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wi th  recen t  b ioassay measu remen t s  12,1a. The sl ight ly 
h igher  values ob ta ined  in our expe r imen t s  could be 
expla ined  by  a more  efficient  ex t rac t ion  procedure  ~. As 
seen in Table I I I ,  chronic exercise induces an increase in 
the  to ta l  acetylchol ine  con ten t  of the  hear t .  Also, the  
hea r t  t issue acetylchol ine  concen t ra t ion  as expressed by  
~zg/g is s ignif icant ly  increased in the  exercised animals.  
Very  probably ,  and  as show:: by  HE~RLtCV: et  aI, ~ t he  
increase of the  acetylchol ine  concen t ra t ion  of the  auricles 
is ma in ly  responsible  for these  result.  In  addi t ion,  
EKSTR6M ~ repor ted  recent ly  t h a t  in chronical ly  exercised 
animals,  the  choline acetyl  t ransferase  ac t iv i ty  of the  
auricles was s ignif icant ly  increased.  Al though  the  exis tence 
of acetylchol ine  bound  to the  m y o c a r d i u m  and  inde- 
p e n d e n t  f rom nerve  t e rmina l s  has  been  reportedlY, it is 
t e m p t i n g  to  suggest  t h a t  the  acetylchol ine  increase in the  
hea r t  reflects an increase of the  p a r a s y m p a t h e t i c  ac t iv i ty  
on the  hear t .  W h e t h e r  the  ac t iv i ty  of the  hea r t  in chroni-  
cally exercised an imals  is main ly  inf luenced by  the  
s y m p a t h e t i c  or p a r a s y m p a t h e t i c  sys t em is still  a contro-  
versial  m a t t e r  a-~ 

Rdsumd. Le t a u x  de l ' ace ty lchol ine  du myocarde  a 6t6 
dos6 par  ch roma tograph ic  en phase  gazeuse chez le rat .  
Chez l ' an imaI  exerc4 le t a u x  de l ' ace ty lchol ine  ~tait  plus 
61ev~ que chez son homologue s4dentaire.  
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N e u r o t u b u l e s  : D i f f e r e n t  D e n s i t i e s  in  P e r i p h e r a l  M o t o r  a n d  S e n s o r y  N e r v e  F i b r e s  ~,2 

According to earlier f indings  in mouse sciatic nerve 8, 
which are subs tan t i a l ly  suppor t ed  by  o ther  authors~, 5, a 
general  rule of inverse re la t ionship  be tween  fibre size and  
dens i ty  of neuro tubules  is well es tabl ished.  In  a previous 
paper% evidence was p resen ted  t h a t  - while  the  above-  
men t ioned  rule is fully val id  - the  dens i ty  of neuro tubules  
is s ignif icant ly  higher  in ven t ra l  (motor) root  f ibres t h a n  
in dorsal  (sensory) root  f ibres of comparab le  d iameter .  
The p resen t  inves t iga t ion  is concerned wi th  the  ques t ion 
of whe the r  these  differences in tubu la r  dens i ty  are also 
p re sen t  in mo to r  and  sensory nerve  fibres d is ta l  to the  
spinal  ganglia and par t icu lar ly  in more  d i s t an t  pa r t s  of 
the  per iphera l  nervous  sys tem.  
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Fig. 1. Comparison of the densities of axonal neurotubules in samples 
of small and large nerve fibres of a cutaneous nerve (black bars) and 
a muscle nerve (white bars) of the rat. Ordinate: number of neuro- 
tubules per square micron of axon cross section (NT/txm2); the 
bars give the mean and the standard deviation of the mean. Abscissa : 
position of the bars according to the mean cross sectional area of the 
axons of each sample; axon cross sections in square microns (ACS/i~m 2) 
were determined by planimetry. 

