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even 6 weeks af ter  p inea lec tomy also indicated the  in- 
dependen t  synthesis  of N A S  in this t issue 3. Using P C P A  
t r e a t m e n t  we have  expected  a decrease of N A I  posi t ive  
substance in the  granule layer  of cerebellum. The opposi te  
findings seems to cont rad ic t  the  established effect of 
P C P A  on serotonin synthesis.  However  this paradoxica l  
observa t ion  is no t  unique.  In  7 brain areas P C P A  was 
repor ted  to decrease the  con ten t  of serotonin (range 
31-46%).  On the  o ther  hand in cerebel lum the  serotonin 
was increased by  44% 12. AC-HAJANIAN et  al. 1~ discovered 
t h a t  P C P A  was no t  able to p reven t  the  L- t ryp tophan  
induced increase of serotonin fluorescence of the  neurons 
of the  raphe system, even though  the  region of te rminals  
in the  Iorebrain was subs tant ia l ly  depleted.  I n  1974 
HARVEY and GAL 14 observed no blockade of TR-5-  
OHase  in the  septa l  region af ter  PCPA.  The authors  of 
these two findings offer two different  explanat ions  of our  
unexpec ted  results. AGHAJANIAN et  al. hypothes ized t h a t  
synthesis  of serotonin by  P C P A  is blocked in the  nerve  
te rminals  while in the  per ikaryon of the  neurons the  
serotonin produc t ion  cont inues due to new synthesis  of 
TR-5-OHase .  The  same explana t ion  m a y  hold for granule 
cells. Toge ther  wi th  a feedback response to  deplet ion of 
serotonin synthesis  in the  terminals  of the  granule ceils i t  
could even expla in  an increase of serotonin synthesis in 
the  granule ceils, supplying the  substra te  for increased 

N A S  synthesis. Another  possible explana t ion  is the  
speculat ion of HARVEY and GAL 14 t h a t  a t  least  2 TR-5-  
OHase  exist, one which is blocked by  P C P A  and the  o ther  
which is not. T h i s  explana t ion  does no t  p rovide  any  
reason for increase in NAS.  

The th i rd  possibi l i ty is an as ye t  unknown metabol ic  
p a t h w a y  for N A S  synthesis  which does not  involve TR-5-  
OHase.  Such a p a t h w a y  migh t  involve the  metabol i sm of 
t r yp tophan  to t ryp tamine ,  t hen  to N-ace ty l t ryp tamine  
and f inal ly hydroxy la t ion  to N A S  by  an unident if ied 
reaction.  However  such a p a t h w a y  seems less probable  
in v iew of recent  findings of L. Hs l :  et  al. (personal 
communicat ion) .  They  observed an increase of N-acetyl-  
t ransferase in the  ra t  cerebel lum af ter  PCA t rea tment .  
A l though  this repor t  correlated wi th  our findings i t  does 
no t  help to explain the  mechan ism by  which N A S  is 
synthesized in the  granule layer  of cerebel lum af ter  
PCPA.  We  hope tha t  fur ther  invest igat ions  will  cont r ibute  
to the  solut ion of this  problem. 
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Is  G l u t a m i c  Acid  the P y r a m i d a l  T r a c t  N e u r o t r a n s m i t t e r ?  
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Summary. Applied by  microiontophoresis ,  1-hydroxy-3-amino-pyrrol idone-2 (HA-966) antagonized exc i ta t ion  by  
g lu tamie  acid bu t  no t  by  acetylcholine of neurones in the  ra t  cuneate  nucleus. HA-966 blocked the  short  la tency exci ta-  
t ion of cuneate  neurones following s t imula t ion  of the  py ramida l  t r ac t  on 28 of 40 cells (70%). Thus, g lu tamate  or a 
re la ted amino-acid  m a y  be the  neuro t r ansmi t t e r  released by  pyramida l  t r ac t  neurones. 

The  pyramida l  t rac ts  have  a t  least  two i m p o r t a n t  
physiological  functions.  T h e y  are involved  in the  control  
of fine m o v e m e n t s  of distal  l imb muscles 2, and t h e y  
modula te  the  a m o u n t  of sensory informat ion  reaching 
higher  centres such as the  cerebral  cor tex  3. Ye t  l i t t le  
a t t en t ion  has been paid to the  possible neuro t ransmi t t e r  
released by  the  py ramida l  t r ac t  (PT) neurones.  F r o m  
neurochemical  analyses t h e  t r ansmi t t e r  is unl ikely to be 
acetylchol ine ~, 5 or a mOlloamine such as noradrenal ine  6, 7. 

