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Introduction 

One of the characteristics of nerve cells is their poor adaptabil i ty to variations 
in the environmental conditions. This is reflected in the properties which have 
led to their inclusion in BlzzozERo's class of "perennial elements" (i.e., early 
cessation of mitotic activity setting a fixed limit to the number  of cells, early 
and irreversible differentiation, limited power of regeneration) and is also demon- 
strated by a series of other aspects, particularly apparent  in the nerve cells 
of the central nervous system: e.g., much greater sensitivity to oxygen deficiency 
than tha t  of other cell lines, occurrence of degenerative processes after section 
of the axon or interruption of the afferent connections (transneuronal degen- 
eration), etc. 

However, some types of neurons, namely those connected directly with the 
periphery (motor neurons and nerve cells of the sensory ganglia), show a greater 
capacity for self-regulation and adaptation,  as evidenced by their reaction to 
axon division. This lesion, which deprives the neuron of a part  of its cytoplasm 
and interrupts its connections with the peripheral field of innervation, is followed 
nearly always, in the mentioned types of nerve cells, by  regeneration of the 
proximal s tump of the axon. Besides, when the axon is severed and simul- 
taneously its peripheral field of innervation is removed, the successive regener- 
ation of the axon and of the peripheral terri tory appear strictly correlated the 
one with the other; therefore, the neuron undergoes hyper t rophy when the 
peripheral field of innervation is increased. 

The structural modifications occurring in the perikaryon after sectioning of 
the axon, have been studied extensively by light microscopy since the last decade 
of the past  century (NIssL, 1892, 1894, 1896; LuGA~O, 1896, 1897; MARINESCO, 
1896, 1904; FLEMMING, 1897; VAN G]~UCHTE~, 1897; BI]~LSC~OWSKu 1908; 
MA~CORA, 1908; etc.). 

Such studies have shown tha t  interruption of the axon is readily followed by  
a series of structural changes which characterize the reaction phase, i.e., a) chro- 
matolysis, b) modifications of the neurofibrils, c) swelling of the perikaryon, 
and d) displacement of the nucleus towards the periphery of the cell. 

�9 Aknowledgement. The Author is greatly indebted to Miss A. BERrOLASI for drawing 
Figs. 1 and 19, and to Dr. phis. S. DE PETRIS for the help given in the statistical evaluation 
of the data. 
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The react ion phase is normal ly  followed by a phase o/ repair, which usually 
starts  20- -25  days after the lesion and  lasts for a variable period of time. During 
this period the swelling of the per ikaryon diminishes, the nucleus resumes its 
central  posit ion and  the Nissl substance is restored in the cytoplasm. Many 
nerve cells exhibi t  a great  increase in Nissl substance,  hence their perikaryons 
s tain in tensely  with basic dyes. Many of the nerve cells connected with the peri- 
phery regain their  normal  s t ructural  characteristics through such a series of stages. 

Light  microscopy, however, is inadequate  to reveal the more in t imate  details 
of the changes occurring in nerve cells following axon severance. A deeper 
insight  may  be gained by electron microscopy (ANDRES, 1961 ; EVANS and  GRAY, 
1961; SMITH, 1961; CERVOS-NAVARRO, 1962) or with the use of biochemical and 
histochemical technics (BODIAN and  MELLORS, 1945; HOWE and  MELLORS, 1945; 
HEINZEN, 1947; HOWE and  FLEXNER, 1947; GEREBTZOFF and VANDERMISSEN, 
1956; BRATTG_&lCD et El., 1957; FISCHER et El., 1958; SCH'~VARZACHER, 1958; 
FRIEDE, 1959; BRATTG.~RD and  HYDi~N, 1960; HYDI~N, 1960; MIANI et El., 1961). 

I n  the present  research, the analysis has been focused on the behaviour  of 
nerve cells of the spinal  ganglia of Sauria after tail ampu ta t i on  to test the degree 
of adap tab i l i ty  of neurons connected directly with the periphery. Under  these 
conditions,  a morphological  s tudy  can be made, in the same type  of cells, of the 
consequences of the severance and  of the consecutive regeneration of the axon 
as well as of the changes per ta in ing to the hyper t rophy of the perikaryon. 
A description will be given here only of the first set of s t ructural  changes. 
The hyper t rophy  of the per ikaryon and the conclusions which can be drawn 
from a comparison of the two series of facts will be dealt  with in a subsequent  
paper. 

Materials and methods 

The distribution of spinal nerves in the tail of the lizard (Lacerta muralis) is such, that 
section of the tail severs the majority of the axons running in three consecutive pairs 
of spinal nerves {Fig. 1). The sensory and motor nerve cells of these spinal nerves are parti- 
cularly well suited for the study of the structural changes in the perikaryon which depend 
(a) on the section of the axon as well as (b) on the hypertrophy which the cells mentioned 
undergo as a consequence of the increase of their new peripheral field of innervation, viz. 
the whole regenerated part of the tail. 

Mainly for practical reasons, our attention was focused on the spinal ganglia, which 
represent an excellent object for experimental studies (LEvI-MONTALCINI and LEVI, 1943). 
The spinal ganglia are in fact discrete organs with a rather simple architecture; the fairly 
regular shape of their nerve cells permits easy quantitative evaluations. Moreover, the 
techniques of fixation for electron microscopy give much more reproducible results in spinal 
ganglia than in the central nervous system, thus ensuring a better utilization of the material. 

Eighteen specimens of adult Lacerta muralis, captured in July, were subjected to tail 
amputation and were then sacrificed 2, 4, 7, 14, 21, 30 and 60 days later. In the specimens 
sacrificed 7 to 21 days after amputation, the stump of the tail shows only a slight distal 
convexity, in those sacrificed after 30 days a small outgrowth is apparent, and after 60 days 
the regenerated part of the tail measures roughly 1 cm in length. 

The last pair of spinal ganglia cranial to the plane of amputation, was removed for study. 
Spinal ganglia taken from levels not affected by the tail amputation and regeneration were 
used as controls. 

The isolated ganglia were fixed in 2% Os04, buffered at pH 7.2 with veronal-acetate, 
and in Carnoy's fluid. The material fixed in Os04, was embedded in methaerylates or in 
araldite, sectioned with the Porter-Blum and LKB ultramicrotomes and examined with a 
Siemens Elmiskop II electron microscope. Uranyl acetate was used on several occasions to 
stain either sections or tissue blocks during dehydration. 
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In most cases sections 0.5 to 1.0 ~ thick were cut adjacent to the ultrathin ones, mounted 
in glycerol or in Canada balsam and examined at  polarized light (Leitz-Ortholux supplied 
with a xenon lamp) or stained with toluidin blue. Thus, the same perikarya could be studied 
with the electron and the optical microscopes. 