Methods. 3 albino ra ts  (Sprague-Dawley/320-440 g) 
were f ixed by  perfus ion wi th  cacodyla te-buffered  7% 
g lu ta ra ldehyde  under  n e m b u t a l  anaesthesia .  In 2 animals  
the  dorsal  roots  of L~ were excised in connec t ion  wi th  the  
spinal  ganglia, each wi th  a shor t  s t u m p  of t he  spinal  
nerve.  In  a t h i rd  an imal  the  saphenous  nerve  and  the  
nerve  to the  media l  head  of t he  gas t rocnemius  muscle  
(MGN) were t aken  out  as examples  of a typ ica l  cu taneous  
and  a typ ica l  muscular  nerve.  Pos t f ixa t ion  in OSO4; 
embedd ing  in epon;  double  s ta in ing  of u l t r a th in  sect ions 
wi th  uranyl  ace ta te  and  lead c i t ra te ;  Zeiss EM 9S electron 
microscope.  Micrographs  of comple te  nerve f ibre cross 
sect ions were made  at  s t an d a rd  magni f ica t ion  of • 5000; 
for m o r p h o m e t r i c  measu remen t s  p r in t s  a t  • 15,000 were 
used. Samples  of 22-50 large as well as smal l  d i amete r  
nerve  f ibres of each specimen were evaluated.  The 
following pa rame te r s  have  been de t e rmined  and subjec ted  
to s ta t i s t ica l  analys is :  1. area of cross sect ion (ACS) i n .  
Fm 2 (p lan imet ry  of t he  micrographs) ,  and  2. to ta l  count  
of neuro tubules  per  ACS and calculat ion of the i r  dens i ty  
(number  per  btm ~ of ACS). For  s ta t i s t ica l  analysis  the  
S t u d en t  t - test  was applied.  

Resulls and discussion. Nerve  fibres of the  saphenous  
nerve,  a cu taneous  nerve,  were co mp a red  wi th  those  of t he  
MGN, a mixed  muscle nerve  conta in ing  more  t h a n  50% 
of mo to r  nerve  fibres. The dens i ty  of neuro tubules  was 
s ignif icant ly  h igher  in t he  axons  of saphenous  nerve  
fibres as compared  wi th  those  of the  MGN. These differ- 
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Table I. Density of neurotubules in a cutaneous (N. saphenus) and a muscular (N. gastrocnemius med.) nerve branch (animal 3) 
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Small nerve fibers (2.1-3.3 ~xm diameter) Large nerve fibers (5.4-6.7 [zm diameter) 

N. saph. N. gastrocn, med. Significance N. saph. N. gastroen, med. Significance 

Cross sectional area of axon in [zm z (ACS) 

Neurotubules (number/bm~ of ACS) 

50 50 35 35 

3.66:~0.17 4 . 1 6 i 0 . 1 9  ns 15 .07~0 .41  15.544.0.55 ns 

38.22=[_1.37 23.574-0.96 @ + +  21.84=t=0.87 17 .73~0 .63  - k ~ +  

The values give the mean and the standard deviation of the mean. The values of comparable caliber classes of central and peripheral processes 
of spinal sensory neurons were statistically examined by the Student t-test. HS, not  significant; -t-, p < 0.05; -k -t-, p < 0.01; -k -k - a  p < 
0.001. 
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e n c e s  we re  o b s e r v e d  in  l a r g e  d i a m e t e r  n e r v e  f i b r e s  as  wel l  
a s  in  s m a l l  o n e s  (Tab l e  I,  F i g u r e  1). W i t h i n  b o t h  n e r v e s ,  
a c c o r d i n g  t o  t h e  g e n e r a l  ru le ,  t h e  s m a l l  f i b re s  e x h i b i t e d  
h i g h e r  t u b u l a r  d e n s i t i e s  t h a n  t h e  l a r g e  ones .  

