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in t i t r ab le  ac id i ty  a t  n igh t  m a y  be a t t r i b u t e d  to  more  
accumula t ed  s t a rch  dur ing  the  day  becoming  conve r t ed  
in to  organic acids a t  n igh t  a t  t he  lowering of t e m p e r -  
a ture  4,5,16. 

The h igher  t i t r ab le  ac id i ty  in young  p a r t s  of b o t h  the  
p l an t s  showed  h igher  concen t r a t i on  of organic acids in 
y o u n g  pa r t s  t h a n  the  old and  conf i rms  the  f indings of 
earl ier  workers  *,*,Iv,Is. This  could be due  to  the  reason 
t h a t  t he  young  p a r t s  were  ac t ive ly  associa ted  wi th  the  
g rowth  and  resp i ra t ion  1°,2°. 

Zusammen]assung .  Zwei B a u m a r t e n  der  a r iden  Zone 
zeigen den Crassulaceen-SAurestoffwechsel ,  obwohl  sic 
keine Sukku len ten  sind. Dieser  SXurestoffwechsel  h~ng t  
also yon  der  Anpas sung  an gewisse U m w e l t f a k t o r e n  
(Tempera tur ,  Luf t feucht igke i t )  ab. 
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R e c o v e r y  C y c l e s  o f  P r i m a r y  E v o k e d  P o t e n t i a l s  i n  

Convincing  ev idence  of r ecu r r en t  col la teral  inh ib i t ion  
in sensor imotor  co r t ex  has  r ecen t ly  been  ob ta ined  b y  
s t u d y i n g  the  inh ib i to ry  effects  of an t i d romic  p y r a m i d a l  
t r a c t  s t imula t ion  on p y r a m i d a l  t r a c t  neurons  x,2. P r e su m-  
ably  the  effect  would  be exe r t ed  via  inh ib i to ry  in ter-  
neurons  analogous  to  the  R e n s h a w  cells of t he  spinal  
cord 8. However ,  i t  has  no t  been  possible  to  record  f rom 
single cells in the  cerebra l  cor tex  whose  proper t ies  corre- 
spond  to the  R e n s h a w  cell; t h a t  is, cells which  are m o s t  
ac t ive  dur ing  the  per iod  of inh ib i t ion  1,4. This  no te  
d e m o n s t r a t e s  t he  presence,  in t he  p r i m a r y  evoked  re- 
sponse  of sensor imoto r  cor tex ,  of neura l  ac t iv i ty  which  
m a y  have  been  recorded  f rom such in te rneurons .  

For  a s t u d y  of t he  effects  of sleep on evoked somato-  
sensory  ac t iv i ty ,  ca ts  were  p r epa red  wi th  chronic  elec- 
t rodes  unde r  p e n t o b a r b i t a l  anes thes ia  5. S t imu la t ing  elec- 
t rodes  in or a d j a c e n t  to  n. ven t ra l i s  pos tero la tera l i s  were  
p laced  s te reo tax ica l ly  6 and  the i r  locat ion la te r  verif ied 
in K1/iver-stained sections.  The  resul t ing  evoked  ac t iv i ty  
was recorded  by  small  screws in skull over ly ing  p r i m a r y  
somat ic  cor tex,  d i sp layed  on an oscilloscope and  pho t o -  
g r a p h e d  wi th  a k y m o g r a p h  camera .  The e lec t roencephalo-  
gram,  eye m o v e m e n t s ,  and  neck  muscle  a c t i v i t y  were  
recorded  e lec t rographica l ly  to  de t e rmine  phase  of sleep. 
Record ing  was  begun  several  days  pos topera t ive ly .  
E v o k e d  ac t iv i ty  r e l evan t  to  t he  p r e sen t  s t u d y  was  large 
enough  to  measure  a d e q u a t e l y  in 3 of 6 an imals  s tudied.  

