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the  an imal  be ing art if icial ly resp i ra ted  dur ing t h a t  
period.  

The animals  were suppor t ed  s tereotaxical ly ,  t he  s t imu-  
la ted eye in each case being ref rac ted  and f i t t ed  wi th  a 
con tac t  lens to p ro t ec t  t he  cornea f rom dry ing  and  to  
br ing  the  re t ina  in to  conjugacy wi th  the  57 cm d i s t an t  
t e s t ing  plane.  Stainless  steel micro-elect rodes  were 
in t roduced  into the  visual  cor tex  and superior  collieulus 
t h rough  an agar  sealed skull aper ture .  

Once localized in visual  space, the  recep t ive  field of 
each cell was m a p p e d  t h rough  the  neut ra l iz ing  ref rac t ive  
correct ion for t h a t  axis in space, using the  mos t  c o m m o n l y  
op t ima l  s t imulus  condi t ions  (a f lashing 1 sec on, i sec off, 
1/2~ diameter ,  4.1 cd /m 2 l ight  spot  agains t  a 0.03 cd /m ~ 
background) .  Occasionally,  when  as descr ibed in these  
results,  a cell r e sponded  bes t  to  o ther  s t imuli ,  e.g., 
m o v e m e n t  of a black edge aga ins t  an 8 cd /m 2 background,  
those more  op t ima l  s t imul i  were used to  m a p  the  field. 
The recept ive  field was then  r ep lo t t ed  for each of a series 
of spherical  (plus power  to  induce myopia ;  minus  power  
to induce hyperopia)  ref rac t ive  errors by  center ing  the  
inducing lenses on the  recept ive  field axis. 

Record ing  sites were la ter  conf i rmed by  Pruss ian  blue 
marks  localized in frozen sect ions made  of each brain.  

The Figure  shows, for a phot ica l ly  responsive  midbra in  
cell (in t he  s t r a t u m  op t i cum of the  superior  colliculus), 
spike to ta ls  in t eg ra ted  over  30 sec per iods  dur ing  which  
t ime a black edge was passed  t h rough  i ts  recept ive  field 
f rom a l t e rna te  d i rec t ions  once each second a t  the  cell 's 
o p t i m u m  response  veloci ty  of 12~ Figure A shows the  
actual  spike to ta ls  resul t ing f rom this  s t imulus  procedure  
as t h e y  were recorded over  a wide range of eye focus 
condit ions.  Figure  B shows this  same data ,  af ter  the  
ma in t a ined  discharge of the  cell was l inearly corrected 
for dr i f t  (i.e. based on the  spike to ta ls  over  30 sec in tervals  
w i thou t  the  moving  edge present) ,  using the  following 
model  7 : 

Figure C represen ts  t he  m a x i m u m  case (calcuIated by  the  
model  above) of t r ans i en t  response  d i s to r t ion  due to the  
m a i n t a i n e d  ac t iv i ty  dr i f t  of th is  cell, which could have  
resul ted  f rom tak ing  the  da t a  in the  par t i cu la r  sequence 
ind ica ted  in the  Figure.  

The f u n d a m e n t a l  a s sumpt ion  where  such a correct ion 
model  is appl ied is, of course, t h a t  l inear i ty  of the  main-  
t a ined  ac t iv i ty  dr i f t  is essent ia l ly  cons t an t  over  the  
t es t ing  per iod encompassed  s. In  the  case of the  par t i cu la r  
cell i l lus t ra ted  in the  Figure,  one tes t  appl ied was to 
r epea t  t he  first  focal condi t ion  (i.e. perfec t  sharpness  of 
the  re t ina l  image) once again a t  t he  end of the  ent i re  
focal series. As can be seen in Figure  B, the  cons is tency  
of the  corrected response  (using the  l inear model) was 

wi th in  2% of the  original response  to t h a t  condi t ion  
measured  12 mill previously.  This was so, even t h o u g h  the  
ma in t a ined  background  ac t iv i ty  had  increased by  more  
t h a n  50% over t h a t  same per iod of t ime,  f rom 22 up to  
34 spikes/sec.  

Two conclusions migh t  t hen  be suppor t ed  f rom these 
observa t ions  : first,  t h a t  the  gain funct ions  of the  t r ans i en t  
signal ac t iv i ty  and of the  background  ac t iv i ty  need no t  be 
r igidly t ied  9, and second, t h a t  t he  'analyzer(s) '  of to ta l  
spike act iv i ty ,  mak ing  up such a channel  as descr ibed 
here, m a y  well be doing a similar  k ind  of correct ion 
(linear, s inusoidal  or of some o ther  more  complex  form) in 
order  to  preserve  the  quan t i t a t i ve  in tegr i ty  of the  t r ans i en t  
signal code. Such a correct ion however  would seem to 
require,  as here, a close compara t ive  cognizance of b o t h  
signal and  ma in t a ined  ac t iv i ty  a t  any  par t icu lar  t ime.  

