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Knowledge concerning the structure of the neuron is based 
primarily on the study of fked and stained tissue sections. 
The opinion has often been expressed that some of the cell 
structures revealed by elaborate methods may be artefacts 
of fixation and impregnation. This skepticism has stimulated 
attempts to study the nerve cell in the living state. F o r  this 
purpose, two types of study are available, namely, observa- 
tions on neurons in tissue cultures and on those isolated 
from fresh tissues. 

Studies of nervous tissues in culture have been largely con- 
cerned with the outgrowth of neurites and the proliferation 
of macrophages. The neuron itself has less often been the 
object of study chiefly because embryonic nerve cells show 
little migration from tissue explants to permit unhindered 
observation. Nevertheless, notable results have been obtained 
from the recent studies of Hogue ('47, '50), Murray and 
Stout ('47), and Pomerat and associates (Pomerat et al., 
'50; Costero and Pomerat, ,51), using fetal as well as adult 
human material. However, neurons in tissue cultures show 
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profound adaptive changes and thus differ in many morpho- 
logical features from neurons in the intact organism. 

The other method of approach involves mechanical separa- 
tion of nerve cells from fresh tissues. Owing to the com- 
plexity of the nervous tissue, it is difficult to avoid injury 
to the nerve cell and its processes during separation. Never- 
theless, observations on these isolated cells have furnished 
valuable information relating to various cell structures in 
the fresh condition as compared with those after fixation and 
staining. The studies of Held (1895)' Marinesco ('ll), Mott 
( '12)' de Moulin ( '23), Wiemann ( '25), Chinn ( '35)  and de 
RQnyi ( '31), using conventional, darkfield, ultraviolet and 
polarizing light microscopy as well as micrurgical technique, 
may be 'cited. 

Previous investigators probably did little more than teas- 
ing the tissue to reveal the cell-body of the neuron for mi- 
croscopic observation. It is, however, more desirable to be 
able to isolate a fairly large number of nerve cells with the 
processes more or less intact and completely free from non- 
nervous elements. Besides lending themselves more readily 
to modern methods of microscopy, such isolat,ed cells may be 
used for the study of the physical properties and the chemi- 
cal composition of the neuron; of the direct action, on the 
neuroplasm, of various chemicals, toxins, enzymes, viruses, 
etc.; and, if methods are available for maintenance of these 
cells in physiological condition, of the metabolism of the iso- 
lated neuron. 

An effort has been made to isolate the motor nerve cells 
from the anterior horn of the human spinal cord. The tech- 
nique consists in shaking the gray matter in a physiological 
salt solution to free the nerve cells from the supportive ele- 
ments and then separating them from each other by the 
method of differential flotation. In  this report, observations 
on the isolated neurons in the fresh condition with ordinary 
light and phase contrast microscopy and on their reactions to  
certain stains and chemicals will be presented. 
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MATERIALS AND METHODS 

Segments of the lumbar portion of the spinal cord were 
removed during autopsy in the Pathology Department of the 
University of Michigan Hospital. The autopsy material con- 
sisted chiefly of hospital patients who died from various 
causes, their age ranging from new-born to over 80 years. 
There was usually an interval of several hours between the 
arrival of the body at the morgue and the performance of 
the autopsy. Cell isolation experiments were made imme- 
diately after obtaining the cord tissue or the tissue was kept 
in the refrigerator temporarily when the experiment had to 
be delayed. 

After removing the dura, the cord was washed with saline 
solution and split along the midline into lateral halves with 
a pointed scalpel. The posterior quadrant was cut away and 
the gray matter of the anterior quadrant was dissected out. 
The anterior gray column thus obtained was cut into small 
pieces and transferred to a test-tube. After adding about 
5ml  of a physiological salt solution (Hanks’ or Simms’ bal- 
anced salt solution or simply 0.85% sodium chloride solu- 
tion) and 10-15 small glass beads, the tube was gently shaken 
by hand for 5 or more minutes until a fine suspension was 
obtained. I n  this crude suspension were completely sepa- 
rated neurons, detached axons and dendrites, fragments of 
myelin sheath, neuroglia and capillaries. At times, especially 
when there was evidence of autolysis in the cord tissue, the 
nerve cells in the suspension were found to be much frag- 
mented. However, in many instances the neurons were intact 
with most of their processes still attached. 