Studies have  therefore  been carried out  using the  
amino-acid  an tagonis t  1-hydroxy-3-amino-pyrrol idone-2 
(HA-966) to de te rmine  whe ther  an exc i t a to ry  amino-  
acid could be involved.  

Materials and methods. Adul t  male  rats  were anaes- 
thet ised wi th  urethane,  1.25 g/kg. i .p.  and placed on a 
hea t ing  pad to ma in ta in  the  rectal  t empera tu re  a t  
37-38~ The  lef t  cerebral  cor tex  and r ight  cuneate  
nucleus were exposed and then  covered wi th  5% agar  
in saline to reduce pn l sa to ry  movements .  P y r a m i d a l  
t r ac t  fibres were exci ted by  single anodal  pulses of 0.1 
msec dura t ion  applied to the  moto r  or  sensory areas of 
the  cor tex  by  a silver ball  electrode. E v o k e d  spike 
ac t iv i ty  in the  cuneate  was considered to be monosyn-  
ap t ica l ly  induced, and therefore  d i rec t ly  due to PT  
ac t i v i t y  a) if the  spike had a m i n i m u m  la tency not  ex- 
ceeding 5.0 msecS; b) if the  m i n i m u m  spike la tency  did 
no t  v a r y  by  more than  4- 0.2 msec wi th  jus t  threshold 
and 5 • threshold stimuli ,  and c) if the  spike would Iol- 

low 25-100 Hz  s t imula t ion  bu t  no t  more than  100 Hz. 
These cr i ter ia  were in tended to e l iminate  f rom s tudy  any  
polysynapt ica l ly  induced spikes. 

Drugs  were applied to single cells in the  cuneate  
nucleus by  microiontophoresis  using 5-barrelled micro- 
p ipet tes  as described elsewhere",  1~ One barre l  a lways 
conta ined 200 m M  NaC1 solution for current  balancing 
and current  testing% The remaining 4 barrels were filled 
wi th  a selection of: sodium L-glutamate  200 mM,  p H  8.0; 
acetylcholine chloride 200 m M ,  p H  5.0; a t ropine  sulphate  
100 raM, p H  5.0; 1-hydroxy-3-amino-pyrrol idone-2 (HA- 
966) 100 mM,  p H  4.5 in 0.2 N HC1. 

Ext race l lu la r  uni t  ac t iv i ty  was recorded by  a single 
electrode fixed alongside the  mul t ibar re l  assembly 10. 
Spikes were amplif ied in a Fenlow AD55 preamplif ier ,  
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Fig. 1. Records of the fir ing ra te  of a 
cunea te  neurone exci ted  by  g lu tamate ,  
60 nA (G) and acetylcholine,  60 nA (A). 
An ou tward  current  control  of 100 nA 
(Na +) has  noeffeet  on the cell. HA-966, 
40 nA (H) aboIishes the g lu t ama te  ex- 
c i ta t ions  wi thou t  de tec tab ly  affect ing 
the acetylchol ine  responses. Time:  2 
min. 
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Fig. 2. Upper t race:  Record of the fir ing ra te  of a neurone exci ted  by  pulses of g lu tamate ,  60 nA. The responses are grea t ly  reduced by  
HA-966, 40 nA (H), b u t  unaffected by  an ou tward  current  of 100 nA (Na+). Lower  records:  Photographs  of the responses of the neurone 
to ac t iva t ion  of cort icofugal  fibres, t aken  at  the t imes ind ica ted  in the upper  trace.  In  a) is seen an ear ly  monosynap t ic  spike followed 
b y  po lysynap t ic  spikes.  In  b} and e), t aken  when  g lu t ama te  exc i ta t ion  was b locked b y  HA-966, the  ear ly  spike has  also been blocked,  
bu t  the la ter  spikes show t h a t  HA-966 was not  affecting spike height  a t  this  t ime. The ear ly  spike reappears  as the g l u t a m a t e  respoflses 
r eappea r  in d). Outward  current  does no t  affect the cell (e). The spikes in d) and  e) are s l ight ly  smal ler  t han  in a -e  due to m o v e m e n t  
of the eleetrode.  Upper  t race :  t ime 2 rain. Lower  records:  ca l ibra t ions  200 DV and 10 msec. 
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and  passed  t h r o u g h  a pulse s hap i ng  and  c o u n t i n g  uni t .  
A c o n t i n u o u s  record  of cell f i r ing r a t e  was  o b t a i n e d  on  a 
Servoscr ibe  pen  recorder .  T he  spike a c t i v i t y  was also 
m o n i t o r e d  on  T e l e q u i p m e n t  oscilloscopes. 