Zusammen/assung. Die Iokalen Reak t ionen  der  pho-  
t i schen  Zellen auf durchgehende  Anregungen  erwiesen 
sich als q u a n t i t a t i v  gleichm~ssig, dies sogar bei wechselnd 
gehal tener  AktivitS.t. 
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Pineal Body: Neuronal Recording 

In  recen t  years  in te res t  in the  pineal  body  (PB) has 
increased considerably.  The P B  has now been shown to  be 
an endocr ine  control l ing organ 1. I t  is l ikely t h a t  it  
controls  t he  per iphera l  organs of in te rna l  secret ion by  a 
mechan i sm which  involves  the  convers ion of 5HT 
(serotonin) to me la ton in  2. 

Histological  and electron microscopic  (EM) s tudies  on 
the  cy toa rch i t ec tu re  of the  PB  are controversial .  KAPPERS 3 
repor ted  t h a t  in t he  rat ,  the  ma jo r i t y  of nerve  fibres 

en te r  b i la tera l ly  f rom the  super ior  cervical ganglia via 
the  nervi  conarii ,  while only a b b e r a n t  f ibres were observed  
coursing up the  ep iphysea t  stalk. However ,  in o ther  
m a m m a l s  def ini te  habenu la r  innerva t ion  has been 
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d e m o n s t r a t e d  a. WOLFE 5 r epo r t ed  t h a t  t he  p r e d o m i n a n t  
(90%) t y p e  of cell in  r a t  P B  is p a r e n c h y m a l  g l andu la r  
(pinealocyte) .  WURTMAN et  al. 6 d e m o n s t r a t e d  in  severa l  
m a m m a l s  synap t i c  processes  and  PELLEGRINO DE 
IRALIDI et  al.V r epo r t ed  t h a t  t he  P B  has  a n  o r t h o s y m -  
p a t h e t i c  i n n e r v a t i o n  coming  b i l a t e ra l ly  f rom t he  super ior  
cervical  gangl ia  v ia  t h e  t r a n s v e r s e  sinus.  Nerve  f ibres  
m a i n l y  follow the  pe r ivascu la r  space and  end  free, a r o u n d  
t h e  capi l lar ies  or in loose associa t ion  w i t h  t he  pineato-  
cy tes  7. 

Desp i te  m a n y  cytological ,  neu rochemica l  and  neuro-  
pha rmaco log ica l  s tudies ,  t he re  are on ly  a few s tudies  
concern ing  t he  e lec t rophys io logica l  p roper t i e s  of th i s  
s t ruc tu re ,  two  on E E G  ac t iv i t i e s  s,9 and  one on  field 
p o t e n t i a l s  x0. Since n e u r o n a l  e l ement s  were observed  
e lec t ron  microscopica l ly  in  rat. PB,  in i t ia l  a t t e m p t s  were 
m a d e  to record  t h e  s p o n t a n e o u s  a c t i v i t y  f rom single 
n e u r o n a l  un i t s  b y  us ing  microe lec t rodes  t echn ique .  

The  e lec t rophys io logica l  e x p e r i m e n t s  were carr ied ou t  
us ing  30 H o l t z m a n  male  r a t s  weighing  250-350 g. The  
r a t s  were anes the t i z ed  w i t h  u r e t h a n  (1.2 g/kg) a n d  secured 
in a s t e reo tax ic  i n s t r u m e n t .  Glass  m i c r o p i p e t t e s  (10-30 
MD) a n d  n i ch rome  semimicroe lec t rodes  of 50 ~m (60-80 K) 
in d i a m e t e r  were used to record  the  s p o n t a n e o u s  u n i t  
ac t iv i t i e s  ~z. The  e lect rodes  were a t t a c h e d  to a hyd rau l i c  
mic rodr ive  wh ich  p e r m i t t e d  p e n e t r a t i o n  in i n c r e m e n t s  of 
1 ~xm. The  P B  was surgica l ly  exposed,  and  t he  e lectrodes  
were p laced b y  d i rec t  obse rva t ion .  Spike discharges  
were ampl i f ied  b y  Grass  P51 t AC preampl i f ie r ,  m o n i t o r e d  
on T e k t r o n i x  s torage  oscil loscope and  were recorded  on  a 
m a g n e t i c  t ape  recorder .  Only  in t he  f i rs t  200 tzm below 
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Fig. 1. Spontaneous unit activity recorded from pineal body : A and B 
glass micropipettes, the arrows indicate neuronal spike activity; 
C and D recording with semi-microelcetrodes (50 ~xm). 

the  surface was i t  poss ible  to  observe  spike  a c t i v i t y  
(Figure  1). 