For the separation of neurons from non-nervous matter in 
the gray matter suspension, advantage was taken of the for- 
mer’s slightly greater density. The method used was to sedi- 
ment the nerve cells down a column of fluid having a specific 
gravity of about 1.06. A mixture of equal volumes of 20% 
sucrose and normal horse serum was usually employed. Solu- 
tion of plasma albumin or gum acacia of the same specific 
gravity could also be used, except that with their use many 
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of the cells tended to stick to the wall of the tube after cen- 
trifugation. The diluted gray matter suspension (4 or 5ml) 
was layered on top of an equal volume of sucrose-serum mix- 
ture in a test-tube. After centrifugation at  1,500 r.p.m. f o r  
5 minutes, the nerve cells, together with a small amount of 
other material, settled to the bottom of the tube, but most of 
the non-nervous matter remained above the sucrose-serum 
mixture. The procedure was repeated three or 4 times in or- 
der to get a purer suspension of nerve cells. Although over 
nine-tenths of the non-nervous matter could be removed in 
this way, a cell suspension entirely free of other material 
could not be obtained even when the procedure was repeated 
many times. Finally the nerve cells were suspended in Hanks ’ 
or Simms’ solution with or without the addition of serum- 
ultrafiltrate (Hanks and Wallace, ’49; Simms and Sanders, 
’42). 

The cells could now be examined under the microscope by 
placing a drop of the suspension on a slide and covering it 
with a cover-glass. In  order to study the reaction of the nerve 
cell to various stains, a drop of dilute aqueous dye solution 
was mixed with a drop of cell suspension on the slide before 
microscopical examination. 

OBSERVATIONS 

Nerve cells 

General chccrncteristics. Two types of nerve cells were usu- 
ally isolated by the procedure described above. Besides the 
large multipolar neurons (figs, 1-7, 12-15), there were many 
small ones (figs. 8-11), most of which have a slender, spindle- 
shaped cell-body, with dendrites coming off each end and an 
axon froin one side of the cell-body. These small neurons 
were probably from the dorsal or lateral horn, part of which 
might be dissected out together with the anterior gray mat- 
ter. The observations described in the following account were 
made mainly on the multipolar anterior horn cells. The shape 
of these isolated cells as observed under the microscope was 
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quite similar to that seen in sections of fixed material, be- 
cause it represented simply a view of the cell with its plastic 
cell-body and processes spreading out on the surface of a 
slide. Practically all anterior horn cells were observed to 
have one diameter somewhat longer than the others as de- 
scribed by Kraus and Weil ('26) and occasionally anterior 
horn cells with definitely elongated cell-body were encoun- 
tered. 

Plasma membrane. The neuron appeared to have a limit- 
ing membrane of fair tensile strength. When the cover-glass 
was pressed downward, the cell-body swelled up to form a 
round mass, but resumed its original shape when the pres- 
sure was released. However, no definite structure of this cell 
membrane was discernible by phase microscopy or with the 
the aid of staining. It may consist of just a surface layer of 
specially oriented lipid and protein molecules as suggested by 
Chinn ( '35). 

Ground substance. The ground substance in which the nu- 
deus and various granules are imbedded appears to be ho- 
mogeneous, without fibrillar or reticular structure. It seemed 
to be a viscid, gelatinous substance, because no Brownian 
movement of the cytoplasmic granules was observed and be- 
cause, when the cell was broken, both the ground substance 
and the granules remained with the broken pieces instead of 
flowing out into the fluid medium. The ground substance was 
stained readily with acid dyes, like eosin and erythrosin, but 
not at all with basic dyes. 

Cytoplasmic graniules. When freshly isolated anterior horn 
cells were stained with a dilute solution (1 : 10,000) of methyl- 
ene blue, toluidine blue or thionin, the Nissl bodies appeared 
sharply stained against the unstained ground substance. The 
appearance and distribution of these cytoplasmic bodies were 
similar to those observed in fixed sections. Without the aid 
of stains, the Nissl bodies in the cell-body could not be clearly 
seen by ordinary light microscopy, though those in the den- 
drites could be fairly well made out as well-defined particles 
slightly darker than their surroundings. TJnder the phase 
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contrast inicroscope, the entire cell appeared to be filled with 
granules of various sizes (figs. 7, 15) .  Besides the Nissl bod- 
ies, there was a great number of small granules. The latter 
were also basophilic, though somewhat less so than the Nissl 
bodies. All the granules appeared to be discrete bodies, with 
no indication that the smaller ones joined together to form 
bridges connecting the larger ones as described by Wiemann 
( ’25 ) .  The Nissl bodies appeared to have a well-defined con- 
tour and a homogeneous structure and not formed by the 
aggregation of smaller granules as suggested by Held (1897) 
and Bensley and Gersh ( ’33). Neurofibrils were not seen in 
the cell-body or the processes. Structures indicative of Golgi 
bodies were not observed. 

