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Results and discussion, Tab le  I shows t h e  t y p i c a l  re- 
sul ts  of the  e x p e r i m e n t s  on  t h e  e n z y m e  ac t iv i t i e s  of e ach  
f rac t ion  f rom c h i c k e n  l iver .  T h e  a c t i v i t y  of s e p i a p t e r i n  
reduc tase  is m o s t l y  c o n c e n t r a t e d  in f r ac t i on  1 a n d  on ly  a 
l i t t le  a c t i v i t y  is d e t e c t a b l e  in  f r ac t ion  2. F r a c t i o n  3, 
which is freed f rom Io la te  r e d u c t a s e  as r e p o r t e d  b y  
SILW~.R e t  al. ~, is also d e v o i d  of t h e  a c t i v i t y  of s e p i a p t e r i n  
re=tuctase. These  r e su l t s  a p p a r e n t l y  i n d i c a t e  t h a t  sep ia-  
p te r in  r e d u c t a s e  is d i s t i n g u i s h a b l e  f rom b o t h  fo la te  a n d  

Table I. Comparison of sepiapterin-, folate- and dihydrofolate- 
reductasc activities in enzyme fraction from chicken liver 

I~nzyme Sepiapterin Folate Dihydrofolate 
fraction reductase reductase reductase 

--ZIE4s0" /~gFAH4R --AE340" 

Crude extract 0.148 4.15 0.421 
Fraction 1 0.320 0.47 0.050 
Fraction 2 0.016 13.30 1.190 
Fraction 3 0.000 0.00 0.300 

per mg protein per h. 

Table II. Effect of aminopterin on reductase activities 

Final Sepiapterin Folate Dihydrofotate 
COncentration reductase reductase reduetase 
of aminopterin 

1 × 10-~M 10 100 1o0 
1 x 10-4M l l  100 100 

Nttmbers in columns show % inhibition. 

d i h y d r o f o l a t e  r educ ta se .  The  effect  of a m i n o p t e r i n  on  
s e p i a p t e r i n  r e d u c t a s e  f u r t h e r  s u p p o r t s  t he  a b o v e  conclu-  
sion.  As  a l r eady  k n o w n ,  fo l a t e  a n d  d i h y d r o f o l a t e  r educ-  
t a se  axe c o m p l e t e l y  i n h i b i t e d  by  c o n c e n t r a t i o n  of a m i n o -  
p t e r i n  as  low as 1 × 10-5M, whi le  t h e  i n h i b i t o r y  effect  
of  t h e  d r u g  on  s e p i a p t e r i n  r e d u c t a s e  is on ly  s l ight  e v e n  
a t  t h e  c o n c e n t r a t i o n  of t × 1 0 - 4 M  (Table  I I ) .  

O t h e r  t h a n  insec t  t i s sues  a n d  ch i cken  l iver ,  t h e  a c t i v i t y  
of  s e p i a p t e r i n  r e d u c t a s e  is wide ly  d i s t r i b u t e d  in t h e  l ive r  
of m a m m a l s ,  such  as r a t ,  hog,  r a b b i t ,  ho r se  a n d  oxen.  

On  t h e  b iochemica l  role of s ep iap te r in ,  i t  is i n t e r e s t i n g  
t h a t  t h e  p t e r i d i n e  h a s  h i g h  co fac to r  a c t i v i t y  in  KAUF- 
~AS'S s y s t e m  of p h e n y l a l a n i n e - h y d r o x y l a t i o n  1°. Accord-  
ing to  h im ,  t y ro s ine  f o r m a t i o n  in t h e  p r e sence  of sepia-  
p t e r i n  ~° or d i h y d r o b i o p t e r i n  n is d e p e n d e n t  o n  d i h y d r o -  
fo la te  reduc tase .  The  p r e s e n t  f ind ings  conf l ic t  w i t h  t h e  
idea  t h a t  s e p i a p t e r i n  is r educed  d i r ec t ly  to  t e t r a h y d r o  
level  b y  d i h y d r o f o l a t e  r educ t a se  to  p a r t i c i p a t e  in  t h e  
h y d r o x y l a t i o n  r eac t ion  of pheny l a l an ine .  T h e  b i o c h e m i c a l  
role  of s e p i a p t e r i n  r educ t a se  is c u r r e n t l y  be ing  inves t i -  
g a t e d  a n d  will be  r e p o r t e d  elsewhere.  