The ganglia fixed in Carnoy's fluid were embedded in paraffin and the sections were 
stained with the Nissl method or used for histochemical tests. Some sections were treated at  
37 o C or 55 o C for 60 rain with 1/5,000 ribonuclease 1 dissolved in distilled water or in a 
buffered solution at  pH 7.0, were stained with 0.5% toluidin blue (at pH 4.7 for 90 min), 
then kept  for 5 min in an ammonium molybdate solution, according to the method suggested 
by LISON (1953). Other sec- 
tions were stained with the ! 2 ~ 6" 
Fenlgen method. 

Mitochondrial counts were 
carried out on electron mi- 
crographs. Since the distri- 
bution of mitochondria is not 
uniform even in control nerve 
cells, counts were carried out 
only on equatorial sections 
of the cells passing through 
the nucleus. Each section was 
photographed and the nega- 
tive enlarged to a final mag- 
nification of • 10,000. All 
the mitochondrial profiles in 
the section were counted; 
their number ranging from 
one to ten  or eleven hundred. 
The area of the perikaryon 
(nucleus excluded) was then 
measured. The number of 
mitoehondrial profiles per 
square micron of section was 
obtained by dividing the total 
number of profiles in a peri- 
karyal section by the area of 
the lat ter  in microns. From 
this value it is difficult to Fig. 1. Distribution of spinal nerves in a portion of a lizard's taft 

Each pair of spinal nerves supplies three adjacent tail segments; 
estimate the number of mi- the spinal ganglia decrease in size in eranio-eaudal direction. 
tochondrial profiles per unit 1 spinal cord, 2 spinal nerves, 3 spinal ganglia, 4 vertebrae, 
volume, without severe er- 5 muscle, 6 skin 
rots of calculation. Never- 
theless, the value per square micron of section is sufficiently indicative of mitochondrial 
frequency for the comparison of various nerve cells. 

To determine whether the size of mitochondria varied in different nerve cells, the peri- 
karyal sections selected for mitochondrial counts were photographed again and the negatives 
enlarged to • 22500. The length of all the mitochondrial profiles in each section, was 
measured on the enlarged micrographs. A mean value per perikaryal section was calculated 
from the above measurements. The values thus obtained are certainly lower than  the real 
mean length of the mitochondria, but  they permit  to make a rough comparison between 
various nerve cells. Since in the cells whose preservation appeared to be excellent, the thick- 
ness of the mitoehondria does not vary appreciably in different nerve cells, the average length 
was taken as indicative of mitoehondrial size in each cell. All the numerical data  were sub- 
jected to statistical analysis. 

Salt and protease free crystalline ribonuclease (General Biochemical Inc.). 

z. Zellforsch., Bd. 60 48 
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Observations 
Many control nerve cells, belonging to the spinal ganglia not affected by the 

operative procedure, were examined. The structure of these cells corresponds 
closely to that  already described for nerve cells of mammalian spinal ganglia. 

All the spinal ganglia of the sectioned nerves contained some nerve cells 
which did not show any structural modifications. Obviously, these were nerve 
cells whose axons had escaped section, either because they ramified and ended 

F i g .  3. S p i n a l  g a n g l i o n ,  2 d a y s  a f t e r  n e r v e  s ec t i on .  A r ~ l d i t e  e m b e d d i n g ,  e l e c t r o n  m i c r o g r a p h  (22,500 • ). 
T h e  m i t o c h o n d r i a  (ml )  of  t h e  n e r v e  cel l  (Ne) a r e  s l i g h t l y  swol l en ,  t h e i r  m a t r i x  is  r a t h e r  e l e c t r o n  t r a n s -  

p a r e n t ;  t h e  m i t o c h o n d r i a  (m~) of t h e  s a t e l l i t e  cel ls  (sc) r e t a i n  t h e i r  n o r m a l  s t r u c t u r e  

within the ganglia, or because they branched in the immediate vicinity of the 
ganglia. The following account is related, therefore, only to nerve cells showing 
structural modifications. 

2 and 4-day stage alter tail amputation. Two days after section of the axon 
only the nucleolus and the mitochondria shows some changes. 

The nucleolus (Fig. 2) is often enlarged in comparison to that  of control 
nerve cells: the maximum diameter is ca. 3 ~ instead of 2,5 ~, and the other 
diameters are modified proportionally. The mean nucleolar increase in volume 
is about 60%. 

F i g .  2 A - - E .  S p i n a l  g a n g i i a  a f t e r  n e r v e  sec t ion .  M o d i f i c a t i o n s  in  t h e  s t r u c t u r e  a n d  size of  n e r v e  
cel l  nuclcol i .  A,  D ,  E :  a r a l d i t c  e m b e d d i n g ,  e l e c t r o n  m i c r o g r a p h s  (22,500 •  B ,  C :  p h a s e  c o n t r a s t  
p h o t o m i c r o g r a p h s  (850 • ). A :  n u c l e o l u s  of  a c o n t r o l  n e r v e  ce l l ;  D : n u e l e o l u s  of  a n e r v e  cel l  a f t e r  a x o n  
sec t ion ,  s h o w i n g  t h e  a p p e a r a n c e  d e s c r i b e d  as  (a) i n  t h e  t e x t ;  B ,  C, E :  nue l eo l i  of n e r v e  ce i ls  a f t e r  

a x o n  s ec t i on ,  c o n t a i n i n g  l i g h t  " v a e u o l i "  ( d e s c r i b e d  a s  /? i n  t h e  t e x t )  

48* 
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The nucleolus shows also some structural  changes. I n  phase contrast  it often 
appears as a very  dark  ring circhng a lighter central core (Fig. 2 B, C). After 

t rea tment  with basic dyes, 
the peripheral region shows 
intense basophilia while the 
central core appears more 
lightly stained. The basophilia 
disappears after t rea tment  
with ribonuclease. The nu- 
cleolus is uniformly Feulgen- 
negative. 

With  the electron micro- 
scope the nucleolus shows one 
of the following two aspects: 
(u) In  some cases,it is made 
up of a very  large number  of 
electron opaque granules ca. 
150--200 A thick, t ight ly and 
uniformly packed (Fig. 2 D). 
(~) In  other cases, the nucleo 
lus consists of an electron 
opaque "cor tex"  and a lighter 
central core, the two being 
separated by a fairly sharp 
boundary.  The outer cortical 
layer is composed of closely 
packed granules, 150---200 A 
in diameter;  the lighter cen- 
tral core consists of a few elec- 
t ron opaque granules, 300 A 
in diameter, embedded in an 
electron t ransparent  matr ix 
(Fig. 2 E). 

