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Morphometr i c  Characterizat ion of Central Mol luscan Neurons  

The cent ra l  neurons  of the  p u l m o n a t e  gas t ropod 
Cryptomphallus aspersa, mainly  the  g iant  ones, have  
been  p roved  to be a useful model  for bo th  neurophy-  
siological ! and morphologicaV purposes .  In  th is  paper,  
th ree  p rob lems  will  be discussed in re la t ion to cent ra l  
neurons  of C. aspersa: the i r  size, the i r  basophi l ia  and 
the  in te r re la t ionsh ip  among  the  types ,  classically describ- 
ed as a p roduc t  of poliploidy.  

The abdomina l  ganglionic mass  of 6 adul t  specimens,  
each of t h e m  of abou t  7 g, were used. The whole nervous  
per iesophagie  r ing was exci zed, p inned  on a cork sheet  and  
p lunged  in to  Carnoy f ixat ive  s for 2 h a t  room tempera tu re .  
They  were then  dehydra ted ,  c leared in te rp ineol  and 
e m b e d d e d  in Parap las t .  F ron ta l  serial sect ions were c u t  
a t  8 [xm and s ta ined  wi th  Gal locyanin-chrome alum 
according to  EINARSON 4, 5 a t  p H  3.4. 

For  each cell t y p e  50 m e a s u r e m e n t s  were t a k e n t  The 
cells to  be measured  were selected by  a r a n d o m  me th o d  
and, since serial sect ions were used, the  necessary  care no t  
to  measure  the  same cell twice was taken.  The max ima l  
and  min imal  d iameters  were de t e rmined  wi th  an ocular 
micromete r .  Af ter  the  calculat ion of the  s ta t i s t ica l ly  
descr ip t ive  pa rame te r s  (mean, s t anda rd  deviat ion,  s tan-  
da rd  error, to ta l  correlat ion coefficient,  etc.), an analysis  
of var iance  for all the  cell t ypes  was performed.  

Figures  a), b) and  c) show neurons  of the  types  conven-  
t ional ly  n a m e d  here A, B and  C, whereas  the  Table I 
shows the  mean  and s t an d a rd  devia t ion  of max ima l  and 
min imal  d iameters  of these  cell types .  Glial cells (Figure g) 
are also included in Table I as t h e y  were s tudied  in 
compar i son  to  the  neuron populat ions .  Table I shows a 
d i s t r ibu t ion  of da t a  in 3 popula t ions  wi th  widely separa ted  
d i ame te r  magni tudes .  The to ta l  correla t ion coefficients 
for b o t h  d iameters ,  t e s t ed  by  a t-test,  were signif icant  
a t  the  10 % level. 

The signif icance of the  difference be tween  d iameters  of 
the  3 neuron types  was t e s t ed  b y  an analysis  of variance,  
of which  the  results  are shown in Table II .  All the  ra t io  
of var iances  ob ta ined  were signif icat ive for,  the  0.1% 
level, and th is  fact  provides  a good s ta t is t ica l  basis for 
the  hypo thes i s  of the  difference be tween  the  mean  maxi -  
mal  d iameters  of these cells. The sizes of C. aspersa giant  
neurons  are compr ized  in t he  range be tween  30 vm 
(Ferrissia shimekii 7) and  800 ~m (Tritonia diomediaS), 
the., l a t te r  be ing the  biggest  neurons  found in molluscs. 
However ,  in no case was s ta t i s t ica l  t r e a t m e n t  ment ioned .  

In  t h e  3 neuron  types,  the  basophi l ia  does occur as a 
f inely par t i cu la ted  mater ia l  which  fills all the  cytoplasm.  
This is in ag reemen t  w i th  classical descr ip t ion  9, whereas  
o ther  au thors  have  repor ted  i rregular  pa tches  similar  to 

Table I. 

Cell type Diameter N J7 Standard 
deviation 

maximal 25 94,2 A minimal 25 67,4 

maximal 25 40,4 B nlinimal 25 33,1 

maximal 25 22,1 
C minimal 25 18,2 

n~aximal 25 6,30 Glial minimal 25 5,03 

21,0 
17,4 

7,9 
8,7 

3,8 
3,2 

1,09 
0,85 

Table II. 

Comparison N F 

A-B-C-Glial 100 280 
A-B 50 143 
B-C 50 109 
C-Glial 50 40 
A-C 50 284 
A-Glial 50 436 
B-Glial 50 454 

a) Type A (giant) neuron, showing in the nucleus (N) 3 distiact 
nucleoli (arrows) and few unstained vacuoles in the cytoplasm 
( • 432). b) Type B neuron ( • 432). c) Type C neuron ( • 432). d) and 
e) 'Chromatolitie' images (• f) Atypical neuron showing 
clumped chromatin ( • 440). g) Glial ceils with dark and clear nuclei 
( x 1930). 
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Table III. 

