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also in t he  frog the  dens i ty  of the  neuro tubules  a t  the  
level of the  spinal  roots  p roved  to  be lower in dorsal  root  
f ibres t han  in vent ra I  root  fibres. However ,  in the  frog 
equal  numbers  of neuro tubules  were found  in mo to r  and 
sensory fibres immedia te ly  dis ta l  to the  spinal  ganglia. 
We  have  now found cons iderably  h igher  tubu la r  densi t ies  
in ra t  saphenous  nerve  fibres t h a n  in MGN fibres of 
comparab le  sizes. This  fact  suggests  an  even more  pro-  
nounced  difference in the  con ten t  of neuro tubules  be tween  
moto r  and sensory f ibres of ra t  per iphera l  nerves,  w i th  
lower va lues  for mo to r  nerve  f ibres t h a n  those  p resen ted  
for MGN in Table I;  for it  has  to be t aken  into account  
t h a t  muscle nerves  like the  MGN conta in  a considerable  
percen tage  of sensory nerve  fibres which  could not  be 
excluded by  our  sampl ing  technique.  

Zusamrne~c/assung. Es ergab sich, dass die Neuro-  
t ubu lusd ich te  in den  Axonen  eines H a u t n e r v e n  (Rat te ,  
N. saphenus)  klar hbher  ist als in gleich dicken Fasern  
eines Muskelnerven  (N. gas t rocnemius  med.).  E in  
wei terer  Befund  leis tet  einen Bei t rag  zt{r Erkl~Lrung dieses 
Gegensatzes:  Die Neuro tubu lusd ich te  in den pe r ipheren  
Neur i ten  prim~irer sensibler  Neurone  u n m i t t e l b a r  dis ta l  
des Spinalganglions (L~) ist  s igni i ikant  h6her  als in den 
zent ra len  Neur i t en  in H6he der H i n t e r w u r z e l  
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Visual Cell Coding: Factoring Dioptric Responses  from Maintained Discharge 

Mainta ined  discharge,  c o m m o n  th roughou t  the  visual 
sys tem,  has tong fasc ina ted  and  f rus t r a t ed  inves t i -  
gators  ~-3. Al though  such ac t iv i ty  is now general ly accepted  
as physiological ,  and indeed vital ,  to the  normal  funct ion  
of t h a t  sensory sys t em (see the  cur ren t  review of LEvlCK ~), 
its very  presence  compl ica tes  t he  decipher ing of t r ans i en t  
even t  signals moving  in those  p a t h w a y s  

Whi le  complex  models  have  been explored for the  
analysis  of ma in t a ined  ac t iv i ty  in the  visual sys tem 5, 
cer ta in  forms of t r ans i en t  in format ion  can at  t imes  be 
ex t rac ted  th rough  very  f u n d a m e n t a l  models,  even in the  
presence  of ve ry  high dens i ty  'noise '  (e.g. 30 spikes/sec or 
more) genera ted  by  the  conduc t ing  neurone.  The relat ive 
success of such reduced fac tor ing models  depends ,  of 
course, on t h e  regular i ty  of t he  ma in ta ined  discharge,  
and is i l lus t ra ted  here in re la t ion to  one of the  mos t  
f u n d a m e n t a l  of t r ans i en t  signals in the  visual  p a t h w a y s :  
the  ongoing assessment  of image focus on the  re t ina  6. 

The responses  ci ted are f rom amongs t  a cumula t ive  
sample  of more  t h a n  300 nero-ones w i th in  t he  r abb i t  
mesencepha lon  and visual  cor tex  now studied.  The 
animals  were ma in t a ined  under  l ight  u re thane  anes thes ia  
(6.0 ml /kg  body  wt.  of a 20% solut ion in saline, a dosage 
level found f rom earl ier  work to be no more  d e t r i m e n t a l  
to  cell responsiveness  t h a n  ' enc@ha le  isol6' techniques) .  
This was supp lemen ted  wi th  3.3 mg /kg  body  wt . /h  of 
gal lamine t r ie th iodide  to p reven t  eye and  body  movement s ,  

1 H. K. HARTLINIs J. cell. comp. Physiol. 5, 229 (1934). 
2 E. D. ADRIAN', J. Physiol., Loud. 91, 66 (1937). 
8 R. GRANIT, Acta physiol, seand. 7, 370 (1941). 
4 W. R. LEVICK, Handbook o] Sensory Physiology (Springer-Verlag, 

New York 1973), vol. 7, part A, p. 575. 
H. B. BARLOW and W. R. LEVlC~, J. Physiol., Loud. 202, 699 
(1969). 

6 R. IVL HILL and H. IKEDA, Arch. Ophthal. 85, 592 (1971). 
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INDUCED RETINAL IMAGE BLUR (Dioptres) 

Responses of a midbrain ceil to a black edge moviug across its receptive field once per sec, integrated over 30 sec periods. The test sets for 
each focal condition were spaced 90 sec apart, their order of presentation being indicated by the numbers next to the points. A) shows the 
actual spike totals recorded, i.e. without correction for maintained activity drift; t3) shows the same data, corrected for maintained activity 
drift (see text} ; and C) shows the maximum case of transient response distortion expected, calculated on the assumption that the data could 
have been collected in the particular order indicated. 
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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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7 R is defined as the specific response to the transient stimulus 
presented (i.e. the moving black edge during a particular focal 
condition), N is the total number of spikes counted during the 
sampling interval (i.e. 30 see here) So is the rate of the maintained 
discharge just previous to starting the stimulus sequence described, 
Q is the number of intervals within which stimulus-response counts 
(one for each focal condition) were made, these intervals all being 
of equal length, t, and evenly distributed in time, and dS  being 
the net increase of the maintained discharge rate over the entire 
experimental period, i.e., from just before the t 1 interval for the 
first focal condition to just following the te interval for the last 
focal condition tested. 

s Rather than a linear drift, some cells do show sufficiently cyclic 
patterns of their maintained discharge that such activity can be 
described, and thus neutralized, using a basic sinusoidal model of 
the form : 

in which A is the sinusoidal amplitude (in spike frequency) and T 
is the sinusoidal period, t here is elapsed time and all other terms 
are defined as previously. 

9 H. SUZUKI and E. IZATO, J. Neurophysiol. 29, 909 (1966). 
10 This work was supported by a grant from the USPHS National 
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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 

J. AXELROD, Science 184, 1341 (1974). 
2 H. WEISSBACn, B. G. REDFIELD and J. AXELROD, Biochim. 

biophys. Aeta d3, 352 (1960). 
8 j.  A. KAFFERS, Z. Zellforsch. 52, 163 (1960). 