Results. The  ab i l i t y  of HA-966  to  an t agon ize  amino-  
acid e x c i t a t i o n  was conf i rmed  b y  app ly ing  t he  d rug  w i t h  
an  o u t w a r d  c u r r e n t  of 40-60 n A  to cells in  t he  cunea t e  
nuc leus  wh ich  were exc i t ed  b y  pulses of g l u t a m a t e  l as t ing  
a b o u t  5 sec. HA-966  reduced  g l u t a m a t e  exc i t a t i on  on  
35 cells of 48 t e s t e d  (73%) (Figure  1). Di f f icu l ty  was 
exper i enced  in d e m o n s t r a t i n g  t he  specif ic i ty  of th i s  
a n t a g o n i s m  since no  subs t ances  c o n s i s t e n t l y  exc i te  
c u n e a t e  neu rones  o t h e r  t h a n  amino-ac ids  a n d  some 
che la t ing  agen ts  11. However ,  a few cells (6) were found  
w h i c h  were exci ted  b y  a c e t y l c h o l i n e n ,  12, and  on  all  these  
cells HA-966  p r o v e d  able  to  reduce  g l u t a m a t e  e x c i t a t i o n  
b y  a t  leas t  50% w i t h o u t  a f fec t ing  ace ty lcho l ine  exci ta-  
t ion  to a n y  d e t e c t a b l e  e x t e n t  (Figure 1). 

N[onosynapt ica l ly  evoked  spikes were i nduced  in 40 
of 112 neu rones  s tud ied  in t he  c u n e a t e  nucleus .  All  b u t  
3 of these  un i t s  were e n c o u n t e r e d  600-800 >m below the  
surface  of t he  c u n e a t e  nucleus.  T he  ion tophores i s  of HA-  
966 resu l t ed  in a b lockade  of t h i s  m o n o s y n a p t i c a l l y  
induced  a c t i v i t y  in  28 of t he  40 cells (70%). G l u t a m a t e  
e x c i t a t i o n  was r educed  b y  a t  leas t  50% in all these  ceils 
a t  t he  t i m e  of s y n a p t i c  b lockade  (Figure  2). 11 cells, 
i nc lud ing  t h a t  i l l u s t r a t ed  in F igure  2, showed  po lysyn-  
ap t i ca l ly  i nduced  spikes fol lowing t he  m o n o s y n a p t i c  
spike. The  l a t e r  spikes were una f fec t ed  b y  HA-966,  
i n d i c a t i n g  t h a t  t h i s  a n t a g o n i s t  was  n o t  h a v i n g  a n y  d i rec t  
local  a n a e s t h e t i c  effect  on  t he  cell m e m b r a n e ,  and  was 
n o t  p roduc ing  a genera l ized nonspeci f ic  b lockade  of all  
s y n a p t i c a l l y  i nduced  ac t iv i ty .  A t r o p i n e  was appl ied  to  
6 cells a n d  in none  of these  did  a n y  a p p a r e n t  change  of 
s y n a p t i c a l l y  evoked  a c t i v i t y  resul t .  

Discussion. The  eff icacy and  specif ic i ty  of t he  a n t a g -  
on i sm of aminoac id  e x c i t a t i o n  b y  HA-96613 1~ has  been  
conf i rmed.  

The  poss ib i l i ty  m u s t  be  cons idered  t h a t  b y  s t i m u l a t i n g  
t he  ce rebra l  cor tex  a c t i v i t y  was  be ing  induced  in t h e  
c u n e a t e  nuc leus  over  p a t h w a y s  o t h e r  t h a n  t h e  PT.  This  
is un l ike ly  since i t  h a s  been  shown  t h a t  cor t ica l ly-  
i nduced  exc i t a t i on  of cells in t h e  dorsa l  co lumn  nuclei  is 

abol i shed  b y  sec t ioning  t he  P T  ~6,17. The  PT,  however ,  is 
k n o w n  to  send col la tera ls  to  these  nuclei ,  c apab le  of 
m o n o s y n a p t i c a l l y  a c t i v a t i n g  neu rones  t he re  ~8. 