The process of staining these cytoplasmic granules by basic 
dyes could be followed under the microscope. Immediately 
after a drop of dye solution was mixed with a drop of the 
cell suspension, the dye was taken up by the granules selec- 
tively and progressively. Under no circumstance did the en- 
tire cell appear at  first diffusely stained and then show 
Nissl granules when the dye condensed in certain places as 
reported by de Moulin ( ’23). 

The Nissl bodies were also stained deeply red with methyl 
green-pyronin (each 1 : 5,000). With methyl green alone, the 
Nissl substance was entirely unstained. Some of the fine 
granules were stained by Janus green B (1 : 5,000). Judging 
from their size and shape, such granules were probably mito- 
chondria. All cytoplasmic granules as well as the nucleolus 
were deeply stained by neutral red (1 : 10,000), but the ground 
substance was also slightly colored. 

After isolation, the nerve cells could be kept in Hanks’ or 
Simms’ solution or  simply in normal saline in the refrigera- 
tor  with no apparent alteration in appearance for two or 
three weeks or even longer. However, the cytoplasmic gran- 
ules lost their basophilic property gradually on storage at  
low temperature (4°C.). The loss of basophilia was much 
hastened if the cells were kept at  37°C. Incubation with ribo- 



CYTOLOGY O F  ANTERIOR HORN CELLS 387 

nuclease (1 mg/ml) brought about complete loss of baso- 
philia in one-half hour, while desoxyribonuclease (1 mg/ml) 
did not produce a similar effect in 4 hours. The loss of baso- 
philia, whether caused by storage or enzyme, was not fol- 
lowed by observable disintegration of the Nissl bodies. 

The isolated nerve cell could withstand 1/5NHC1 with- 
out alteration in appearance but the cytoplasmic granules 
promptly lost their property on exposure to acid. When 
placed in 1/5 N NaOH, the cell gradually became swollen and 
finally completely disintegrated in 10-15 minutes. I n  a some- 
what less alkaline medium, the cell was not visibly affected 
but the Nissl bodies were stained reddish purple instead of 
blue with methylene blue or toluidine blue. However, the 
blue color could be restored when acid was added to neu- 
tralize the alkalinity of the medium. 

Occasionally, anterior horn cells that were obviously chro- 
matolytic were isolated from the autopsy material (figs. 14, 
15). Such cells presented, besides disappearance of the Njssl 
bodies, all the other stigmata of chromatolysis as observed 
in stained sections, such as cellular swelling, eccentric posi- 
tion of the nucleus, thickening of the nuclear membrane, etc. 
Phase microscopy showed that many fine granules were still 
present in the cytoplasm of such cells, though the large ones 
had disappeared. These fine granules were also slightly baso- 
philic. It has not been possible to produce the phenomenon of 
chromatolysis in the isolated cells with normal Nissl bodies 
by means of enzymes or chemicals. 

Lipochrome pigment. A brownish yellow pigment was al- 
ways present in the cytoplasm of anterior horn cells isolated 
from an adult individual. It occurred as discrete granules 
collected into one or two clusters beside the nucleus (figs. 2 4 ,  
12-15, 21). Some pigment granules could often be found in 
the dendrites and occasionally a large dendritic trunk was 
filled with them. Both axon and axon hillock were entirely 
free from these pigment granules. 

a Crystalline ribonuclease and desoxyribonuclease purchased from Worthington 
Biochemical Laboratory, Freehold, New Jersey. 
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Lipochrome pigment was absent from the spinal neurons 
of infants and very young children (figs. 1, 5-7, 20). I n  our 
series of over 500 cord specimens, the youngest person who 
first showed pigment in the anterior horn cells was a 6-year 
old child. The pigment was found in all individuals above 
that age and a fair amount was present in teen-aged indi- 
viduals. I n  a rough way, the amount of pigment increases 
with the age of the individual. 