W h e n  m i c r o p i p e t t e  e lec t rodes  were used, t h e  spike  
d ischarges  were a c c o m p a n i e d  b y  h i g h  vol tage,  long 
d u r a t i o n  waves  (Figure  1, A a n d  B). However ,  w h e n  50 ,urn 
e lect rodes  were used for recording,  on ly  spike a c t i v i t y  
was  obse rved  w i t h o u t  t he  o the r  waves  (Figure  1, C and  D). 
No more  d ischarges  were observed  b y  a d v a n c i n g  t he  
electrodes.  U p o n  a p p r o a c h i n g  t h e  infer ior  surface  of the  
pineal ,  however ,  t he  base  l ine b e c a m e  more  no i sy  a n d  
uns tab le ,  i r regula r  spikes of low a m p l i t u d e  (40-80 ~V) 
a n d  long d u r a t i o n  (3-5 msec) appeared .  W h e n  the  elec- 
t rodes  were a d v a n c e d  f u r t h e r  a n d  r eached  the  colliculi, 
t h e  base  l ine a c t i v i t y  changed  a n d  became  less noisy  a n d  
clear spikes (rat io to  noise) b e c a m e  evident .  

W h e n  a s t ab le  spike  was de tec ted ,  t h e  s p o n t a n e o u s  
a c t i v i t y  du r ing  210 sec was recorded  and  t h e n  var ie t i e s  of 
i n p u t  (Phot ic  [210 sec of c o n s t a n t  i l l u m i n a t i o n  p rov ided  
b y  surgical  l a m p  1.5 m f rom the  an imal ] ,  Amyg,  M F B  and  
H a b  s t i m u l a t i o n  [200 r epe t i t i ve  square  wave  pulses of 
0.2 msec d u r a t i o n  eve ry  1.1 see a t  3-5  V] were tes ted) .  
The  ave rage  s p o n t a n e o u s  f i r ing  r a t e  for  43 un i t s  is 
s u m m a r i z e d  in F igure  2. F r o m  t h e  d i s t r i b u t i o n  of t he  
f r equency  h i s t o g r a m  (Figure  2), i t  seems t h a t  t h e  n e u r o n a l  
d ischarges  exh ib i t ed  a wide  range  of f i r ing  ra tes ,  of 
wh ich  t he  g rea tes t  p r o p o r t i o n  d e m o n s t r a t e d  a low fre- 
quency.  The  respons iveness  to  t he  va r ious  moda l i t i e s  
of s t i m u l a t i o n  was h igh  (70-80%).  Amyg,  H a b  and  M F B  
s t i m u l a t i o n  resu l ted  in  a p p r o x i m a t e l y  z/~ t he  respons ive  
un i t s  increas ing  t h e i r  f i r ing  r a t e  and  ~/2 decreas ing  t h e i r  
f i r ing  ra te ,  while pho t i c  s t i m u l a t i o n  resu l ted  in 3/4 of t he  
un i t s  increas ing  t h e i r  f i r ing  ra te .  I n  conclusion,  t he  pres-  
en t  s tud ies  h a v e  b e e n  able  to  d e m o n s t r a t e  for t h e  f i rs t  
t i m e  t h a t  t he  P B  exh ib i t s  s p o n t a n e o u s  spike d ischarges  
which  could ind ica t e  t he  ex is tence  of severa l  f unc t iona l  
n e u r o n a l  d e m e n t s .  Moreover ,  these  s p o n t a n e o u s  ac t iv i t i e s  
were a l t e red  w h e n  a v a r i e t y  of i npu t s  were used. The  
p r e sen t  e x p e r i m e n t  also suppor t s  t h e  n e u r o p h a r m a c o -  
logical  s tud ies  wh ich  ind ica t e  t h a t  t he  Pt~ has  neuro-  
t r a n s m i t t e r  ac t iv i t i e s  1~-1~ 

Zusammen/assung.  I m  corpus  p inea le  de r  R a t t e  k o n n t e  
bis  zu einer  Tiefe yon  200 ~m s p o n t a n e  A k t i v i t ~ t  e inzelner  
neu rona l e r  E l e m e n t e  nachgewiesen  werden.  Diese reagier-  
t en  auf  P h o t o s t i m u l a t i o n ,  S t i m u l a t i o n  der  H a b e n n l a  u n d  
des Fasc icu lus  medial is .  
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Fig. 2. Frequency histogram of the average firing rates (spikes/see) 
of 43 units recorded from the PB. 
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