The lighter central region, 
described under (~), m a y  be 
interpreted in two alternative 
ways:  it ma y  be due to an 
invagination of the nucleolar 
surface, or to a vacuole of the 

Fig .  4 A - - D .  S p i n a l  gang l i a ,  7 days  a f t e r  n e r v e  sect ion,  nucleolus proper. The latter 
A, B :  p h o t o m i c r o g r a p h s ,  N i s s l  s t a i n i n g  (600 • ); C :  pho to -  hypothesis seems the m o r e  
m i c r o g r a p h  a t  po l a r i zed  l i g h t  (Brace  c o m p e n s a t o r )  ( 5 0 0 ) :  
D : t he  s ame  as C, b u t  t he  p o s i t i o n  of t he  Brace  c o m p e n s a t o r  probable because the nucleo- 
has  been  c h a n g e d  (500 x ). a p e r i k a r y a  c o n t a i n i n g  s ta in less  lar outline appeared always 
s t r eaks ,  b i r e f r i n g e n t  a t  po l a r i zed  l i g b t ;  b chiton t o  y t  ~ 

nerve cells very regular and no large 
indentat ion is apparent  by 

optical and electron microscopy. Moreover, no evidence was ever found of a 
cont inui ty  between the lighter core and the nucleoplasm. 
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The mitochondria appear slightly swollen, their matrix being more electron 
transparent than that of mitochondria in control nerve cells. It  appears unlikely 

Fig. 5. Spinal ganglion, 7 days  af ter  ne rve  section. Methaery la te  embedding ,  e lect ron mic rog raph  
(22,500 • ). Paa, t of the  cy top la sm of a gangl ion cell (described as a in the  t ex t )  conta in ing  m a n y  
neurof i l aments  and  Nissl bodies (Nb). The Nissl bodies show a no rma l  s t ruc ture .  The  bundle  of 
neurof i lamcnts  corresponds to one of the  bi refr ingent  bands ,  which  do no t  s ta in  with the  Nissl m e t h o d  
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t ha t  the mitochondrial  swelling may  depend on technical artifacts, since the nfito- 
chondria of satellite cells enveloping the per ikarya display a normal  s t ructure  
(Fig. 3). 

While the volumetr ic  and  s t ructural  modifications of the nucleoli last a long 
time, the mi tochondr ia l  al terat ions regress so rapidly, tha t  they  can no longer 
be observed at  the 7-day stage. 

7-day stage after tail amputat ion.  NISSL stained sections 1 examined with the 
light microscope revealed normal  nerve cells and  two groups of nerve cells showing 
marked ly  different modificat ions (Fig. 4). About  12% of the ganglion cells (in- 
dicated with a) are characterized by the presence in their  cytoplasm of stainless, 
birefr ingent  streaks arranged in various directions. A second, larger group of 
nerve cells (b) is typical ly  chromatolytic .  This group is represented by cells in 
which the process of chromatolysis appears more or less intense. Some can 
hardly  be dis t inguished from the normal  nerve cells; therefore it  is difficult 
to give an exact  percentage of these elements. 

I n  the nerve cells (a), the stainless streaks appear  ra ther  t r ansparen t  at the 
electron microscope and  consist of bundles of neurof i laments  embedded in a 
homogeneous electron t r ansparen t  mater ia l  (Fig. 5). The nenrofi laments,  
70 - -80 /~  in  diameter,  appear wavy and  arranged in a fairly orderly m a n n e r  
(Fig. 6). All the other  cytoplasmic s t ructures  (i.e., endoplasmic ret iculum, ribo- 
somes, mitochondria ,  Golgi complexes, vesicular bodies, p igment  granules) lie 
in basophilic areas of cytoplasm in te rven ing  between the bundles of neuro- 
f i laments  (Fig. 5). I t  mus t  be stressed tha t  the endoplasmic ret iculum in these 
nerve cells is as well developed as in  normal  nerve cells. 

Table 1. Mean number o/ mitochondrial pro/iles per square micron of section 
in control nerve cells and in nerve cells /oUowing axonul section 

I A B C 
I 

Control nerve ceils . . . . . . . . .  I 1.42 ~: 0.562 
Nerve cells 7 days after axonal section* I 1.00 i 0.365 t = 2.98; 0.001 ~ P ~  0.01 
Nerve cells 21 days after axonal section* 0.88 • 0.184 t =: 3.35; 0.001 ~ P ~ 0.01 

A -- average number of mitochondrial profiles per square micron of section ; B = standard 
deviations; C = the t-values are those for the standard error test for small samples (Student 
distribution); P indicates the probability of this value being exceeded in random sampling; 
t and P values on each line refer to a comparison between the mean value on that line and 
the mean value of the first one. 

* Mean values referring to all the ceils at each stage. 

Mitochondria are scanty  among the neurofi laments  and  among the profiles 
of the endoplasmie ret iculum, more numerous  at  the periphery of Nissl bodies. 
On the whole, their  n u m b e r  is near ly  the same in the perinuclear and  in the 
peripheral  regions of the perikaryon.  I n  these nerve cells the average n u m b e r  of 
mi tochondr ia l  profiles is less t h a n  one (0.67) per square micron of section (cf. 
Table 2). 

1 The different structural aspects of nerve cells, observed under tile present experimental 
conditions, will be designated in the text and figures with letters of the alphabet. This is 
not an attempt at a classification, but is intended only to render easier and quicker the 
cross-references between text and figures or the various sections of the text. 
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Nerve  cells (b) show conspicuous changes of the  profiles of the  endoplasmic  ret i -  
culum and  of the  r ibosomes (Figs. 7, 8, and  9). S t ruc tures  of the  e rgas top lasmic  t y p e  
are p ra t i ca l ly  absen t  1. R e m n a n t s  of the  e rgas toplasm,  represen ted  by  3 or 4 shor t  
cis ternae wi th  an  i rregu-  
la r  out l ine  in para l le l  
a r r angemen t ,  are found  
occasional ly  in r e s t r i c t ed  
areas  (Fig. 9). The 
endoplasmic  re t i cu lum 
consists essent ia l ly  of 
m e m b r a n e - b o u n d  vesi- 
cu lar  e lements  of var i -  
ous d imensions  (400 to 
4.000 A ca. in d iamete r )  
(Figs. 8, 9, and  10). Com- 
munica t ions  be tween  
vesicles are  an  e x t r e m e l y  
rare  f inding;  hence i t  
seems reasonable  to  sup- 
pose t h a t  the  m a j o r i t y  
of vesicles represent  clos- 
ed uni ts .  Usua l ly  the  
vesicles conta in  an  elec- 
t ron  t r a n s p a r e n t  ma te -  
r ia l  in which minu te  
granules  of low dens i ty  
are embedded .  Riboso-  
mes a t t a c h e d  to  mem-  
branes  are  scan ty ,  and  
free r ibosomes a b u n d a n t  
in the  cy top lasmic  ma-  
t r i x  (Fig. 9). Only  a few 
r ibosomes  are c lus tered 
in rose t te  fo rmat ions ;  
the  m a j o r i t y  appea r  
evenly  d i s t r ibu ted .  