The pigment granules have a characteristic shape and are 
fairly uniform in size (fig. 19).  Though believed to contain 
lipids, they were only faintly stained by Sudan I11 or IV. 
They were not readily soluble in alcohol or acetone and re- 
sisted the action of 6N NaOH which readily dissolved the cy- 
toplasm and nucleus. The latter finding can be utilized in the 
isolation of this pigment for direct chemical analysis. 

Nucleus. The anterior horn cell has a large, vesicular nu- 
cleus with a prominent nucleolus. Often the nuclear mem- 
brane could not be seen in the fresh cell even under the phase 
microscope, probably because of the presence of the large 
cytoplasmic granules. When visible, the membrane sometimes 
appeared wrinkled. I n  chromatolytic neurons, the nuclear 
membrane became particularly evident not only because there 
were no more Nissl bodies to obstruct the view, but also due 
to the fact that there was frequently an accumulation of 
dense, basophilic material around the membrane. The nu- 
cleoplasm appeared to be clear and homogeneous, with a 
slight yellow tint, in the unstained cell. It also seemed to be 
made up of gelatinous material. Imbedded in the center of 
the nucleus is a large, spherical nucleolus, which stands out 
conspicuously in fresh cells, though the other parts of the 
nucleus are obscured by the cytoplasmic granules. The nu- 
cleolar spherules or satellites were, however, often difficult 
to see clearly in the isolated cells. 

Both the nucleolus and the nuclear membrane were stained 
by basic dyes, but the nucleoplasm was not stained a t  all. 
The basophilic property of the nucleolus was much more 
slowly affected than that of the Nissl substance on storage. 
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The nucleolus stained as deeply red as did the Nissl bodies 
with methyl green-pyronin, but with methyl green alone, it 
was also slightly colored green, whereas the Nissl bodies 
were completely unstained. 

Dendrites. The anterior horn cell has three to 20 more 
dendrites coming off directly from the cell-body. The large 
dendritic trunk divides repeatedly into smaller and smaller 
branches. The total length of the dendritic processes from 
the edge of the cell-body to the tip of the terminal branch 
may measure as much as 10 times the diameter of the cell- 
body. 

The surface of the dendrites is not smooth. Many cyto- 
plasmic granules are found to be situated on the surface of 
the dendrite. This surface granulation seems to be a con- 
stant feature of the dendrites. Not infrequently the dendrites 
are marked by the presence of bud-like “excrescences” (figs. 
16-18). Anterior horn cells isolated from certain individu- 
als were found to have many such excrescences on the den- 
drites, although in other cases, few or none were demon- 
strated. Under the phase microscope, they appear to be dark 
particles studded on the surface of the dendrite. They are 
faintly stained by methylene blue or other basic dyes. It may 
well be that these excrescences are simply aggregates of the 
superficially situated cytoplasmic granules. 

Azorc. On account of the absence of Nissl substance and 
pigment granules, both the axon and the axon-hillock were 
readily identifiable even under ordinary light microscope with- 
out staining. For a short distance after its emergence from 
the hillock, the axon is without any covering. Just  before the 
axon acquires its myelin sheath, there is a constriction in its 
diameter (figs. 20-22). It becomes slightly expanded again 
immediately after it enters the sheath, and then the diameter 
is maintained more o r  less constant for some distance. As 
could be imagined, most isolated nerve cells had their axons 
broken at the constricted portion. However, in cells with a 
considerable length of the axon still attached, this constric- 
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tion has been observed without exception. The constriction 
seems to be exaggerated in the nerve cells of infants (fig. 20). 

In the suspension of gray matter there were many seg- 
ments of naked axons as well as gutted myelin sheaths. One 
gets the impression that the axon became detached from its 
sheath during shaking in saline. The segments of myelin 
sheath often showed bulgings at places, probably a result of 
shaking (fig. 23).4 The sheath wall appeared to be shiny and 
homogeneous, with no demonstrable structure. 