Comparison D.F. t P 

A-B 48 0,053 >95% 
B-C 48 0,100 >90% 
A-C 48 0,021 >98% 

those  of the  ve r t eb ra t e s  Nissl bodies,  such as in Helix 
pomatia lo and in Lymnaea stagnalis n. In  the  l ight  o f  
cur ren t  knowledge,  t he  in tens i ty  and a r r angemen t  of the  
basophi l ia  ref lect  more  a physiological  s tage t h a n  a 
cons t an t  and conspicuous  feature.  Moreover,  there  is 
evidence t h a t  basophi l ia  seems to have  var ia t ions  in 
correlat ion wi th  the  phasic  periodical  ac t iv i ty  of adduc to r  
muscles  in A nodonta cygnea a2. B y  c y t o p h o t o m e t r i c  
analysis,  it  was also found  t h a t  concen t ra t ion  of cyto-  
p lasmic  R N A  is equ iva len t  to the  to ta l  nucleic acids 
(DNA + RNA) wi th in  the  nucleus 12. Typica l  images  of 
' ch romato lys i s '  were found at  r a n d o m  in the  ganglia 
s tudied,  as is shown in Figures  d) and e) while o thers  
show a typica l  d i s t r ibu t ion  of the  ch roma t in  (Figure f). 
B o t h  ' anomal ies '  d id  no t  exceed 2% of the  neurons.  

Final ly,  ano the r  po in t  to be s t ressed is the  hypothes i s ,  
advanced  by m a n y  au thors  l~- IS, re la ted  to  the  poliploid 
na tu re  of mol luscan  neurons.  As is well known,  the  degree 
of pol ip loidy causes nuclear  (and total) en la rgement  of 
the  cell, and a ra t io  1:2:4 among  the  types  can be expect -  
ed 7. Nuclear  sizes, as well as max ima l  and  min imal  cell 
d iameters ,  were s tudied  re la ted  to th is  ratio,  b u t  since 
these  da t a  show a s ignif icat ive correlat ion,  only  the  
s ta t is t ica l  t r e a t m e n t  for the  max ima l  cell d i ame te r  will 
be given here. This  re la t ionship  was t e s t ed  mak ing  a 
t - tes t  of the  null hypo thes i s  of the  difference be tween  the  
mean  of a given d i ame te r  and  the  mean  of the  o ther  t imes  
the  assumed coefficient  (~i-nNl+~= 0). For  th is  purpose  
the  pooled var iance  was the  same of the  analysis  of 
variance.  All values  ob ta ined  (see Table III)  show t h a t  
the  null  hypo thes i s  canno t  be disproved,  in consequence 
it is possible to assume safely t h a t  these  differences are 
no t  s ignif icant ,  and  the  1:2:4 rat io can be s ta t i s t ica l ly  
proved.  Assuming  a general ized elipsoidal shape  for 
these  neurons,  the i r  vo lumes  were e s t ima ted  in abou t  

3.2 X 104 ~zm 3 for the  t y p e  C, 2 x 10 ~ ~xm a for the  t ype  B 
and  2 • 10 ~ a m  a for the  t ype  A. These da t a  gave a ra t io  
among  the  volumes  of the  t ypes  of 1:6.3:63. 

The presence of a t  least  2 d i f ferent  cell popula t ions  
was repor ted  in Aplys ia  californiea af ter  the  measu remen t  
of the  DNA con ten t  in cent ra l  g iant  neurons,  by  a 
f luorescent  method1% The enormous  a m o u n t  of D N A  
found per  nucleus suggest  t h a t  a p a r t  or all the  genome 
repl icates  m a n y  t i m e s ~ .  The occurrence ot pol iploidy in 
m a m m a l i a n  cent ra l  neurons  has also been repor ted lL  
However ,  no def ini te  conclusions on the  possibi l i ty  of a 
funct ional  s ignif icat ive inc remen t  of the  DNA in such 
neurons  appear  well es tabl ished 18. 

Resumen. Se realiza en la masa  gangl ionar  ventral del 
molusco Cryptomphallus aspersa (Gasteropoda,  Pu lmo-  
nata)  la caracter izaci6n morfologico-estadis t ica  de las 
neuronas  centrales  y c61ulas gliales. Se establece l a  
exis tencia  de t res  t ipos  neuronales,  las caracter is t icas  de 
su basofil ia y la relaci6n ent re  los t ipos,  lo que se discute  
en relaci6n a los hallazgos obtenidos  en otras  especies por  
diversos  autores.  
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S i a l i c  A c i d  i n  H u m a n  C a n c e r  

The rela t ive proportion of the  two main  sialic acids, 
N-ace ty l -neuramin ic  acid (NANA) and N-glycolyl-  
neuramin ic  acid (NGNA), varies cons iderably  in d i f ferent  
m a m m a l i a n  species;  b u t  m a n  seems to  be unique in t h a t  
only NANA has been foundl. In human cancer, quanti- 
tative changes in sialic acid have been reported. Analyses 
of several types of human cancer tissues revealed that 
the area of malignancy contained almost twice as much 
sialic acid as the normal areas of the same tissues2. 

Qualitative changes in sialic acids have been found in 
experimental cancer. Reports have indicated that although 
normal rat liver does not contain NGNA, this form of 
sialic acid was observed in hepatomata induced by the 
feeding of p-dimethylaminobenzene 3 and in several rat 
ascites hepatoma ~. 

These specific chemical changes associated with mali- 
gnancy, and the recent discovery of ~ NGNA 5 in Hela S 3 

cells (a line of cells of h u m a n  cancer  origin) p r o m p t e d  th is  
qua l i ta t ive  and  quan t i t a t i ve  s tudy  of the  sialic acids ill 
h u m a n  cancer  tissue. 

Materials and methods. H u m a n  cancer  t issues were 
ob ta ined  f rom the  autops ies  of cancer  v i c t i m s w h i l e n o r m a l  
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