1 In the present and in 
the next paper the term 
"endoplasmic reticulum" 
will be used to indicate 
cisternae arranged at ran- 
dom, limited by a mem- 
brane studded with riboso- 
mes. The term "ergasto- 
plasm" will be confined in- 
stead to cisternae a~anged 
in an orderly pattern, which 
may be considered a special 
type of the endoplasmie 
reticulum. 

Fig. 6. Spinal ganglion, 7 days  a f te r  ne rve  section. Methaery la te  
embedding ,  e lectron mierogr~ph  (100,000 • ). Bundle  of neurofila- 
merits  in the  pe r ika ryon  of a neuron  (described as a in the  text )  
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Fig.  7. Spinal  gangl ion,  7 d a y s  a f t e r  ne rve  section.  Ara ld i te  embedd ing ,  e lectron m i c r o g r a p h  (22,500 • ). 
The  gangl ion  cell on the  r i gh t  shows  ear ly  indica t ions  of ehromatolys is .  Some c i s te rnae  of the  endo- 
p lasmic  r e t i cu lum re t a in  the i r  no rma l  s t ruc tu re  (single arrows),  o thers  are i r r egu la r ly  en la rged  (double 
arrows) .  Swollen vesicles of the  Goigi  complex  (G). The gangl ion  cell a t  the  lower lef t  re ta ins  a normal  

s t ruc tu re ,  c col lagen;  s c  satel l i te  cells 

Some nerve cells show transitional characters between the normal elements 
of the endoplasmic reticulum (cisternae and tubules) and the closed vesicles 
mentioned, represented by irregular swellings of cistern~e and tubules (Fig. 7) 
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Fig .  8. Sp ina l  gang l ion ,  7 d a y s  a f t e r  n e r v e  sect ion.  A r a l d i t e  e m b e d d i n g ,  e l ec t ron  m i c r o g r a p h  (30,000 • ). 
Two  a d j a c e n t  n e u r o n s :  one  c h r o m a t o l y t i c  (upper  r igh t ) ,  w i th  e n l a r g e d  c i s t e rnae  of t he  endop la smie  
r e t i eu lum a n d  r ibosomes  m o s t l y  f ree ,  t h e  o t h e r  ( lower p a r t )  n o r m a l l y  s t r u c t u r e d ,  c co l lagen ;  s e  sa te l l i te  

cells 
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F i g .  9. S p i n a l  g a n g l i o n ,  7 d a y s  a f t e r  n e r v e  sec t ion .  M c t h t t e r y l a t e  e m b e d d i n g ,  e l e c t r o n  m i c r o g r a p h  
(22,500 • ). P a r t  of  a c h r o m a t o l y t i c  g a n g l i o n  ce l l :  c n d o p l a s m i c  r c t i c u l u m  b u i l t  of  n u m e r o u s  c losed  
ves i c l e s ,  r i b o s o m e s  m o s t l y  f r ee ,  a n d  m i t o c h o n d r i a  c o n c e n t r a t e d  i n  t h e  p e r i m m l e a r  a r ea .  e r e m n a n t s  

of t h e  e r g a s t o p l a s m ;  N n e r v e  cel l  n u c l e u s ;  s c  sa t e l l i t e  cel l  
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Fig. 10. Spinal  ganglion, 14 days a f te r  ne rve  section. Methac ry la te  embedding ,  e lectron mic rograph  
(45,000 • ). P a r t  of the  per inuelear  cy top lasm of a ch romato ly t i e  gangl ion cell, conta ining numerous  

mi tochondr ia  (m) and  closed vesicles of the  endoplasmic  rc t i cu lum (er) 

Such s t ruc ture  suggests  t h a t  the  closed vesicles, found  in ch romato ly t i c  nerve 
cells, arise by  swelling and  f r agmen ta t i on  of c is ternae and  tubules .  
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Table 2. Nu~Jber o/~J~itochondrial pro/iles per square micron o] section in nerve cells 7 days 
alter axonal section 

A 2B C 

Nerve cells (a) with bundles of neuro- 
filaments . . . . . . . . . . . .  

Chromatolytie nerve cells (b) with uni- 
form distribution of mitochondria. . 

Chromatolytic nerve cells (b) with 
mostly perinuclear distribution of 
mitochondria . . . . . . . . . . .  

0.67 

0.98 

1.30 

•  

:[: 0.310 

• 0.330 

t = 2.38; 0.02 < P <  0.05 

A = average number of mitochondrial profiles per square micron of section; B = standard 
deviations; C --  the t-value is that  for the standard error test for small samples (Student 
distribution); P indicates the probability of this value being exceeded in random sampling. 
The nerve cells have been referred to with the letters a and b as in the text. 

Fig .  11. S p i n a l  g a n g l i o n ,  7 d a y s  a f t e r  n e r v e  sec t ion .  M e t h a e r y l a t e  e m b e d d i n g ,  e l ec t ron  mic rog ra i )h  
(4,50(} • ). P a r t  of a c h r o m a t o l y t i c  g a n g l i o n  ce l l :  m a r k e d  c o n c e n t r a t i o n  of t he  m i t o c h o n d r i a  a r o u n d  

t hc  nucl t !us  a l l d  I la l l l e ro l l s  c losed vcs ich ' s  of t h c  e n d o p l a s m i c  rct ict l l t l l l ] .  .Y l]aclct ls  

N e u r o f i l a m e n t s  are  h a r d l y  d e t e c t a b l e  in  t h e  p e r i k a r y o n  of c h r o m a t o l y t i c  cells. 

