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Oxydative Enzymes in Maturing Hippocampus and Cerebellum of Hamsters 

Succinic dehydrogenase  (SDH) and D P N  diaphorase  
(DPN-D) are oxida t ive  enzymes  in the  citric acid cycle 
and  are usually concen t r a t ed  at  the  site of h igh  energy 
p roduc t ion  in the  cell. Biochemical  s tudies  on liver and 
bra in  t issue homogel la tes  have  d e m o n s t r a t e d  t h a t  the  
ma jo r i t y  of oxyda t ive  enzymes  are concen t r a t ed  in the  
mi tochondr i a  1-3. E lec t ron  microscopic and biochemical  
s tudies  on the  cent ra l  nervous  sys t em have  fu r ther  shown 
t h a t  the  p resynap t i c  bo~,ton is charac ter ized  by  numerous  
mi tochondr i a  toge the r  wi th  the  accumula t ion  of pre- 
synap t ic  vesicles 4. According to this  evidence,  histo-  
chemical  s tudies  of oxyda t ive  enzymes  ill the  developing 
bra in  m a y  serve as a measure  of evalua t ion  of the  synap t ic  
ma tu ra t ion .  

M a t e r i a l s  a n d  methods.  One-, 3-, 5-, 7-, 10-, 15-, 17-, 20-, 
30- and  50-day-old golden hams t e r s  were decap i t a t ed  
w i thou t  anesthesia .  Bra ins  were excised immed ia t e ly  and 
frozen by  immers ion  in i sopen tane  at  - -70~ Coronal 
sect ions t h rough  the  in fund ibu lum and sagi t ta l  sect ions 
t h rough  the  t ha l amus  were cut  a t  8 ix on the  cryos ta t .  
SDH and D P N - D  act ivi t ies  were s tudied  h is tochemical ly  
according to the  m e t h o d  descr ibed by  NACHLAS et al. 5, 8, 
using Nitro  BT. Bo th  for SDH and  DPN-D,  the  sect ions 
were incuba ted  in the  respect ive  subs t ra te  solut ions for 
30-60 rain a t  37 ~ Fol lowing incubat ion,  the  slides were 
r insed brief ly in saline, f ixed in formal in  for 10 rain, de- 
h y d r a t e d  by  grading alcohol and mounted .  

Resul t s .  In  the  h ippocampa l  area before 10 days  of age, 
SDH and D P N - D  act ivi t ies  were s t rong in the  s t r a t m n  
pyramida le  (Figure 1). On the  15th day of age, however,  
the  ac t iv i ty  of these enzymes  in the  s t r a t u m  pyramida le  
was cons iderably  reduced,  whereas  in the  s t r a t u m  
lacunosum and moleculare  there  was re la t ively  s t rong 
act iv i ty .  After  20 days  of age SDH and D P N - D  ac t iv i ty  
in the  s t r a t u m  pyramida le  was weakly  demons t r a t ed .  On 
the  contrary ,  the  s t r a t u m  lacunosuln and  moleculare 
were shown to have  in tense  ac t iv i ty  (Figure 2), bu t  the  
ac t iv i ty  of these  enzymes  in the  s t r a t um rad ia tum and 
oriens were very  weak at  any s tage of deve lopment .  

In the  developing cerebellum, s t rong ac t iv i ty  of these 
enzymes  appeared  first  in the  per ikar ia  of Purk in ie  cells. 
Before 10 days  of age, the  future  molecular  layer  was 
occupied a lmost  comple te ly  by  cells of the  ex te rna l  
granular  layer, and the  in ternal  granular  layer  was nar row 
and  scan ty  in cellularity.  SDH and  D P N - D  ac t iv i ty  in 
these  layers was negligible, and was found only in the  
per ikar ia  of the  Purk in je  cells (Figure 3). Be tween  the  
15th and 17th day  of age, the  inner  pa r t  of the  developing 
molecular  layer showed modera t e  enzyme act iv i ty .  By  
day  20 the  cells of t he  ex te rna l  granular  layer  had  
mig ra t ed  inward  to become granule cells and the  mole- 
cular layer  showed s t rong SDH and  D P N - D  act iv i ty .  The 
ac t iv i ty  was s t ronger  in the  deeper  zone t h a n  the  outer.  
I n  the  granular  layer, the  glomeruli  showed intense  
ac t iv i ty  bu t  the  ac t iv i ty  of the  granule cells was negligible 
(Figure 4). 