F igure  A shows t h e  evoked  response  recorded  in these  
expe r imen t s .  The var ious  waves  of t he  response  are  
n u m b e r e d  fol lowing the  c o n v e n t i o n  used for the  visual  
co r t ex  responseT,S; several  l ines of evidence  show t h a t  
visual  and  somat ic  responses  are equ iva len t  5,9,4°. F igure  
C shows the  recovery  cycle of waves  2 and  4 when  con- 
d i t ion ing  and  t e s t  s t imul i  were g iven a t  t he  in te rva l s  
shown.  W a v e  1, t he  a f fe ren t  r ad ia t ion  volley, was fully 
recovered  a t  an in te rva l  of 5 msec and  showed  no change  
in a m p l i t u d e  at  longer  in tervals .  Recove ry  of waves  3 
and  5 was similar  to  t h a t  of wave  4. W a v e  4 showed an 
ear ly  peak  of recovery  a t  6 msec fol lowed by  a phase  of 
inh ib i t ion  las t ing a b o u t  200 msec.  The  inh ib i to ry  phase  
was i n t e r r u p t e d  by  a faci l i tory peak  a t  30-50 msec.  The  
t ime  course of inhib i t ion  was ve ry  s imilar  to  t he  r ecu r r en t  

Cat  S e n s o r i m o t o r  Cor tex  

col la teral  inh ib i t ion  of p y r a m i d a l  t r a c t  cells 1,2, which  also 
show a peak  of fac i l i ta t ion a t  a b o u t  40 msecL  Thus  i t  is 
reasonable  to  assume t h a t  the  inh ib i t ion  shown in t he  
Figure  is due a t  leas t  in p a r t  to  r ecu r ren t  col lateral  in- 
h ibi t ion.  

In  cont ras t ,  an increased exc i t ab i l i ty  of wave  2 mir rors  
fair ly well t h e  inh ib i t ion  of wave  4 (Figure ]3, C). Dur ing  
waking  (W) a ma x i ma l  inh ib i t ion  of wave  4 was associa ted  
wi th  a m a x i m a l  e n h a n c e m e n t  of wave  2; dur ing  's low 
wave '  sleep (SS) and  ' r ap id '  or ' r h o mb e n c e p h a l i c '  s leep 
(RS) decreased  inh ib i t ion  of wave  4 was  associa ted  wi th  
decreased  e n h a n c e m e n t  of wave  2. F u r t h e r m o r e ,  in t e s t  
responses  a t  a given in t e r s t imulus  in te rva l  t he re  was  a 
good corre la t ion  b e t w e e n  e n h a n c e m e n t  of wave  2 and  
depress ion  of wave  4. Since wave  2 is m a x i m a l l y  exc i tab le  
dur ing  the  per iod of m a x i m a l  depress ion  of waves  3-5, i t  
is p roposed  t h a t  wave  2 is t he  s u m m a t e d  ac t iv i ty  of 
in t e rneurons  on the  p a t h w a y  for r ecu r r en t  col la teral  in- 
hibi t ion.  

The peak  l a t ency  of wave  2 is a b o u t  1.0 msec,  or abou t  
0.6 msec af ter  the  arr ival  of t h e  a f fe ren t  volley.  I t  is there -  
fore p r o b a b l y  evoked  mo n o s y n a p t i c a l l y  b y  the  a f fe ren t  
volley. T h a t  t he  p r e s u m e d  in t e rneu rons  on  the  r ecu r ren t  
p a t h w a y  are ac t i va t ed  m o n o s y n a p t i c a l l y  by  the  r ad ia t ion  
vol ley m i g h t  be e x p e c t e d  f rom the  fac t  t h a t  t he  specific 
t ha l amic  af ferents  end  ma in ly  a m o n g  ' s te l la te '  cells, 
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Interstimulus ifl~rval 

(A) evoked potential in cat sensorimotor 
cortex (lateral postcruciate gyrus) to stimu- 
lation of thalamocortical afferents. Recording 
is monopolar, positivity upward. The various 
waves of the response are numbered and 
measured as shown. Calibrations: 2 mscc, 
0.2 mV. (B) conditioning (upper) and test 
responses at an interstimulus interval (40 
msee) illustrating test response enhancement 
of wave 2 and almost complete suppression 
of waves 3-5. Conditioning and test stimuli 
were identical 0.1 msec pulses of submaximal 
intensity. (C) recovery cycle of waves 2 and 
4, same experiment as in (B). Recovery is 
plotted as the ratio of test to conditioning 
response amplitude. 

which  are  p laced  advan t ageous ly  to receive axon  col- 
la terals  of p y r a m i d a l  cells 11,12. 