I n  s o m e  c h r o m a t o l y t i c  n e r v e  cells, t h e  s a m e  n u m b e r  of m i t o c h o n d r i a l  prof i les  

is f o u n d  in  t h e  p e r i n u c l e a r  a n d  in  t h e  p e r i p h e r a l  c y t o p l a s m ;  in  t h e s e  cells, t h e  



Fig.  12. Spinal  gangl ion,  7 days  a f t e r  ne rve  section.  Ara ld i te  embedd ing ,  e lectron microgi,  aphs  
(22,500 •  Grea t ly  en la rged  Golgi complex  wi th  en la rged  vesicles in  a ch roma to ly t i e  n e r v e  cell. 
I n  the  inset ,  a t  t he  s a m e  magn i f i ca t ion ,  a Golgi complex  of a control  gang l ion  cell. e r  closed vesicles 

of t he  endoplasmie  r e t i eu inm;  p p i g m e n t ;  s c  satel l i te  cell 
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average number  of mitochondrial  profiles per square micron of section is close 
to 1 (0.98, cf. Table 2). In  other chromatolyt ic  nerve cells, the mitochondria are 

Fig.  13. S p i n a l  g a n g l i o n ,  14 days  a f t e r  n e r v e  sec t ion .  M e t h a c r y l a t e  e m b e d d i n g ,  e lec t ron  m i c r o g r a p h  
(30,00(~ • ). P a r t  of t h e  c y t o p l a s m  of a g a n g l i o n  ceil  p r o b a b l y  u n d e r g o i n g  dcgcncra. t ion.  Ti le  n e u r o n a l  
c y t o p l a s m  c o n t a i n s  v e r y  few c losed  ves ic les  of t he  c n d o p l a s m i c  r c t i c u l u m  (arrows),  some m i t o c b o n d v i a  
(lit), e l ec t ron  ()I)aIlll(~ ~l 'al l l l lcs (t'il)osoIII(!S ?), ~llld a ve ry  fiIio sn | )n l ic roscopic  nc twork .  .~' s a t e l l i t e  to l l s  
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more numerous  in the perinuclear region (Figs. 10 and 11); the peripheral cyto- 
plasm is nearly free of mitochondria.  The average number  of mitochondrial  

Fig. 14. Spinal ganglion, 7 days  af ter  ne rve  section. Methaery la te  embedding ,  e lectron mic rograph  
(5,700 • ). An  e lement  cnwrappcd  by  satell i te cells, filled wi th  f i laments  and  conta ining also some 
mi toehondr ia  (m), s imilar  to the  "ghos t  cells" described by  ULE (1962) (cf. tex t ,  p. 730). N e  nerve  

cells; s c  satell i te cell 

profiles per square micron of section is greater t han  1 (1.3, cf. Table 2), close to  
the value found in normal  nerve cells (1.42, cf. table 1). The difference between 
the two mean values reported above (0.98 and 1.30) is significant (cf. Table 2). 

I n  the nerve cells whose axon had been severed, all the Golgi complexes 
appear  larger than  in normal  cells, their eisternae and vesicles obviously swollen 
(Fig. 12). F rom the comparison of equatorial  sections passing th rough  the nucleus 
of nerve cells of similar size, it appears t h a t  the  number  of Golgi complexes at  
this stage is ca. 25% lower than  tha t  of normal  nerve cells. Of course, this value 
is merely indicative. 
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Fig .  15. S p i n a l  gangliolL, 7 (t~,ys a f t e r  n e r v e  sec t ion .  M e t h a c r y l a t c  e m b e d d i n g ,  e l ec t ron  m i c r o g r a p h  
(60,000 •  P ; i r t  of t h e  e l e m e n t  s h o w n  in  Fig .  14 a t  a h i g h e r  m~tgnif ica t ion,  m m i t o c h o n d r i o n :  

s~. sa, tel l i tc cel l  

Il l  the per ikaryon of some chromatolyt ic  cells, the vesicles of the endoplasmic 
re t iculum are very scarce. I n  these cells the per ikaryon contains only a few 
ribosomes dis t r ibuted at  random, among which a fine submicroscopic network is 
apparen t  (Fig. 13); the lat ter  is a rare f inding in the perikaryon of normal  nerve 
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Fig .  16 A and  B. Spinal  gangl ion,  21 days  a f t e r  ne rve  section.  Mctha~ry la tc  embedd ing ,  e lectron 
m i c r o g r a p h s  (A 5,000 • ; B 22,500 • ). P a r t  of the  p e r i k a r y o n  of a neuron  (c) in  t he  phase  of r e s to ra t ion  
a f t e r  chromato lys i s .  The  nucleolus (nu)  appea r s  modif ied .  The  surface  of the  nucleus  (N) shows a 
m a r k e d  infolding a n d  the  per inuclear  c y t o p l a s m  conta ins  c r g a s t o p l a s m  (e) a n d  n u m e r o u s  r ibosomes.  

Fig.  B corresponds  to  the  a rea  out l ined in Fig.  A. n ueu ro f i l amen t s ;  sc satel l i te  cell 

Z. Zellforsch., Bd. 60 49  
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cells. This structural pattern might represent the ilfitial stage of degenerative 
processes. 

In a spinal ganglion, 7 days after division of the axon, a moderately electron- 
transparent formation entirely enveloped by a thin sheath of satellite cells has 

Fig .  17. S p i n a l  g a n g l i o n ,  21 d a y s  a f t e r  n e r v e  sec t ion .  A r a l d i t e  e m b e d d i n g ,  e l ec t ron  m i c r o g r a p h  
(30,00(} • ). P a r t  of t h e  c y t o p l a s m  of a g a n g l i o n  cel l  desc r ibed  as  (d) in  t he  t e x t :  n u m e r o u s  c i s t c rnae  

of t he  c n d o p l a s m i c  r e t i c u l u m  a n d  m a n y  r ibosomes ,  m m i t o c h o n d r i a  
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been observed (Fig. 14); it contains a large number of filaments embedded in 
an amorphous electron transparent material, and a few mitochondria (Fig. 15). 
The filaments appear long, wavy, arranged at random and of the same thickness 
as the neurofilaments of the normal nerve cells. Also the mitochondrial structure 

F i g .  18. S p i n a l  g a n g l i o n ,  21 d a y s  a f t e r  n e r v e  s ec t i on .  M e t h a c r y l a t e  e m b e d d i n g ,  e l e c t r o n  m i c r o g r a p h  
(30,000 • ). P a r t  o f  t h e  c y t o p l a s m  of  a cel I  d e s c r i b e d  a s  (d) i n  t h e  t e x t :  n u m e r o u s  c i s t e r n a e  of  t h e  

e n d o p l a s m i c  r e t i c u l u m  a n d  m a n y  r i b o s o m e s ,  e c r g a s t o p l a s m ;  m m i t o e h o n d r i o n ;  sc s a t e l l i t e  cell  