The naked axon had a smooth surface and was fairly uni- 
form in diameter, except that slight constrictions seemed to 
occur at intervals (fig. 24). These constrictions are probably 
related to the nodes of Ranvier believed to be present in the 
central nervous system - a subject of current interest (Al- 
lison and Feindel, '49; Hess and Young, '49; Bodian, '50). 
Under high magnification of the phase microscope, it was ob- 
served that there were in the axoplasm many fine granules 
or rodlets which were arranged roughly in rows but not 
evenly distributed (fig. 25). These granules or rodlets had 
smooth and sharply delineated contours and could be slightly 
stained by methylene blue or Jams green B. Besides these 
granules, no other structure could be observed by ordinary or  
phase microscopy with or without the aid of stains. 

Neuroglia 

Some intact neuroglia cells with their characteristic nuclei 
and processes were often seen in the suspension of gray mat- 
ter. They were mainly protoplasmic astrocytes together with 
some oligodendroglias. Because of their lightness, most of 
them were separated from the nerve cells during the process 
of differential A otation. Figures 26-28 represent phase con- 
trast photomicrographs of these glia cells. It will be noted 
that there is a thin clothing of cytoplasm containing the glio- 
' Recently Fernhndez-MorLn ( ' 5 2 )  described the occurrence of fusiform-shaped 

enlargements of the myelin sheath fairly regularly spaced along the course of 
medium- and small-sized myeliiiated fibers isolated from the spinal cord of frogs 
and rats. These enlargements were not considered as artefacts. 
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somes along the delicate processes of the astrocyte. The nu- 
clei of the glia cells differ from those of nerve cells not only 
in structure but also in staining quality. The former are 
stained green, the latter red, with methyl green-pyronin. 

DISCUSSION 

Probably on account of its large size and relatively easy 
accessibility, the anterior horn cell (next to the spinal gan- 
glion cell) has often been the object of study in experiments 
with nerve cells in the fresh state. Though it has been pos- 
sible to tease out a few cells from the spinal cord for study, 
probably no one has succeeded in isolating completely a large 
number of intact neurons f o r  observation and experiment as  
in the present work. Nervous tissues of a variety of am- 
phibian and mammalian species have been used before, and, 
in one instance, human autopsy material has been used. We 
refer to Wiemann's study ( ' 2 5 )  with ultraviolet light micro- 
scopy on the anterior horn cells isolated from the spinal 
cords of two fatal cases of general paresis shortly after death. 

Like the structure of all other cells, the nerve cell consists 
of a nucleus and a variety of granules suspended in a ground 
substance enclosed in a limiting membrane. What is pecu- 
liar to the nerve cell is its gelatinous consistency; the proto- 
plasm of other tissue cells isolated in a similar manner ap- 
pear to have relatively low viscosity. This is in accord with 
all previous observations on fresh neurons, especially de 
R b y i  's micro-dissection studies on the spinal motor cells 
of the frog ( '31, '32). It is impossible to ascertain whether 
the nerve cell in the living organism is in this gel state or 
the gelation is incidental to the process of isolation. How- 
ever, the study of Beams and King ('35) on the effect of 
ultracentrifugation of the spinal ganglion cells also points 
to high viscosity of their neuroplasm. 

Confirming the findings of previous observers on the nerve 
cell in the fresh state, few of the cytoplasmic components are 
visible by ordinary light microscopy. This has given rise to 
the opinion held by some observers that certain cytoplasmic 
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structures, especially the Nissl bodies, neurofibrils, and Golgi 
bodies, do not exist as such in the living neuron. (See a re- 
cent discussion by Beams et al., '52). The phase contrast 
microscope has revealed a variety of granules in the cyto- 
plasm of the unfixed and unstained neuron, but neurofibrils 
and Golgi bodies have not been observed in the present study. 
The large cytoplasmic granules, because of their size, shape 
and distribution, undoubtedly correspond to the so-called 
Nissl bodies. The difficulty in observing these bodies by ordi- 
nary light microscopy is certainly due to lack of sufficient con- 
trast and cannot, therefore, be considered as an evidence for 
their non-existence in the fresh neuron. Ralph ('52) recently 
reported the demonstration of Nissl substance in the nerve 
cell of the rat with phase microscopy without the aid of 
s t ains. 