The  a s s u m p t i o n  t h a t  wave  2 r ep resen t s  p o s t s y n a p t i c  
ac t iv i ty  of cort ical  e l ement s  is open  to  ques t ion .  Whi le  
some workers  bel ieve the  response  to  be of p o s t s y n a p t i c  
origin, o thers  regard  i t  as an  a f fe ren t  vol ley of f ibers 
smal ler  t h a n  those  genera t ing  wave  1 s. I n  add i t ion  to  the  
evidence t h a t  wave  2 m a y  be cons iderab ly  modif ied  b y  a 
condi t ion ing  s t imulus  (Figure),  i ts  amp l i t ude  was found  
to be  s igni f icant ly  larger  dur ing  SS t h a n  dur ing  \ ¥  or 
R S  13. These  resul ts  sugges t  t h a t  wave  2 consists  a t  least  
in p a r t  of p o s t s y n a p t i c  ac t iv i ty  of in t racor t i ca l  e lements .  

The  resul ts  of t he  F igure  have  been  observed  in 2 o the r  
animals ,  b u t  in m o s t  an imals  wave  2 is no t  large enough  
to  measure  a d e q u a t e l y  5. However ,  s imilar  resul ts  have  
been  r e p o r t e d  for t he  visual  co r t ex  recovery  cycle of 
waves  2 and  47. These  workers  were caut ious  in in ter-  
p re t ing  the  increase in wave  2 ampl i tude ,  concluding  t h a t  
i t  m i g h t  be secondary  to  changes  in w a v e  3. W a v e  2 
usual ly  appear s  as an inf lect ion or n o t c h  on the  rising 
phase  of wave  3 (Figure B) and  m i g h t  show an a p p a r e n t  
increase s econda ry  to  increase of wave  3. B u t  dur ing  
recovery  wave  2 increased concur ren t ly  wi th  t he  decrease  
of wave  3 (Figure B, C). I t  nmy  thus  be conc luded  t h a t  
t he  increase of wave  2 following a condi t ion ing  s t imulus  
is a val id  ind ica to r  of increased exc i tab i l i ty  in t he  neural  
e l ement s  gene ra t ing  the  response.  

On the  basis  of evoked response  and ana tomica l  
evidence,  BisHoP and  CLARE 14 concluded t h a t  wave  2 is 
due to a c t i v i t y  of Golgi t y p e  II  cells which  r ami fy  abou t  
the  somas  of p y r a m i d a l  cells to  p roduce  exc i ta t ion  of the  
la t ter .  The scheme  p roposed  here  is s imilar  excep t  t h a t  
inh ib i t ion  of p y r a m i d a l  cells is assumed.  Inh ib i t ion  
appears  equal ly  plausible  in l ight  of s tudies  showing re- 
cu r r en t  col la teral  inh ib i t ion  by  in t e rneu rons  synaps ing  on 
the  soma of t h e  inh ib i t ed  cell a . 

The  r a n d o m  or i en ta t ion  of Golgi t y p e  I I  cells m a y  
accoun t  for the  smal l  amp l i t ude  of wave  214 while o the r  
d a t a  sugges t  t h a t  such cells are s c a n t y  n .  The  l a t t e r  
f ind ing  m i g h t  expla in  w h y  ac t iv i ty  f rom this  popu la t ion  
of cells has  no t  been  recorded  wi th  microe lec t rodes  1,4,1~. 

Rdsumd. Quoiqu 'une  inh ib i t ion  r f c u r r e n t e  se pr~sente  
duns le cor tex  sensor imoteur  du chat ,  il n ' a  pus 6t6 
possible  d ' en reg i s t r e r  l ' ac t iv i t6  uni ta i re  des neurones  in- 
tercala i res  de la vole r6currente .  Duns les exp6riences 
d~crites ici, l ' onde  2 du po ten t i e l  soma t ique  pr imai re  
6voqu6 par  la s t imu la t ion  des fibres tha lamo-cor t ica les ,  
m o n t r a i t  un  acc ro i s sement  marqu6  apr~s s t imula t ion  
c o n d i t i o n n a n t e ;  s i m u l t a n 6 m e n t  il se produisa i t  une in- 
h ib i t ion  des ondes  t a rd ives  du potent ie l .  Donc  l 'onde  2 
peu t  ~tre due  aux neurones  intercalaires  inhib i teurs  
act iv6s d u r a n t  la phase  d ' inhib i t ion:  
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