Disc~ss ion .  Character is t ic  s t ruc tures  in t he  pre- 
synap t i c  endings  are the  synap t ic  vesicles and accumu-  
la ted  mi tochondr ia .  Matu ra t ion  of the  synapse  could 
therefore  be followed by  s tudy ing  the  b iochemical  
act ivi t ies  known to  occur in these  s t ructures .  

In  the  h ippocampus ,  t he  major  pa r t  of t he  py ramida l  
cell dendr i tes  t e rmina t e  in the  na r row zone of t he  s t r a t u m  
lacnosum and moleculare,  where  t h e y  make  synap t ic  
connec t ion  wi th  p re synap t i c  endings  of axons  arising in 
the  cells of the  spheno-occipi ta l  ganglion and subiculum L 
In  the  p resen t  s tudy,  these  res t r ic ted  zones show gradual  
changes  in SDH and  D P N - D  according to the  g rowth  of 

animals.  S t rong  ac t iv i ty  of these  enzymes  at  t he  s t r a t u m  
py ramida l e  of the  younger  animals  m a y  be re la ted  to  high 
concen t ra t ion  of neurons  and  the i r  s t ruc tu ra l  m a t u r a t i o n  
accompanied  by  the  higher  consumpt ion  of energy. 

Af ter  15 days  of age, SDH and D P N - D  increase rap id ly  
in the  glomeruli  and  the  deeper  pa r t  of the  molecular  layer  
to  reach adul t  levels by  20 days  of age. The glomerulus  of 
the  granular  layer  is composed  of mossy  f iber  endings,  the  
dendr i t ic  endings  of granule cells, and the  axon te rmina l s  
of the  Golgi t ype  II  cells 8. The mossy  f iber  endings  are 
large p re synap t i c  bags  conta in ing  masses  of synap t i c  
vesicles and  numerous  mi tochondr i a  9. In  the  deeper  p a r t  
of the  molecular  layer, arborized dendr i tes  of the  baske t  

Fig. 1. Hippocampal area of 7-day-old hamster. The stratum 
pyramidale (p) shows strong SDtt activity. / 25. 

Fig. 2. 20-day-old hamster. The stratum lacunosum and moleculare 
(1 and in) show intense DPN-D activity, whereas the activity in the 
stratum pyramidale (p) is negligible, o, Stratmn oriens; r, stratum 
radiatuln; d, fascia dentata; f, fimbria, x 25. 
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cells, r ecu r ren t  collaterals  of the  Purk in je  cells, g ranular  
cell axons  and  cl imbing f iber  endings increase the  synap t ic  
vo lume  more  t h a n  in the  outer  pa r t  10,11. 

Since S D H  in the  an imal  bra in  appears  to  be mos t  con- 
cen t r a t ed  in the  mi tochondr ia ,  it  is a p p a r e n t  t h a t  ve ry  

s t rong  SDH and  D P N - D  ac t iv i ty  in t he  glomeruli  of t h e  
granular  l ayer  and  the  deeper  pa r t  of the  molecular  layer  
of the  m a t u r e  cerebellum, and  in the  s t r a t u m  lacunosum 
and  moleculare  of t he  h i p p o c a m p u s  is due to  a b u n d a n t  
mi tochondr i a -con ta in ing  synapses  in these  regions. 
S t rong ac t iv i ty  of these  enzymes  in the  Purk in je  cells of 
t i le m a t u r e  b ra in  m a y  be expla ined by  the  numerous  axon  
te rmina ls  of t he  baske t  cells su r rounding  the  cell b o d y  
t e r m i n a t i n g  on the  axon  hillock 1~ 11. 

The deve lopmen t  of t he  synapse  can thus  be eva lua ted  
h i s tochemica l ly  by  d e m o n s t r a t i n g  these  enzymes  in t h e  
developing bra in  12. 