Our observations show that all the cytoplasmic granules 
are basophilic, though the small granules are much less so 
than the large ones. Since basophilia of the Nissl substance 
is attributed mainly to its ribonucleic acid (RNA) content 
(Gersh and Bodian, '43), it would follow that the smaller 
granules may also contain RWA though in small amounts. 
This is plausible because it is believed that nearly all RNA 
in the cytoplasm of the adult cell is associated with the cyto- 
plasmic granules (Davidson, '47). That the nucleic acid in 
the Nissl substance is of the ribose type is further substan- 
tiated by its staining reaction to methyl green-pyronin and 
by the specific action of ribonuclease in the present observa- 
tion on fresh cells, just as has been demonstrated in fixed 
sections before (Brachet, '40; Gersh and Bodian, '43; Hy- 
d h ,  '47). Though Einarson's results ('35) seemed to indi- 
cate that the Nissl bodies are partially stained by methyl 
green, we have not found this to be the case. Unna and Gans 
('14) also stated that purified methyl green did not stain 
the Nissl bodies. However, the nucleolus has been shown to 
be slightly stained by methyl green, which is undoubtedly due 
to the existence of a thin shell of desoxyribonucleic acid 
(DNA) around the periphery of the nucleolus (Hydkn, '47). 
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The fact that the cytoplasmic granules lose their basophilic 
property more rapidly than does the nucleus seems to indi- 
cate that the RNA present in the cell becomes depolymerized 
and probably degraded on storage much more rapidly than 
does DNA. A similar phenomenon has been reported with 
mouse ascites tumor cells (Klein, Kuruck and Klein, '50). 

Phase microscopy has indicated that the cytoplasm of a 
chromatolytic nerve cell still contains many fine granules, 
though the large Nissl bodies have disappeared. Wiemann 
reported the same observation with ultraviolet light micro- 
scopy. It is impossible to tell, however, whether these fine 
granules represent degradation products of the Nissl bodies 
or substance of an entirely different chemical nature. Ac- 
cording to Gersh and Bodian ( '43) depolymerization of RNA 
in the Nissl bodies by ribonuclease or similar enzymes in the 
neuron may account for the breaking up of these bodies with 
consequent increase of cytoplasmic osmotic pressure result- 
ing in an uptake of water causing cellular swelling, eccentric 
position of the nucleus, and other changes in chromatolysis. 
However, in the present study we have shown that though 
ribonuclease promptly removed basophilia of the Nissl bod- 
ies in the isolated neuron, no apparent alteration in the struc- 
ture of these bodies took place. Possibly, additional factors 
besides RNA depolymerization may be necessary to start the 
chain of events leading to chromatolysis. 

The lipochrome pigment in the nerve cell has been studied 
by many earlier neuroanatomists. Our findings concerning 
the time of appearance of this pigment in the anterior horn 
cells are in agreement with those of Pilcz (1895) and Ober- 
steiner ( '03, '04) who found that the pigment first appeared 
in the spinal ganglion cells at the 6th year, in the spinal cord 
about two years later, and still later in the cerebral cortex. 
The lipoid nature of this pigment has long been known on 
account of its stainability by certain fat  stains. Recently, at- 
tention has been called to its acid-fast property (Wolf and 
Pappenheimer, '45) and the presence of a carbohydrate com- 
ponent in its make-up (Dixon and Herbertson, '50). Because 
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of its early appearance in life, this pigment has been consid- 
ered as a product of activity rather than of senescence. If 
it is a metabolic product peculiar to certain nerve cells, an 
accurate knowledge of its chemical composition may throw 
some light on the metabolism of the neuron. This will de- 
pend on successful isolation of this pigment in sufficient 
amounts for chemical analysis. 

It is well known that marked difference in structure exists 
between dendrites and axons. One constant feature about the 
dendrites is the presence of granulations on their surface. 
In cultures of nervous tissue, the cytoplasmic granules in the 
neurites have also been observed to have the tendency to 
migrate toward the edge (Costero and Pomerat, '50). We 
have interpreted the occurrence of excrescences on the den- 
drites of the anterior horn cells from certain individuals to 
represent an  exaggeration of this surface granulation. An- 
other possibility is that the excrescences are the detached 
boutons of the axons of other neurons terminating on the 
neuron in question. However, in our material, nerve cells 
which show numerous excrescences over their dendrites rarely 
show similar structures on the cell-body. One would expect 
boutons terminating on the cell-body just as numerous as those 
ending on the dendrites. 