Rdsumd. Nous  avons  d d m o n t r d  dans  le foie de  pous s in  
l ' ex i s t ence  d ' u n  f e r m e n t  qui  rddu i t  s p d c i f i q u e m e n t  la  
s6piapt6r ine .  I1 est  capab le  de sdpare r  le f e r m e n t  de rd- 
d u c t a s e  d ' ac ide  fol ique e t  d ' ac ide  d i h y d r o f o l i q u e  apr~s  
p rdc ip i t a t i on  f r ac t i onna i r e  de su l fa t e  d ' a m m o n i u m .  Le 
f e rmen t ,  r dduc t a se  de sdpiapt6r ine ,  se t r o u v e  l a r g e m e n t  
d a n s  les roles des mammif~res ,  te ts  que  ra t ,  cochon,  lap in ,  
c h e v a l  e t  boeuf. 
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M o n o s y n a p t i c  Inh ib i t i on  of the  I n t r a c e r e b e l l a r  
N u c l e i  Induced  f r o m  the Cerebe l lar  C o r t e x  

I n  t he  p r ev ious  r e p o r t  x, i t  has  been  s h o w n  t h a t  in  the  
neu rones  of De i t e r s '  nuc l eus  of t he  ca t  t he  i n h i b i t o r y  
p o s t s y n a p t i c  p o t e n t i a l s  ( I PSPs )  are i nduced  monosynap- 
tically b y  s t i m u l a t i o n  of t he  ce rebe l la r  co r t ex  a t  t h e  an -  
t e r io r  v e r m i a n  p a r t .  I t  was  t h e n  sugges ted  t h a t  t h i s  
i nh ib i t i on  m a y  be  car r ied  b y  t he  long cor t i cofuga l  f ibres  
wh ich  o r ig ina t e  f rom t h e  ce rebe l l a r  co r t ex  a n d  p r o j ec t  
d i rec t ly  o n t o  De i t e r s '  neurones .  I f  t h i s  were  so, t h e  n a t u r e  
of t h e  cerebel Iar  P u r k i n j e  cells would be  specif ied as  in-  
h ib i to ry .  I t  wou ld  follow t h a t  a s imi la r  i n h i b i t i o n  occurs  
a t  a n y  t a r g e t  n e u r o n e s  of t h e  cor t i cofuga l  p ro j ec t i on  
e i t he r  w i t h i n  or  w i t h o u t  t h e  ce rebe l lum ~. In  the  work  to  
be r epor ted ,  th i s  p o s t u l a t e  was  s u b s t a n t i a t e d  b y  t he  i n t r a -  
Cellular r ecord ing  f rom t h e  i n t r ace r ebe l l a r  nuclei  d u r i n g  
S t imula t ion  of the  ce rebe l l a r  cor tex .  

A d u l t  ca ts  were used u n d e r  a n a e s t h e s i a  b y  p e n t o b a r b i -  
tone  sodium.  The  p rocedu re  of d issec t ion  a n d  t h e  exper i -  
m e n t a l  a r r a n g e m e n t  were  t h e  same  as those  emp loyed  for 
the  i n t r ace l l u l a r  r eco rd ing  f rom De i t e r s '  neu rones  ~'3. 
Microe lec t rodes  were i n se r t ed  in to  t he  nucle i  d e n t a t u s ,  

i n t e r p o s i t u s  a n d  fas t igi i  by  way of t h e  p h a r y n g e a l  ap-  
p r o a c h  B. As seen in F igure  A, t h e y  were  r eached  a t  t he  
d e p t h  of 11 to 13 m m  along t r a c k s  w i t h  l a te ra l  angle  of 
- 5  to  35 degrees  ( -  i nd ica t e s  media l ) .  I n  o rder  to  s t i m u -  
l a t e  a n t i d r o m i c a l l y  the  nuclei  i n t e rpos i t u s  a n d  d e n t a t u s ,  
concen t r i c  e lec t rodes  w i t h  the  ou t s ide  d i a m e t e r  of 0.5 m m  
a n d  in te rpo lax  d i s t ance  of 1 to  1.5 m m  were  in se r t ed  
s t e r e o t a x i c a l l y  in to  t h e  red  nuc leus  (RN) a n d  also i n to  
t h e  nuc l eus  v e n t r a l i s  l a t e ra l i s  of t he  t h a l a m u s  (VL), as 
s h o w n  in  F igu re  B. Concen t r i c  e lec t rodes  of t h e  s ame  t y p e  
were  i n s e r t e d  i n to  t h e  a n t e r i o r  lobe of t he  ce rebe l lum 
s t e r eo t ax i ca l l y  1 or  i n t o  t h e  ce rebe l l a r  h e m i s p h e r e  u n d e r  
d i r ec t  v is ion .  I n  the  l a t t e r  case t h r e e  e lec t rodes  were im-  
p l a n t e d  a t  i n t e r v a l s  of 3 to  5 m m  a long  t he  c rus  I I ,  a n d  
t h e i r  i n t e r n a l  poles a t  1 to  1.5 m m  u n d e r  the  cor t ica l  sur-  
face were used as c a t h o d e  a g a i n s t  t he i r  r e spec t ive  ou t s ide  
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tubes  as anode  (Figure A). Square  pulses of du ra t ion  of 
0.08 to  0.2 msec were employed  for s t imula t ion ,  and  the i r  
s t r e n g t h  var ied f rom zero to  30 V. 

