucleus;  5 cats  were examined  
as controls.  
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Fig. 1. a) Electron-dense, degenerated bouton (dB) making synapses (arrows) at the 2 sites with the soma (N) of a large cell in the interpositus 
nucleus. Numerous pleomorphic synaptic vesicles (sv) are seeu. A normal bouton with the less dense matrix is located in the vicinity (nB). 
In one of the serial sections (b) the bouton is seeI1 synapsing (arrow) with a somatic spine (ss) of the same cell. Large arrow points to a connect- 
ing portion between the soma and the spine. Side eontralateral to the lesions in the inferior olivary complex, 5 days postoperatively. 
a) x16,200;b) • 
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Resul ts  a~zd discussion.  On b o t h  sides of all the  cerebel- 
lar nuclei, a n u m b e r  of degenera ted  bou tons  were observed 
synaps ing  wi th  t he  celI bodies  and  p rox imal  dendr i tes  of 
large and  medium-s ized  cells, and  also wi th  per iphera l  
dendr i t es  and  dendr i t ic  spines. A m o n g  degenera ted  
boutons ,  e lectron-dense,  degenera ted  bou tons  were m o s t  
numerous .  As descr ibed  by  AXGAUT and SOTZLO s, some 
semi-opaque  bou tons  were observed in normal  mater ia ls .  
However ,  t h e y  could be easily d is t inguished f rom the  
e lect ron-dense,  degenera ted  boutons.  F igure  l a  shows 
t h a t  a large, e lectron-dense,  degenera ted  bou ton  wi th  
p leomorphic  vesicles f o r m s  synapses  wi th  the  soma of a 
large cell in the  cont ra la te ra l  in te rpos i tus  nucleus. In  one 
of the  serial sect ions it was found t h a t  th is  bou ton  also 
con tac t s  a somat ic  spine arising f rom the  same cell 
(Figure lb).  Figure  2 shows t h a t  a small,  e lect ron-dense,  
degenera ted  bou ton  makes  an a symmet r i ca l  synapse  
wi th  a small  dendr i t e  profile in t he  ipsi lateral  media l  
nucleus. I t  is ma rked ly  dense bu t  vesicle-like s t ruc tures  
can still  be recognized. Boutons  exh ib i t ing  the  f i lamen-  
tous  degenera t ion  were also found;  t h e y  were usual ly  
associa ted wi th  the  e lec t ron- lucent  mat r ix ,  b u t  some 
were wi th  the  e lec t ron-dense  mat r ix .  As in Figure 3, a 
large bou ton  conta in ing  m a n y  neurof i l aments  shows a 
s l ight  increase in the  e lectron dens i ty  of the  mat r ix ,  and  

forms asymmet r i ca l  synapses  bo th  on the  shaf t  of the  
dendr i t e  and on a spine arising f rom it. In  addi t ion,  
g lycogen-par t ic le  rich, degenera ted  bou tons  were  fre- 
q u en t l y  observed  on the  per iphera l  dendr i tes  and  
d e n d r i t i c  spines. Al though  glycogen par t ic les  were 
conta ined  in a cer ta in  t ype  of normal  boutons ,  t h e y  
appeared  to be more  numerous  in degenera ted  boutons .  
For  example ,  a spherical  vesicle bouton,  which  forms an 
a symmet r i ca l  synapse  on a dendr i t e  shows an increased 
e lec t ron dens i ty  of the  ma t r i x  and  the  presence  of 
c lus tered glycogen par t ic les  (Figure 4). 

F r o m  the  p resen t  observa t ions  it can be concluded t h a t  
f ibres f rom the  inferior ol ivary complex  t e r m i n a t e  upon  
the  soma ta  of large cells and the  dendr i tes  of cells in t he  
cerebellar  medial ,  in te rpos i tus  and  lateral  nuclei. The 
t e r m i n a t i o n  of OCT fibres could no t  be found on small  
ceils, which were ident i f ied as interneuronsO, because 
t h e y  had  rare ly  axosomat ic  synapses .  The resul ts  of the  
p resen t  s t u d y  are in good ag reemen t  wi th  the  l ight  
microscopic 4 and electrophysiological  findingsT, 1~ t h a t  
suggest  d i rect  connect ions  be tween  the  inferior  ol ivary 
complex  and  the  cerebellar  nuclei. 
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Fig. 2. An electron-dense, degenerated bouton (dB) synapsing (arrow) with a small dendrite (D) in the medial nucleus. Synaptic vesicles are 
still discernible. Side ipsilateral to the lesions in the inferior olivary complex, 4 days postoperatively. • 23,000. 
Fig. 3. A filamentous, degenerated bouton synapsing (arrows) with both on the dendrite shaft (D) and a dendritic spine (Ds) in the interpositus 
nucleus. Cross section of neurofilaments (nf) is seen in the electron-dense matrix with pleomorphic synaptie vesicles (sv). Side eontralateral to 
the lesions in the inferior olivary complex, 4 days postoperatively. • 15,000. 
Fig. 4. A degenerated bouton synapsing (arrow) with a dendrite profile (D) in the lateral nucleus, A number of glycogen particles (gly) are 
seen inside the densified bouton. Side contralateral to the lesions in the inferior olivary complex, 5 days postoperativeIy. X 18,000. 
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Zusammen/assung. E1ektronenopt isch  wird  gezeigt, 
dass bet der  Ka tze  die Bahnen  yon  der  un te ren  Olive zum 
Kle inhi rn  Kol la tera len  besi tzen,  welche an die Klein-  
h i rnkerne  ziehen und sowohl ipsi lateral  als such  kont ra -  

la teral  yon  einer Olive versorgt  werden.  D a m i t  kGnnen 
elektrophysiologische Befunde  sicher in te rp re t i e r t  werden .  