Unlike the dendrites, the axon has an entirely different 
structure. Not only are the coarser granules entirely absent 
but also the fine granules in the axon seem to be arranged in 
rows along the longitudinal axis of the axon. These fine gran- 
ules are probably mitochondria. Their arrangement in rows 
in the axon were described before by Held (neurosomes) in 
stained sections. We are, however, unable to demonstrate 
the presence of a mesh-work (axospongium) in the axoplasm 
by phase microscopy. As some other observers have found, 
no definite structure is discernible in the fresh axon by ordi- 
nary light and darkfield microscopy (Auerbach, '29 ; Ettisch 
and Jochims, '26; de RQnyi, ,as). 

The constriction of the axon just before it acquires the 
myelin sheath is of special interest. We believe that this is 
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a constant feature in all anterior horn cells. Strong and 
Elwyn ('48) have presented the photograph of a section of 
an infant's spinal cord showing the same phenomenon in one 
of the spinal motor cells. Ram6n y Cajal ('11) has called 
attention to a similar constriction in the axon of the Purkinje 
cells of the cerebellum. Whether this constriction in the 
initial segment of the axon occurs also in other neurons re- 
mains to be demonstrated. It has been suggested that the 
narrowing in the diameter of the axon in this region may 
constitute an anatomical basis for the axon-soma block of 
nerve impulses under certain physiological conditions (Chang, 
'52). That the occurrence of other constrictions further in 
the course of the axon inside the spinal cord is probably re- 
lated to the presence of the nodes of Ranvier in the central 
nervous system has been alluded to  above. 

SUMMARY 

A method has been described f o r  the isolation of nerve 
cells from the anterior gray column of the spinal cord of 
man by shaking the gray matter in a physiological salt solu- 
tion to free the cells from the supportive elements and then 
separating them by differential flotation. The structure of 
these isolated anterior horn cells has been studied by con- 
ventional and phase microscopy and with the aid of certain 
stains and chemicals. . 

The cytoplasm of the nerve cell consists of a homogeneous 
ground substance of high viscosity, suspended in which are 
numerous granules (Nissl bodies, mitochondria, lipochrome 
pigment, etc.). Neurofibrils and Golgi bodies have not been 
observed in the present study. 

The Nissl bodies are not clearly visible under ordinary 
light microscope but are demonstrable by phase microscopy. 
They have strong affinity for basic dyes, but the basophilic 
property is lost upon storage, Incubation with ribonuclease 
promptly removes the basophilic property, but Nissl bodies 
show no remarkable change in appearance after the loss of 
basophilia. Frankly chromatolytic neurons were occasionally 
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isolated from certain individuals. However, it has not been 
possible to produce the phenomenon of chromatolysis on neu- 
rons which have normal Nissl bodies at the time of isolation. 

Lipochrome pigment is absent from the nerve cells of the 
new-born, begins to appear early in life (at about the 6th 
year), and increases in amount with advancing age. The 
pigment granules are resistant to certain chemicals which 
readily destroy the neuroplasm. 

The dendrites have surface granulations which may occur 
in aggregates to give the appearance of excrescences in the 
nerve cells from certain individuals. The axon has a smooth 
surface, but the axoplasm also contains many fine granules 
which are arranged in rows but not evenly distributed. The 
axon shows a distinct narrowing in diameter before it enters 
the myelin sheath and has constrictions at intervals, pre- 
sumably corresponding to the nodes of Ranvier believed to 
be present in the central nervous system. 

The nucleus is vesicular, containing a large nucleolus. There 
is a well-defined nuclear membrane, though in the fresh nerve 
cell its visibility is often obscured by the densely packed cy- 
toplasmic granules. 

It is suggested that for other than cytological studies, these 
isolated nerve cells may furnish suitable material for the 
study of the physical properties and the chemical compo4- 
tion of the neuron, the reactions of the neuroplasm to  vari- 
ous chemical and biological agents, and possibly the metabo- 
lism of the isolated neuron. 
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PLATE 1 I 

EXPLANATION OF FIGURES 

j”J t L t c 1 
#.”,:. 

-Anterior horn cells isolated from individuals of different ages. 

1 An anterior horn cell from a three-year old child. Note the absence of lipo- 
chrome pigment. X 290. 

An anterior horn cell from an 18-year old man. A moderate amount of lipo- 
chrome pigment inside the cell. X 290. 