W h e n  a microelec t rode  was inser ted  in to  t he  region of 
the  nucleus d e n t a t u s  or in te rpos i tus ,  nega t ive  field po ten -  
tials could be ob ta ined  by  s t imu la t ing  VL (Figure C) or  
R N  (D), and  accordingly,  when  the  e lec t rode  p e n e t r a t e d  
a cell, spike po ten t ia l s  up to  60 m V  in amp l i t ude  were re- 
corded  in t racel lu lar ly  (Figure E ,  F). The so-called g ian t  
extracel lu lar  spike 4 also was of ten  obse rved  (Figure G). 
These in t ra -  and  ext ra-ce l lu lar  spikes  showed  an  inf lect ion 
a t  the i r  r ising phase ,  t h o u g h  n o t  so conspicuous  as in 
spinal  m o t o n e u r o n e  5 or Dei ters '  neurones  3. F r o m  the  
small  values  of t he  l a t ency  for in i t ia t ing  these  spikes 
(around 0.5 msec  f rom RN),  i t  is expec t ed  t h a t  t h e y  are 
induced  an t id romica l ly  by  impulses  fir ing back  along 
axons  a t  a conduc t ion  veloci ty  of a b o u t  20 m/sec.  The  
cells of the  in t racerebe l la r  nuclei were  some t imes  found  to  
be ac t i va t ed  also b y  s t imu la t i ng  the  cerebel lar  co r t ex  
(Figure H). The e x t r e m e l y  sho r t  l a t ency  for th i s  ac t iva-  
t ion (within  0.5 msec) ind ica ted  t h a t  i t  occurred  ant i -  
dromical ly .  This  f inding is cons i s t en t  w i th  t he  sugges t ion  
b y  CARREA, REISSlG, and  METTLER ~ t h a t  t h e  axon  col- 
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Fig. A, a, transverse section of the brain stem and the cerebellum 
through the dentate nucleus, m, track of the microelectrode which 
was left inserted in the tissue after the intracellutar recording, b, 
another section at 1 mm rostral from a. Three concentric electrodes 
(1, 2, and 3) were attached at the level of b. B, showing the ways of 
stimulating the axons and other input sources for dentate neurones, 
p., pens, I.O., inferior olive. C, D, field potentials in the dentate 
nucleus evoked by stimulating V.L. and R. N, respectively. E, F, 
intraceliularly recorded spike potentials in a dentate cell undcr the 
same stimulations as in C and D, respectively. G, H, extracellularly 
recorded spikes of a dentate neurone under stimulation of R.N. and 
the cerebellar cortex, respectively. The dotted line in H indicates 
the field potential change that was recorded in the extracellular 
position. I, IPSP produced in a dentate cell in the experiment of A 
during stimulation at No. 1 electrode. J, upper trace shows the 
sequence of EPSP and IPSP obtained intracellularly in a dentate 
cell during application of current pulses of 0.1 msec duration and of 
intensity of 30 V to the ventral surface of the medulla; Lower trace 
in J is the field potential just outside of the impaled cell which was 
drawn in the upper trace by a dotted line so as to show the net 
transmembrane potential change, K, extracellnlar recording from 
the same neurone of J during stimulation at the ventral surface of 
the medulla. L, the IPSP same as in I. M, same as in L but during 
passage of a hyperpotarizing current of 3.10 -9 A. N, superposed 
tracing of L and M. Explanation is in text. Time scales are all in 
msec and apply in common to C, D, E, F; G, H; J, K; and L, M, N, 
respectively. Voltage scales are common in C and D, in E and F, 

in G and H, in J and K, and in L, M and N, respectively. 

la terals  e x t e n d  up  to  the  cerebel lar  co r t ex  f rom the  intra- 
cerebel lar  nuclei  as the  c l imbing fibres. 