49* 
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F ig .  19 A - - D .  D i a g r a m  of t he  m a i n  c h a n g e s  u n d e r g o n e  b y  t he  n e r v e  cei ls  of s p i n a l  g a n g l i a  a f t e r  a x o n  
sect ion.  N o r m a l :  n e r v e  cel l  w i t h  a n o r m a l  s t r u c t u r e ;  A :  n e u r o n  w i th  l a rge  b u n d l e s  of n e u r o f U a m e n t s  in  t he  
p e r i k a r y o n ;  B :  c h r o m a t o l y t i c  n e r v e  ce l l ;  C : n e r v e  cel l  r e g a i n i n g  i t s  n o r m a l  s t r u c t u r e  a f t e r  c h r o m a t e .  
lys i s  ; D : n e r v e  cel l  whose  c y t o p l a s m  shows  i n t e n s e  basoph i l i a .  The  n e r v e  cel ls  h a v e  been  re fe r red  to  
w i t h  t h e  l e t t e r s  A to  D as  in  t h e  t e x t .  e e r g a s t o p l a s m ;  G Go ig i  c o m p l e x ;  n n e u r o f i l a m e n t s ;  s e  s a t e l l i t e  

cells 
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appears normal. The mentioned structure always with the same characteristics 
was followed in several serial sections. 

14-day stage alter tail amputation. Light and electron microscopic pat terns  
of affected spinal ganglia are essentially similar to those observed in the previous 
stage. However, the number  of nerve cells (a) appears lower than  in the preceding 
stage: only 5% ca. of all the ganglion nerve cells. 

21 and 30-day stage a/ter tail amputation. In  the light microscope no (a) 
nerve ceils are detectable; (b) cells, (c) cells with an intense perinuclear baso. 
philia, and (d) cells whose cytoplasm appears basophilic throughout are found, 
In  the electron microscope, chromatolytic nerve cells (b) are easily recognizable, 
on account of the severe alterations of the endoplasmic reticulum. 

In  nerve cells (c) part  of the nuclear envelope is often infolded and indented 
(Fig. 16). Structural  differences are apparent  in the peripheral and in the peri- 
nuclear areas of these cells, respectively. The cytoplasmic region adjacent to 
the folded par t  of the nuclear envelope is filled with a great number  of free ribo- 
somes and ergastoplasmie structures (Fig. 16); the peripheral region of the peri- 
karyon contains, instead, scattered tubular  profiles of the endoplasmie reticulnm, 
ergastoplasmic structures being entirely absent. The free ribosomes are clustered 
into rosettes, as commonly observed in normal nerve cells, and neurofilaments 
are either isolated or packed in small bundles (Fig. 16). 

The intensely and evenly basophihc cytoplasm of nerve cells (d) observed 
with the electron microscope appears to contain a highly developed endoplasmic 
reticulum and a large number  of free and membrane-at tached ribosomes (Figs. 17 
and 18). The endoplasmic reticuhim consists of numerous branching and inter- 
communicating tubular  profiles arranged at  random. 

Twenty-one days after tail amputation,  the mitochondria in all nerve cells 
are evenly distributed in the perinuclear and in the peripheral regions of the 
cytoplasm. The mean number  of mitochondrial profiles per square micron of 
section is less than  1 (0.88, cf. Table 1). 

At this stage all the Golgi complexes are again larger than in normal nerve 
cells. The number  of Golgi units in perikaryal sections of equivalent size is 
nearly identical in nerve cells whose axon had been severed to tha t  in normal 
nerve cells. 

60-day stage a/ter tail amputation. This stage is characterized by  a marked 
increase in the percentage of cells exhibiting a normal ultrastructure and by a 
definite reduction in the number of chromatolytic nerve ceils (b). Moreover, in 
the few nerve cells which still show chromatolysis at this stage, the changes in 
the endoplasmic reticulum are limited to small areas of the cytoplasm. Nerve cells 
with basophilic cytoplasm previously described as (c) and (d) are also present. 

A further class of cells observed at this stage will not be described here as 
they represent most likely ganglion cells undergoing hypertrophy.  Accordingly, 
they will be described in a subsequent paper. 

Considerations and discussion 

I t  is likely tha t  the ultrastructural  modifications in the perikaryon of ganglion 
cells, described in the present paper, depend on the interruption and the early 
stage of regeneration of the axon. Tiffs assumption is supported by the results 
of the light-microscopic controls, long accepted as indications of cell reaction 

Z. Zellforsch., Bd. 60 4 9 a  
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to axon severance. The ultrastructural changes could not be at tr ibuted to cell 
hyper t rophy because one month after amputat ion the tail regeneration is so 
modest  tha t  it might not possibly elicit an appreciable enlargement of the peri- 
pheral field of innervation, a prerequisite for the establishment of ganglion cell 
hypertrophy.  The peripheral field of innervation of the ganglion cells begins to 
show a significant increase only at a later period and it continues to enlarge 
very slowly for a fairly long time afterwards. Under these conditions, the struc- 
tural  modifications of the perikaryon due to interruption and regeneration of 
the axon, may  be easily distinguished from the alterations which depend on the 
enlargement of the peripheral field of innervation. 

After tail amputat ion only a few nerve cells of the ganglion maintain their 
normal ultrastructure;  probably the axon of these cells escaped section because 
it ended in the ganglion itself, or in tissues of the tail lying cranial to the level 
of amputat ion.  The majori ty  of the ganglion cells, however, show alterations, 
some of which are similar in all the nerve cells (1), while others affect only a 
part  of the cell community (2a and b). 

l) All the nerve cells whose axon was severed undergo an increase in the 
size of their perikaryon and a slight swelling of the mitochondria (Fig. 3): the 
matr ix  of the latter becomes rather electron transparent.  The mitochondrial 
modifications last a short t ime and disappear by the 7th day after injury; the 
perikaryal swelling, instead, lasts for a longer period. The last event probably 
depends on uptake of water, and is likely to determine the reduction in the 
number  of mitochondria and of the Golgi complexes observed after severance 
of the axon. The reduction in the number of the organelles mentioned could 
not be due to their disappearance since mitochondrial remnants were never ob- 
served and the Golgi complexes appeared actually hypertrophic. The decrease 
in the number  of mitochondria was previously observed by MARINnSCO and 
TUPA (1922), but  not by HARTMANN (1947, 1948, 1952) and t tuDso~ et al. (1961). 