An anterior horn cell from a 56-year old man. Note a much larger amount 
of lipochrome pigment. X 290. 

A higher magnification of the cell in figure 3. The nucleus has a prominent 
nucleolus and a distinct membrane. Nissl bodies are not visible. X 620. 

2 

3 

4 
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PLATE 2 

EXPLANATION O F  FIGURES 

Anterior horn cells of a newborn infant. 

5 A spinal neuron isohtcd from a newborn. Note the iiuinber and length of 
the deiidritic processes. X 340. 

A spinal neuron from a nev-born. 
fairly well seen. >( 620. 

G Both nucleus and Kiss1 bodies call be 

7 Phase microscope view of an  infant anterior horn cell. The Nissl bodies 
are clearly visible. X 620. 
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PLATE 3 

EXPLANATION 0% FICURITS 

8,  9, 10, 11 Small nerve cells isolated from the spinal cord of adul t  men. T l iq  
are differciit from the spinal motor neurons in both size and shape. Sortlc, 
lipoclirome pigment is also found in the cytoplasm. X 240. 

404 



CYTOLOGY OB ASTERTOR I lORN CELLS 
LIANG-WE1 CIIU 

PLATE 3 

405 



PLATE 4 

E1PLhNATIOPi O F  FIGL-ttES 

Cump:ii isori of ~ioiiii:il and chroniutolytic iiiitriior lioiii cells. 

12 A noimal anterior lioin c ~ l l  from a 60-yc:ir old man, stained with 1: 10,000 
nietliylene blue. Note well defined Nissl bodies. X 620. 

13 Another cell fioiii the same individual viewed uiidei plinsc miciosropc. 
Xissl bodies are nell  demonstrated. X 620. 

14  A cliiomatolytic aiiterior horn cell from a 62 >car old man, staiiicd with 
1 : 10,000 mutliyleiie blue. Note markedly swollen cell-body, complete a1)seiit e 
of Nissl bodies, aiid eccentric position of  the iiucleus. 

Another chromatolg t ic  neuroii f i  om the same inoii, under phase mici o s c o l ) ~ .  
Cell-body swollen, cytoplasm filled with fine granules, but n o  Xissl 11od 
ies. X 620. 

X 620. 
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PLATE 5 

EXPLANATION O F  FIGURES 

16 “Excrescences” oil the surface of a large dendrite trunk. X 1150. Phase. 

17 Sinall dendritic branches showing surface granulation. X 1150. Phase 

18 An anterior horn cell from a 48 year old man, showing x large nunibor of 
“excrescences” on the surface of the dendrites. 

Free lipochrome pigment granules nftcr the cytoplasm of the nerve cell wzis 
dissolved by NNaOH. X 620. 

x 520. 
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PLATE 6 

EXPLANATION O F  FIGURES 

Infan t  and adult aiiterior horn cells showing a constrietioii in the diameter of 
tlic axon slioitly after its einc’rgence from the cell-body. 

20 An xntrrior horn cell from a newborn infant. Shortly after leaving the 
cell-body, the :ixoii tapers into a thin thread (arrow) and then gradually 
exp i ids  again to form a n  axis cylinder of fairly uniform dinmc~tcr. x 340. 

Aii anterior horn cell from a 53-year old man, sliowiiig a distinct constric- 
tion in the iiiitial segment of the axon (arrow). 

Aiiother anterior horn cell from the same indiIidua1, showing a imrrowing in 
the diameter of th r  : I Y O ~ I  (arrow) immediatrly hefore i t  enters th r  myrlin 
slieatli. X 520. 

2 1  
X 240. 

22 
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PLATE 7 

EXPLANBTION OF FIGURES 

23 A scgmeiit of myelin sheath with a bare axis cylinder protruding from one 
end. Kote bulgiiigs of the myelin sheath. X 240. 

“Nodal constriction” of a naked axon. The myelin sheath is believed to 
become detached from the axon during cell separation processes. x 620. 
Phase. 

A highly magnified view of a segment of a naked axon. X o t c  the presence 
of granules and rodlets in the axoplasm. X 1360. Phase. 

24 

25 

26 A protoplasmic astrocyte. X 520. Phase. 

27, 28 Oligodendroglias. x 620. Phase. 
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