M. IKEDA and M. MATSUSHITA 

9 M..'VIATSUSHITA and N. IWAHORI, Brain Res. 35, 17 (1971). 
10 j .  C. ECCLES, N. H. SABAH and H. Ts Brain Res. 35, 

523 (1971). 

Department o/ Anatomy, Kansai  Medical School, 
Moriguchi, Osaka 570 (Japan), 
8 October ]973. 

Short  T e r m  Effects  of D i m e t h y l n i t r o s a m i n e  and 
on H y d r o l a s e s  of the Rat  

The metabol ic  and biochemical  effects, par t icu lar ly  
those  concerned  wi th  alkylatioi1 of nucleic acid bases, 
caused by  the  admin i s t r a t i on  of d ime thy ln i t ro samine  
(DMN) and m e t h y l m e t h a n e s u l p h o n a t e  (MMS) in experi-  
men ta l  animals  have  been ex tens ive ly  repor ted  in the  
l i te ra ture  1 a. The enzyme sys tems  t h a t  have  been mos t ly  
inves t iga ted  include those  associated wi th  t issue ox ida t ion  
and glycolysis 4-s. The behaviour  of acid hydrolases  is 
less well documen ted  and the  avai lable da t a  ma in ly  deal 
wi th  changes  t h a t  result  f rom admin i s t r a t ion  of e i ther  a 
single le thal  dose or of r epea ted  suble thal  doses over  a 
prolonged periodV, S. Repor t  of acute  effects induced by  
these  a lkyla t ing agents  following a single suble thal  dose 
are scant .  

In  view of the  above, t he  sl-tort t e rm effects of adminis -  
t r a t ion  of single suble thal  doses of DMN and MMS on 
2 hydro ly t i c  enzymes,  name ly  acid phospha t a se  (EC 
3.1.3.2) and  nonspecif ic  esterases (EC 3.1.1.1) were 
inves t iga ted  in the  rat .  These 2 enzymes  were selected 
also because of the i r  known dynamic  na tu re  and respon-  
siveness to changes  in cellular e n v i r o n m e n t  9. 

Materials and methods. 3 groups, each consis t ing of 
10 male adul t  Wis ta r  rats,  were admin i s t e red  single i.p. 
inject ions of DMN (10 mg/kg),  MMS (90 mg/kg) and normal  
saline (control) respect ively.  Liver,  k idney  and tes t is  
ob ta ined  f rom these  animals  a t  72 h were subjec ted  to  
his tochemical ,  e lect rophoret ic  and biochemical  techniques  
for the  s t u d y  of acid phospha t a se  and nonspecif ic  esterases 
as descr ibed previously  9. Rou t ine  histological  s ta in ing 
was also carried out.  

M e t h y l m e t h a n e s u l p h o n a t e  

Results. Scat te red  areas of centr i lobular  necrosis were 
ev iden t  in t he  l iver of 3 DMN- t r ea t ed  rats.  Vascular  
congest ion was present ,  a l though  no f rank  haemor rhages  
were observed.  In  h is tochemica l  p repa ra t ions  these  areas 
appeared  as enzyme deficient  islands. The k idney  and  
tes t is  of the  DMN- and  MMS- t rea ted  ra ts  showed no 
histological  or enzyme his tochemical  changes.  Es te rase  
zymograms  of the  tes t is  in 3 DMN- t r ea t ed  ra ts  showed a 
character is t ic  suppress ion of the  fas tes t  ca thoda l ly  
migra t ing  isozyme wi th  =-naphthy l  bu ty ra t e ,  while in 
the  control  and  MMS prepa ra t ions  th is  b a n d  was promi-  
nent .  No o ther  changes  in acid phospha t a se  of esterase 
zymograms  were noted.  The f indings  are summar ized  in 
Table I. 

Biochemical  assay of b o t h  the  hydrolases  exh ib i t ed  
wider  var ia t ions  in enyzme  levels be tween  the  indiv idual  
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Table I. Morphological and enzymological (acid phosphatase and nonspecific esterases) changes at 72 hours following administration of single 
sublethal doses of DMN and MMS in the liver, kidney and testis of the rat 

Morphology ( H & E), Enzyme histochelnistry Zymogram pattern 
Organs (paraffin sections) (cryostat sections, post-fixed) ( Tris/borie buffer system; pH 7.3) 

Liver Scattered areas of eentrilobular Enzyme deficient islands, Normal 
necrosis and vascular congestion corresponding to necrotic areas, in both 
in three DMN-treated animals acid phosphatase and esterase 

preparations 

Kidney Normal 

Testis Normal 

Normal enzyme distribution 

Normal enzyme distribution 

Normal 

Suppression of the fastest 
cathodally migrating isozyme 
with c~-naphthyl butyrate in three 
DMN-treated animals 

Substrates employed for acid phosphatase were ~-naphthyl phosphate and naphthol AS-MX phosphate with Red Violet LB as the diazonium 
salt. For esterases, r acetate, cr propionate, cr butyrate and naphthol AS acetate were used with Fast Blue BB as 
the diazonium salt. Simultaneous capture technique was employed for the histochemical and electrophoretic studies. 