2) Two groups of ganglion cells (a and b) show structural modifications whose 
characters is distinctly different. 

a) Nerve cells with large bundles of neurofilaments in the perikaryon. In 
a group of ganglion nerve cells (a) which represent the 12% at the 7-day stage, 
large bundles of filamentous structures become apparent  in the cytoplasm (Figs. 5 
and 6), while in normal cells the filaments are never arranged in large bundles. 
I t  is hard to decide whether we are dealing here with bundles of newformed 
filaments or with a rearrangement and packing of preexisting structures. At 
any rate, the presence of a conspicuous amount  of filamentous structures appears 
to be in agreement with the observations of VAN GEHUCHTEI~ (1897), DO~AGGIO 
and FRAGNITO (1904), C A J ~  (1928) and YouNG (1932); the latter authors main- 
tain tha t  in the perikaryon of cells whose axon had been divided the neurofibrils 
(which are presumably composed of neurofilaments) are more evident than in 
normal cells in microscopical preparations. No significant alterations in the 
endoplasmic reticulum are apparent  in this group of nerve cells (Fig. 5): the 
Nissl bodies arc present and their structure is normal, they stand out even more 
neatly as they lie between lighter regions of the cytoplasm. The ultrastructural 
changes in these nerve cells regress fairly rapidly: 14 days after injury, the 
number  of affected nerve cells has fallen to 5% and they are no longer found 
after 21 days. 
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The striking prominence of neurofilaments in nerve cells (b), and their dis- 
appearance from nerve cells undergoing ehromatolysis after section of the axon, 
may perhaps find an explanation in the suggestion advanced by MAX~ELI) 
and HA~TLEY (1957), and SCHMITT (1957). According to these authors, the 
protein component of neurofilaments in normal nerve cells would be found partly 
in a disperse state and partly organized into filaments, which could be rather 
unstable structures. Changes in the pH or in ionic strength would be sufficient to 
decompose the long protein filaments into globular molecules; this process would 
be reversible. These characteristics of the protein of the neurofilaments, may  
help also in the interpretation of the rapid increase or decrease in the amount 
of the neurofflaments. Unfortunately, too little is known on the factors which 
may modify this hypothetical equilibrium between dispersed and aggregated 
states of the protein. 

b) Chromatolytic nerve cells. A second, larger group of nerve cells, is charac- 
terized by profound changes in the endoplasmic retieulum and neurofilaments 
(Figs. 7, 8, 9 and 10). The endoplasmic retieulum is quantitatively reduced and 
its structure less complicated; these modifications correspond to the chromato- 
lysis revealed by light microscopy. Neurofilaments are no longer visible in the 
perikaryon, although they should stand out more neatly because of the scarce 
density of the cytoplasm. 

In  some chromatolytic nerve cells, the mitochondria are assembled pre- 
ferentially in the perinuclear area (Fig. 11), while in others they are scattered 
also in the peripheral cytoplasm, as in normal nerve cells. Since the average 
number of mitoehondrial profiles per square micron of section is higher in the 
former than in the latter cells, and the difference between the two mean values 
appears statistically significant (cf. Table 2), it may  be concluded that  the gath- 
ering of mitoehondria in the perinuclear region is coincident with an increase 
in their number. The displacement of these organelles is not accompanied, in- 
stead, by significant changes in their length (of. Table 3). The mentioned data 

Table 3. Average length o~ mitochondrial profiles in control nerve cells and in nerve cells ]ollowing 
axonal section 

Control nerve cells . . . . . . . . .  
Chromatolytie nerve cells (b) with uni- 

form distribution of mitochondria 
Chromatolytic nerve cells (b) with 

mostly perinuclear distribution of 
mitochondria . . . . . . . . . . .  

A 

0.345 

0.460 

0.400 

B 

• 0.038 

0.065 

-- 0.055 

t-- 1.76; 0.10< P <  0.20 

A = average length (in micra) of mitochondrial profiles; B ~ standard deviations; 
C = the t-value is that for the standard error test for small samples (Student distribution); 
P indicates the probability of this value being exceeded in random sampling. The nerve 
cells have been referred to with the letter b as in the text. 

seem consistent with the hypothesis of CAuSEu and HO~FMAN (1955), HOF~MAN 
and GRIOG (1958), and BRANDT and PAPPAS (1959), according to whom mito- 
chondria arise from the nuclear membrane. In  the present study, however, 
mitochondria in contact with the nuclear membrane were exceptionally observed, 
and no evidence was found of a derivation of mitoehondria from the nuclear 
membrane. 
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In the past, chromatolysis has been often interpreted as a regressive process, 
i.e., as the expression of either an initial stage of degeneration, or a secondary 
response of the nerve cell to loss of part of its process. More recently, however, 
biochemical and histochemical investigations have demonstrated in chromatolytic 
nerve cells an increase in the activity of many enzymes and a raised rate of 
protein and lipid synthesis. These facts are not consistent with the original inter- 
pretation. 

The increased synthesis of proteins and [ipids which occurs in the perikaryon 
after section of the axon is probably related to the regeneration of the axon 
stump. I t  is very likely, in fact, that  the proteins and lipids synthesized in the 
perikaryon, are transported along the axon and used for the growth of the new 
process. These facts are probably analogous to those occurring during normal 
growth of the axon; WEISS and HISCOE (1949) emphasized the existence of a 
flow of materials from the perikaryon down to the axon during the normal 
growth of the axon itself. 

On the basis of the available data, chromatolysis occurring in spinal ganglion 
neurons following severance of the axon may be interpreted not as a degenerative 
process, but rather as an expression of a process of repair chiefly related to the 
regeneration of the axon. Further studies are required, however, to ascertain 
whether chromatolysis induced by chemicals or nerve cell fatigue may also be 
interpreted in analogous manner. During chromatolysis, the spinal ganglion 
neuron of the lizard cannot display its specific function because it lacks peri- 
pheral connections; all the activity of the nerve cell seems directed to the pro- 
duction of the materials necessary for the regeneration of the lost part. 

In the chromatolytic nerve cells under study here a marked reduction in 
the membranes of the endoplasmic reticulum, not in the number of ribosomes 
was observed. This is consistent with data suggesting that free ribosomes are 
related to synthesis of cytoplasmic protein for cell growth, while those attached 
to membranes are related to synthesis of specialized protein molecules (MuNG]~R, 
1958; SLAUTTERBACK and FAWCETT, 1959; HA)/, 1963). These conclusions are 
also in agreement with observations on embryonic cells, in which proteins are 
actively synthesized, in spite of the nearly complete absence of the membranes 
of the endoplasmic reticulum (PALADE and POliTElY, 1954; HOWATSOI~ and HAM, 
1955; PALADE, 1955). 

