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I. INTRODUCTION.

The purpose of this paper 1s twofold: First, to summarize and
correlate the more important contributions on the structure of
invertebrate nerve cells exclusive of the neuro-fibrille (a special
problem which cannot be adequately treated in the space allotted
to this review); and, second, to present our own studies on the
structure of the gasteropod nerve cell with special reference to
the problem of the so-called N1ssL bodies, whose nature 1s still in
controversy. It has been maintained that these bodies are arte-
facts. Inasmuch as we have been able to cause them to appear
by feeding experiments and have been able to photograph them
in the living and unstained nerve cells, we feel reasonably sure of
their actual existence and shall make suggestions as to the manner
of their development, as well as their probable function. In a
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later paper we hope to show structural and physiological simi-
larities between the nerve cells of invertebrates and vertebrates.

The various terms employed to describe the stainable and non-
stainable substances of the cytoplasm of vertebrate nerve cells have
been in large measure carried over to the description of the inver-
tebrate nerve cells. Since the NissL bodies were discovered and
known as the visible or stainable part of the cytoplasm, the fol-
lowing words have been used for similar structures; the chromatic
substance, the chromophile part of the cytoplasm, the chromato-
phile elements, the chromophilic particles, the basophile constit-
uents, the tigroid substance, the sigroid substance, the collagenous
substance, granules or granular substance. The names of most
of the authors who have created this confusing and unnecessary
terminology may be found in RoBERTSON’S review. In a similar
manner the non-stainable substance is designated as the achro-
matic, fundamental, invisible, not formed, unstainable, acidophile
substance, trophoplasm, or kinetoplasm. The fibrillar substance
is included in these terms although it is a distinct structure and
whether it is considered as a part of the stainable or non-stainable
substance depends largely on the writer.

"The pigment found in nerve cells of the central nervous system
is deposited in masses distinct from the NissL bodies and is pale
yellow or dark brown. These seem to be unlike, the brown appear-
ing early in life and ceasing to increase after a few years. Itis not
blackened by osmic acid. The yellow appears in man during
the sixth year, increases with age and is blackened by osmic acid.
Some writers maintain that the yellow is not fat, but that it under~
goes fatty degeneration. In certain mental diseases there is an
accumulation of this pigment and a breaking down of the struc-
ture of the cytoplasm.  Whether the two processes are related
or not 1s unknown. A golden yellow pigment is found in the nerv-
ous system of certain gasteropods and a yellow pigment in other
classes of invertebrates, the origin and use of which are somewhat
problematic.

A further modification of the cytoplasm of nerve cells is found
in the presence of vacuoles, lymph spaces and the actual though
infrequent penetration of nerve cells by capillaries. The vacuoles
occur in the cytoplasm, nucleus, and nucleolus and are probably
in each case formed in a similar manner even when the exciting
cause is different. The vacuoles which occur in the nucleolus
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are similar to those that occur in this structure in ova in most
animals during their growth. The vacuoles that occur in the
nucleus are not as common and it is doubtful whether they are
normally present. So far as we are aware they have not been seen
in the living nerve cells, but'are common in cadaveric specimens.
Nerve tissue poorly fixed may also exhibit them, which renders it
all the more probable that they are artefacts.

The vacuoles in the cytoplasm are present in the nerve cells of
many animals both vertebrate and invertebrate. They can be
seen in the living nerve cells of Gasteropods and have been reported
in some vertebrate nerve cells. In well fixed and stained sections,
vacuoles are very commonly.found which agree in form and appear-
ance with the conditions in the living cells. Considerable work
has been done to determine the question whether or not these
cytoplasmic vacuoles have a definite wall. It is necessary in this
connection to distinguish the vacuoles from the lymph spaces and
capillaries. The vacuoles are usually small and irregularly dis-
tributed throughout the cytoplasm. They contain a homogenous
fluid or differential bodies, and their presence is, we believe, inti-
mately associated with the metabolism of the cell and probably
with 1ts constructive phases. These vacuoles vary in number in
the same animal and in the same species. This would indicate
that they are transitory structures which appear when certain
chemical changes occur, and then disappear. A very critical
study of the cytoplasm in contact with the vacuoles fails to show
any evidence of a separate wall. The vacuole in the living nerve
cell forcibly reminds one of the food vacuoles in protozoa which
appear to have a wall; but this appearance is really due to the con-
tact of fluids of different refractive index. In stained specimens
the vacuoles look as if they were limited by a more deeply staining
border, but this may be explained as due to the accumulation of
cytoplasmic granules about the enclosed liquid. We believe that
it is no more proper to speak of a wall for these vacuoles than it is
to say that the numerous vacuoles in a protozoan have walls.

The lymph spaces are of a different character and are usually
located in the periphery of the cytoplasm. They are intimately
associated with the circulatory system and may contain blood.
In some of the larger invertebrate nerve cells the periphery is
richly supplied with lymph canals which may occasionally con-
tain corpuscles. These canals or spaces can in many instances
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be traced directly into the surrounding neuroglia tissue and appear
to be of a more permanent character than the vacuoles. We are
inclined to believe that these lymph canals are supplied with defi-
nite walls.

A sufficient number of cases has been described to show that
occasionally nerve cells are actually penetrated by capillaries.
We have observed one mstance in Helix. These capillaries ter-
minate in finger-like branches or pass through the cell or even
through two or three adjacent cells. They have a definite wall and
contain blood corpuscles.