All  t h e  s h o r t  l a t ency  spikes seen in t h e  p r e sen t  s t u d y  
were e n c o u n t e r e d  re l a t ive ly  deep ly  in t he  c u n e a t e  nucleus.  
A P T  origin for these  spikes is the re fo re  s u p p o r t e d  b y  
a n a t o m i c a l  s tud ies  showing  t h a t  P T  axons  t e r m i n a t e  
p re fe ren t i a l ly  in t he  deeper  layers  of t he  dorsa l  c o l u m n  
nuclei  ~9, 20. 

The  a n t a g o n i s m  b y  HA-966  of s y n a p t i c a l l y  i nduced  
spikes the re fo re  suggests  t h a t  t he  n e u r o t r a n s m i t t e r  re- 
leased b y  axons  of t he  P T  m i g h t  be  a n  e x c i t a t o r y  amino-  
acid, t h o u g h  HA-966  c a n n o t  d i f f e ren t i a t e  b e t w e e n  severa l  
amino-ac ids  such  as g l u t a m a t e ,  a s p a r t a t e  and  DL-homo- 
cys t ea t e  ~8, 15. G l u t a m a t e  is a p a r t i c u l a r l y  s t rong  c a n d i d a t e  
since i t  is p r e sen t  in  h i g h  c o n c e n t r a t i o n s  in t he  dorsa l  
co lumn  nucle i  21, i t  is p r e s e n t  in  s y n a p t o s o m e s  in t he  
ce rebra l  cortex22 and  i t  can  be ' re leased '  a t  t h e  cor t ica l  
surface b y  s t i m u l a t i o n  of some, b u t  no t  all, a f f e ren t  p a t h -  
ways  23. I t  h a s  also been  shown  t h a t  some cor t ica l  neu-  
rones  exci ted  b y  t he  P T  are e x t r e m e l y  sens i t ive  to  t h e  
mic ro ion tophores i s  of g l u t a m a t e  ~~ These  f indings  sug- 
gest  t h a t  g l u t a m a t e  m a y  be  t h e  p y r a m i d a l  t r a c t  neuro -  
t r a n s m i t t e r .  
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L o c o m o t o r y  E n e r g e t i c s  in  a M a r s u p i a l  (Antechinomys spenceri) an d  a R o d e n t  (Notomys alexis) 
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Summary. S t e a d y  s t a t e  oxygen  c o n s u m p t i o n  was c o m p a r e d  in a r o d e n t  Notomys alexis a n d  a m a r s u p i a l  Antechinomys 
spenceri. The  m a r s u p i a l  was  found  to  d iverge  f rom p red ic t ed  e u t h e r i a n  energe t ic  pa t t e rn s .  N. alexis appea r s  to  use 
ene rgy  s torage  as a s ign i f ican t  p a r t  of t he  s tep  cycle before  becoming  bipedal .  Aerobic  scope and  h e a t  s torage  d u r i n g  
r u n n i n g  are s imi la r  in  b o t h  species. 

NIarsupials genera l ly  h a v e  s t a n d a r d  ra t e s  of oxygen  
c o n s u m p t i o n  a b o u t  30% below t h e  p red ic t ed  e n t h e r i a n  
values,  b o d y  t e m p e r a t u r e s  2-3 degrees  lower 2 a n d  res t ing  
h e a r t  r a t e s  a b o u t  ha l f  t h a t  g iven  for e u t h e r i a n  species ~. 
W e  r e p o r t  here  on  a compar i son  in ene rgy  e x p e n d i t u r e  
du r ing  locomot ion  b e t w e e n  a m a r s u p i a l  a n d  a r o d e n t  of 
s imi la r  b o d y  fo rm a n d  weight .  

Materials and methods. R a t e s  of oxygen  cons um pt ion ,  
body  t e m p e r a t u r e ,  s t r ide  l e n g t h  a n d  f r equency  were 
m e a s u r e d  in 2 ind iv idua l s  of t he  ca rn ivo rous  d a s y u r i d  
m a r s u p i a l  Antechinomys spenceri (28.2 g and  31.6 g) a n d  

5 spec imens  of t he  m u r i d  r o d e n t  Notomys alexis (mean 
b o d y  we igh t  27.4 g). B o t h  i n h a b i t  t he  A u s t r a l i a n  desert ,  
occur r ing  s y m p a t r i c M l y  over  p a r t  of t h e i r  range.  T h e y  
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