In  the  cells of the  in t racerebe l la r  nuclei  s t imula t ion  of 
the  cerebel lar  co r t ex  a t  an app rop r i a t e  por t ion  induced 
an I P S P  w i t h  a sho r t  l a t ency  of tess t h a n  1 mseC (see 
below). This  h a p p e n e d  in t he  nucleus  d e n t a t u s  only 
dur ing  s t imu la t ion  of the  ipsi la teral  cerebel lar  hemisphere,  
and  in those  of the  nuclei  in te rpos i tus  and  fastigii  under 
s t imula t ion  of the  an te r io r  vermis .  In  the  case of Figure f 
the  cell was sampled  in t he  m o s t  la tera l  region of the  den- 
t a t e  nucleus  and  accord ing ly  the  m o s t  la tera l  cerebellar 
e lec t rode  (No. 1 in F igure  A) alone was  effect ive  in pro- 
duc ing  the  I P S P ,  the  t h re sho ld  va lue  be ing  only  1 V, 
while the  o the r  two  (Nos. 2 and  3 in A) failed even  when 
the  s t imula t ing  vol tage  was increased up to 30 V. Hence 
there  appears  to be regional  co r respondence  be tween  the 
in t racerebe l la r  nuclei  and  the  over ly ing  cerebel lar  cortex 
which  inh ib i t s  t he  former ,  such  as has  been  suggested 
his tological ly for the  cor t icofugal  p ro jec t ion  s. Figure  L 
i l lus t ra tes  the  initial  t ime  course of the  po ten t i a l  chang e 
g iven in I a t  a h igher  ampl i f ica t ion  and  a h igher  sweep 
veloci ty  a n d  Figure  M t h a t  dur ing  app l ica t ion  of a hyper-  
polar iz ing c u r r e n t  t h r o u g h  the  impa led  microelectrode 
wh ich  reversed  the  I P S P  in to  a depolar iz ing  poten t ia l .  As 
s h o w n  in F igure  N, superpos i t ion  of t h e  t races  of L and 
M enables  us to de t e rmine  accura te ly  the  s t a r t i n g  point  
of the  I P S P  (marked  by  an u p w a r d  arrow).  The la tency 
for t he  ] P S P  thus  measured  f rom the  onse t  of the  st imu- 
la t ing pulses  r a n g e d  f rom 0.7 to  0.9 reset .  Obvious ly  these 
I P S P s  occur  m o n o s y n a p t i c a l l y  x. I t  is emphas i zed  tha t  
th is  p r e s u m e d  m o n o s y n a p t i c  I P S P  was  found  in all of 
for ty  cells of the  in t racerebe l la r  nuclei  so far examined,  
t h i r t y  f rom the  nucleus den ta tus ,  six f rom the  nucleus 
in te rpos i tus  and  four  f rom t h e  fast igial  nucleus.  Since 
these  cells receive mass ive  p ro jec t ion  of t h e  sho r t  cortico- 
fugal f ibres 2, t he  p r e s e n t  resul ts  s t r o n g l y  s u p p o r t  the  
view t h a t  t h e  cerebel lar  Pu r k i n j e  cells are  inh ib i to ry  in 
the i r  na ture .  

On the  o the r  hand ,  when  the  v e n t r a l  surface of the 
medul la  and  the  pens  was  s t imu la t ed  wi th  relat ively 
large vo l tages  up  to 30 V (Figure B), I P S P s  appea red  a t  a 
l a t ency  which  has  neve r  been  less t h a n  2.5 msec  (Figure J)" 
I t  is possible t h a t  th is  s t imula t ion  exc i ted  the  cerebellar 
co r t ex  synap t i ca l ly  t h r o u g h  the  cerebel lar  a f fe ren t  fibreS. 
Usual ly  these  de layed  I P S P s  were  p receeded  by  small 
E P S P s  (Figure J) and  the  ceils some t imes  were found to 
fire a t  th is  E P S P  phase  (Figure K). These  facts  indicate  
t h a t  t he  cerebel lar  nuclei  receive e x c i t a t o r y  signals  from 
somewhere  a t  or t h r o u g h  the  b ra in  s t em region.  I t  is then  
conceivable  t h a t  t he  in t racerebe l la r  nuclei  are  reflex 
centres ,  t he  act ivi t ies  of which  are cont ro l led  by  inhibi- 
t ion  f rom the  cerebel lar  Pu rk in j e  cells. 

Rdsumd. Dens  les neurones  des n o y a u x  c6r~belteux des 
en reg i s t r emen t s  intracel lulaires  on t  mont r6  que  la s t imu- 
la t ion du cor t ex  c6r6belleux p e u t  6voquer  les m~meS 
m o n o s y n a p t i q u e s  I P S P  que dans  le noyau  de Deiters .  
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