H o w  c a n  t h e s e  r e s u l t s  of  h i g h e r  t u b u l a r  d e n s i t y  i n  a 
c u t a n e o u s  n e r v e  t h a n  in  a m u s c l e  n e r v e  be  r e c o n c i l e d  w i t h  
o u r  p r e v i o u s  f i n d i n g s  of  h i g h e r  t u b u l a r  d e n s i t y  in  t h e  
m o t o r  v e n t r a l  r o o t  f i b r e s  as  c o m p a r e d  to  t h e  s e n s o r y  
d o r s a l  o n e s  ~ ? T o  a n s w e r  t h i s  q u e s t i o n  we  e x a m i n e d  
w h e t h e r  t h e r e  is  a d i f f e r e n c e  in  t u b u l a r  d e n s i t y  b e t w e e n  
s e n s o r y  f i b r e s  p r o x i m a l  a n d  i m m e d i a t e l y  d i s t a l  to  t h e  
s p i n a l  g a n g l i o n .  I n  fac t ,  t h e  t u b u l a r  d e n s i t i e s  in  n e r v e  
f i b r e s  o n  b o t h  s i de s  of  t h e  s p i n a l  g a n g l i o n  p r o v e d  t o  b e  
u n e q u a l .  W e  f o u n d  t h e  d e n s i t y  o f  n e u r o t u b u l e s  to  b e  
s i g n i i i c a n t l y  h i g h e r  in  t h e  p e r i p h e r a l  p r o c e s s e s  of  s p i n a l  
g a n g l i o n  cel ls  t h a n  in  t h e  c e n t r a l  o n e s  of  c o m p a r a b l e  
d i a m e t e r  a t  t h e  leve l  of  t h e  d o r s a l  r o o t s  (Tab l e  I I ,  F i g u r e  2). 
T h i s  f a c t  p r o b a b l y  a c c o u n t s  fo r  t h e  i n v e r s  r e l a t i o n s h i p  
of  t h e  t u b u l a r  d e n s i t i e s  in  s e n s o r y  a n d  m o t o r  n e r v e  f ib re s  
b e t w e e n  s p i n a l  r o o t s  a n d  p e r i p h e r a l  n e r v e s .  

I n  a r e c e n t  s t u d y  on  a m p h i b i a n  s p i n a l  n e r v e  fibresV, a 
s i m i l a r  d i f f e r e n c e  of  t u b u l a r  d e n s i t y  b e t w e e n  s e n s o r y  
n e r v e  f i b r e s  p r o x i m a l  a n d  d i s t a l  to  t h e  d o r s a l  r o o t  g a n g l i o n  
w a s  f o u n d .  I n  a g r e e m e n t  w i t h  o u r  f i n d i n g s  in  t h e  r a t  s , 

7 R. S. SMITH, Can. J. Physiol. Pharmac. 51, 798 (1973). 

Fig. 2. Comparison of the densities of axonal neurotubules in samples 
of small and large sensory nerve fibres immediately distal (black 
bars) ar2d proximal (dotted bars) to the spinal ganglion L a of the rat. 
a) Animal 1; b) Animal 2. Ordinate and abscissa as in Figure 1. 

Table II. Density of neurotubules in central and peripheral processes of spinal sensory neurons 

Small spinal sensory fibers 
(3.0-4.5 ~zm diameter) 

Large spinal sensory fibers 
(8.5-10.3 [xm diameter) 

Central Peripheral Significance Central 
processes processes processes 

Peripheral 
processes 

Significance 

Animal 1 (n) 30 30 

Cross sectional area of axon in txme (ACS) 7.24 4- 0.34 9.22 • 0.46 -k § 
Neurotubules (number/~m 2 of ACS) 28.71 4- 1.23 34.83 4" 1.26 -F + 

Animal 2 (n) 29 30 
Cross sectional area of axonin~xm 2 (ACS) 10.62 4" 0.45 9.57 4" 0.60 ns 

Neurotubules (number/[xm e of ACS) 21.91 4- 1.12 33.13 • 1.04 + + + 

22 

35.39 -4- 1.07 

12.71 • 0.43 

31 
33.63 :~ 1.10 

13.33 • 0.64 

22 

34.35 -t- 1.06 

15.16 • 0.60 

29 
35.57 i 1.13 

17.80 • 0.27 

ns  

+ +  

ns  

+ + +  

Cf. Legend to Table I. 
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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  

W. ZENKER, R. MAYR and H. C-RUBER 

2. A natomisches InsHtut der U~ziversitiit Wien, 
Wdhri~r 13, A-7090 Wien (Austria), 
# J u l y  7974. 

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 
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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. 