Riassunto. La deidrogenasi  del l ' ac ido succinico (SDH) 
e la diaforasi  d iposforpi r id in-nucleot ide  (DPN-D) h a n n o  
d imons t r a to  a t t iv i t~  in tensa  net  glomeruli  deIo s t r a to  
granulare  cerebellare, nella pa r t e  pih p rofonda  dello 
s t ra to  molecolare e nelle l amine  lacunosa e molecolare  
de l l ' ippocampo.  Tu t t e  ques te  zone sono cara t te r izza te  da 
numerose  connessioni  s inapt iche.  L ' a t t i v i t~  degei enz imi  
oss idant i  in queste  zone a u m e n t a  r a p i d a m e n t e  con la 
cresci ta  degli animali .  
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Fig. 3. Cerebellar cortex of a 10-day-old hamster. Immature 
Purkinje cells (p) show strong DPN-D activity. The external 
granular layer (eg) and the internal granular layer (ig) are weakly 
reactive, • 250. 

Fig. 4. 20-day-old hamster. Perikaria of the Purkinje cell, deeper 
part ol the molecular layer (m) and glomerulus (g) in the granular 
layer show intense DPN-D activity. • 250. 
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I n c r e a s e d  P l a s m a  F i b r i n o g e n  and the Re l ease  of a 
Rat s  

I t  is a c o m m o n  obse rva t ion  t h a t  f ibr inogen is increased 
in pa t i en t s  suffering f rom cancer  1,~. This  h igh  level is 
said to  be the  cause of the  e levated sed imen ta t ion  ra te  
of cancer  pa t i en t s  3. Increased  f ibr inogen levels are also 
found  in acute  and chronic i n f l a m m a t o r y  diseases 4. In  
expe r imen ta l  animals  an e levated  p lasma  f ibr inogen has 
been  descr ibed dur ing  the  g rowth  of a t r a n s p l a n t e d  ra t  
sa rcoma 5 and  the  V2 ca rc inoma of the  r abb i t  6. Sys temat ic  
f ibr inogen de t e rmina t ions  in an imals  bear ing  autoch-  
tonous  t umour s  have,  to  our knowledge,  no t  ye t  been  
publ ished.  

In  our expe r imen ta l  s t u d y  in ra t s  f ibr inogen de te rmina -  
t ions  were made  according to  the  m e t h o d  of RATNOFF and  
MENZlE 7. Blood samples  were t aken  by  aort ic  puncture .  
For  expe r imen ta l  t umours  we used the  Yosh ida  sa rcoma 
and  the  b e n z y p y r e n e  sarcoma.  

For ty - f ive  female ra t s  (Wis tar  s train,  120-150 g) were 
in jec ted  w i t h  10 • l0 s careful ly washed  Yosh ida  asci tes 
sa rcoma  cells into the  upper  thigh.  15 min  and  every  24 h 
a f te r  t he  t u m o u r  cell inject ion,  5 animals  were bled and  
f ibr inogen de t e rmina t ions  were m a d e  over  a per iod of 
8 days.  The resul ts  are shown in Figure  1. There  is a 
con t inuous  rise of the  p l a sma  f ibr inogen level dur ing  the  
8 days  of t u m o u r  growth.  

F i b r i n o g e n  E n h a n c i n g  Fac tor  in T u m o u r - B e a r i n g  

In  30 ra t s  of b o t h  sexes (250-300 g) wi th  b e n z p y r e n e  
sa rcoma the  p lasma  f ibr inogen level was correlated wi th  
the  t u m o u r  volume. The t u mo u r  vo lume was e s t ima ted  by  
measur ing  the  2 major  d iamete r s  of the  t u mo u r  (d I and  
d2) paral lel  to the  surface of the  an imal  and the  grea tes t  
w i d t h  (da) pe rpend icu la r  to  the  surface wi th  a Vernier  
calliper. Based  on the  a s sumpt ion  t h a t  the  t umours  were  
hemiel l ipsoids  the  vo lume was calculated 

V = (4n/3) X (dl/2) X (d2/2) X d3 = 0.5236X dlX d~X d a. 
2 

F ibr inogen  de te rmina t ions  were pe r fo rmed  in t umours  of a 
vo lume f rom 1,197 m m  3 to  80,028 m m  3. Figure  2 demon-  
s t ra tes  the  spread  of the  f ib inogen values  in corre la t ion  
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