The results of the present research suggest that  a certain analogy could be 
established between the chromatolytic nerve cells under study and neuroblasts. 
The chromatolytic nerve cells and the neuroblast both have a poorly developed 
endoplasmic reticulum, no neurofilaments and no ergastoplasm; their ribosomes 
are mainly free; both cells are engaged in the synthesis of new protoplasm. In 
the spinal ganglion neurons the process of chromatolysis which accompanies 
the regeneration of the axon, seems thus to represent a temporary return of the 
nerve cell to a structural and metabolic condition analogous to that of the nor- 
mally growing neuron. This is not the sole example of a cell undergoing well 
detectable changes during the initial stages of its regenerative activity. Structural 
changes analogous to those observed in ehromatolytic nerve cells have also been 
described in other tissues. During regeneration of amputated amphibian limbs 
ItAY (1958) observed, in fact, that  the dedifferentiated cells of the proliferating 
blastema contain a large number of ribosomes, but only few cytoplasmic mem- 
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branes. The latter increase greatly and become studded with granules during 
the redifferentiation of the cells. 

The changes undergone in the cells during the process of regeneration may 
fit into the general view according to which growth and differentiation are to 
some extent  antagonistic processes. 

Recovery a/ter chromatolysis. The duration of the morphological changes 
occurring in sequence in chromatolytic perikarya, varies from cell to cell. In 
some cells they have allready disappeared 21 days after section of the axon; at 
this stage in comparison with the 7-day stage, there is in fact a percentual decrease 
in chromatolytic nerve cells and an increase in cells with normal structure. 
In  a few nerve cells, however, chromatolysis is still apparent, though limited to 
small regions of the perikaryon, 60 days after injury. 

When the process of chromatolysis is over, most of the nerve cells gradually 
resume their normal structure ; only a very few undergo degenerative phenomena. 
In this regard, the behaviour of peripheral ganglion cells is different from that  
of the neurons of the central nervous system; in the latter a much higher per- 
centage of cells degenerate after section of the axon. Degeneration in the peri- 
pheral ganglion cells is characterized by a progressive depletion of the vesicles 
of the endoplasmic reticulum and of the ribosomes; thus the citoplasm, now 
almost completely devoid of structures, appears electron transparent (Fig. 13). 

After chromatolysis, the normal structure of the cells is reestablished through 
the following sequence of morphological steps (Fig. 16) : (~) the nuclear membrane 
undergoes infolding and indentation; therefore, the surface of the nucleus is 
increased, and this might favour the exchanges between nucleus and cytoplasm ; 
(~) ergastoplasmic structures reappear, and ribosomes are crowded in the peri- 
nuclear region; (~) tubular profiles of the endoplasmie reticuhim are found in 
the peripheral region of the perikaryon, and (5) neurofilaments become apparent. 

The changes undergone by nerve cells after chromatolysis in the present study 
are analogous to the modifications observed by H Y D ~  (1943) and by C. and 
O. VOGT (1946, 1947) with the light-microscope; namely, infolding of the nuclear 
membrane and condensation of RNA in the perinuclear cytoplasm, mainly close to 
the nuclear infolding. The present electron microscopic investigation shows 
that  only this region of the cytoplasm incloses ergastoplasmic structures and 
shows the greatest concentration of ribosomes (Fig. 16). 

According to DEA~E and PO~TER (1960), cytoplasmic basophilia is not only 
related to ribosome-bound RNA but also to the content of free RNA; it is possible, 
therefore, that  a high concentration of free RNA occurs around the nucleus of 
cells regaining their normal structure after chromatolysis. 

The mentioned data stress once more the importance of the nucleus in the 
production of ribonucleoproteins and shows that,  after chromatolysis, ergasto- 
plasmic structures begin to develop in the perinuclear region, where the amount  
of ribosomes and free RNA is greater. 

The changes in size and structure of the nucleolus (Fig. 2) observed in the 
present study, probably reflect its participation in the processes occurring in 
the nerve cell during and after chromatolysis and in particular in the increased 
synthesis of proteins. Although many details are still debatable, several authors 
agree that  the nucleolus plays an important  role in the synthesis of RNA and, 
indirectly, in the synthesis of cytoplasmic proteins (CAsP~aSSON, 1950; BRACH~T, 
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1952). I n  this regard, m a n y  authors  support  the hypothesis  tha t  the nucleolus of 
nerve cells takes pa r t  in the format ion of Nissl bodies (EI~ARSON, 1933 ; HYD]~N, 
1943, 1947, 1960; I - I~Bu~GER and HYD~N, 1945, 1949; LA VELLE, 1951, 1956). 

Dur ing  and after chromatolysis,  a central, more electron t ransparent  area 
m a y  appear  in the nucleolus (Fig. 2 C, D, E);  this core probably corresponds 
to the "vacuoles"  observed with the light microscope by BARR and BERTRAM 
(1951) and by  LINDSAY and BARR (1955) during chromatolysis,  immediately  
before res torat ion of the Nissl substance. Also C. and O. VOGT (1946, 1947) 
reported that ,  under  various conditions, the hyper t rophy  of nerve cell nucleoli 
is accompanied by  the appearance of "vacuoles"  within the latter. 

Changes in the nucleolar ul trastructure,  analogous to those observed in the 
present s tudy,  have also been observed occasionally e.g. in giant cells (BIRD, 
1961), in amoebae (VICKERMAN, 1962) and in hepatic cells (ANDREW, 1962). 
This s t ructural  modification m a y  be an expression of increased function. 

Twenty-one  days  after section of the axon, some nerve cells show intense 
basophilia of the entire perikaryal  cytoplasm and a highly developed endoplasmic 
ret iculum (Figs. 17 and 18). I t  m a y  be supposed tha t  such nerve cells have 
recovered from chromatolysis.  I n  fact, these neurons first appear  when the 
percentage of chromatolyt ic  nerve cells is decreasing. Indeed, the presence of 
hyperchromat ic  nerve cells after chromatolysis has often been reported. 

The aspect shown in Fig. 14, observed only in one case 7 days after nerve 
section, is quite similar to tha t  described by  ULE (1962) in the spinal cord and 
spinal ganglia of rats suffering from experimental  neurolathyrism. I t  appears 
nearly identical to ULE's Fig. 9 (1962), interpreted by  this author  as a grossly 
swollen axon of a degenerating nerve cell. Possibly the aspect reported in the 
present s tudy  m a y  be related to axon degenerat ion;  however, the singleness of 
the finding does not  allow any  definite conclusions. 
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