The question as to how the nerve cell 1s nourished, and how
it maintains itself during long periods of excitation, long fasts or
hibernation 1s one which has attracted the attention of scientists
and will continue to do so. The appearance and disappearance
of the granular particles in the cells at once gives evidence that
they are temporary structures. It is natural to think of nerve
cells as performing one function, and we frequently lose sight of
the fact that the cell has a protoplasmic structure which must be
nourished just as truly as that of any other cell. The activities
of a nerve cell are not all of a nervous character; metabolic
processes must go on here just as truly asin the muscle cell or the
gland cell. But these processes may be overshadowed or concealed
by the more specialized activities of the cell.

We shall attempt to show that these metabolic processes actually
take place within the nerve cell, that certain food substances are
stored up within the nerve cell, that these substances may remain
in the cells for long periods, and that they may be called upon at
any time of want or stress to supply material out of which new
protoplasm may be built or to act as a source of energy.

Twenty years after the admirable work of NANSEN, we can do
no better than to quote from him the following sentence. “If
we look through the modern literature having special reference to
the invertebrate nervous system, and compare the many different
views of the structure of the ganglion cells, we meet with a con-
fusion on the subject which is far from encouraging.”

II. MORPHOLOGY OF THE GASTEROPOD NERVOUS SYSTEM.

Much of the work on nerve cells where a direct stimulation has
been employed has been on a certain ganglion through a specific
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nerve passing to that ganglion.
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The nervous system of gastero-

pods does not permit of any such treatment, as the following

description and diagram shows.

may be taken as typical of
the common snails. It
makesits first appearanceon
the sixth or seventh day after
the eggs are laid (Henca-
MAN ’90) and is derived en-
tirely from the ectoderm.
The several ganglia which
constitute the nervous sys-
tem of Limax arise separ-
ately to become secondarily
joined by commissures.

In the adult stage, the
central nervous system con-
sists of five pairs of ganglia
and a single ganglion asym-
metrically placed. The rel-
ative position of the ganglia
can be appreciated from the
view shown in Fig. 1. ¢In
passing from behind for-
ward, the ganglia are en-
countered in the following
order: (1) The pair of pedal
ganglia, which lie under the
radular sac, and are joined
to each other by an anterior
and a posterior commissure;
(2) one abdominal ganglion
a little to the right of the me-
dian plane (which is inti-
mately fused with the right
visceral, and is also in close
connection with the left vis-

ceral ganglion, p. 199); (3)

Fic. 1. Nervous system
of Limax agrestis dissected
and drawn from nature by
H. S. Cabpmus. I, pedal
ganglion; II, abdominal;
111,visceral; IV, pleural; V,
cerebral; VI, buccal; 1, 2, 3,
innervate the foot; ¢, 5, 6,
7, I3, innervate body wall;
&, to aorta; 9, pulmonary
sac; Io, palleal; 11, ant.
palleal wall; 72,to intestine;
14, optic; I5, copulatory;
16, tentacle; 17, buccal; 18,
buccal commissures; 19, la-
bial; 20, cesophageal.

The nervous system of Limax

/

a pair of visceral ganglia occupying the posterior angle formed by

the outgrowth of the radular sac from the cesophagus.

They are
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separated by the abdominal ganglia from which connectives pass to
them; (4) a pair of pleural ganglia, not joined by a commissure and
not giving off nerves. They are united by means of connectives
to the pedal, visceral, and cerebral ganglia of the same side; (5) a
pair of cerebral ganglia with their supra-cesophageal commissure
and connectives to the pleural, pedal, and buccal gangha; (6) a
pair of buccal ganglia, with a commissure under the aesophagus
posterior to its connection with the sac of the radula.” (Quoted
from HENcHMAN ’go, p. 193.)

A comparison of this drawing with those of pond snails by
Lacaze-DuTtHIERS shows a number of differences in respect to the
origin of the nerves and the announcement of two nerves that are
not shown in his figures.

III. LYMPH CANALS.

Structures known as lymph canals we differentiate from vacu-
oles, although both have a similar appearance in the fixed cell.
This distinction is made after a study of the living nerve cell.
In a subsequent section on vacuoles it is suggested that in certain
instances the lymph canal, trophospongium, etc., are not real
lymph spaces, but isolated and independent vacuoles. That
lymph canals do really exist in nerve cells seems to be well estab-
lished, as the accompanying review indicates. Our study of
fixed material in Helix and Aplysia shows that the outer border
of the cytoplasm 1s frequently penetrated by spaces, as well as
numerous processes from the neuroglia. Many of the drawings
of RuHoDE and HoLMGREN indicate a similar state of the cytoplasm
so that we believe that these lymph canals have a rather general
distribution 1n invertebrate nerve cells. HoLMGREN in his sev-
era] papers has given an elaborate account of lymph-spaces. Ap-
parently the same class of structures had been previously described
under the caption “intercellular neuroglia” by REODE. RHODE
observed these structures in various animal classes, making a
special study of Aplysia, Helix, and Doris. His results are inter-
preted in terms of his theory of work on the part of the neuroglia
cells. The neuroglia cells are not considered as intruders but
as cells which by their activity build up the nerve cell.

In order to give some conception of the extent and importance
of the work on lymph canals, the following rather full review is
made.
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Our review of the work of HOLMGREN can give us at best but an inadequate con-
ception of its amount and quality. His numerous papers, while somewhat con-
troversial, contain a large range of observations on fixed nerve cells, both verte-
brate and invertebrate. His main contention seems to be centered around the
character of the cytoplasm. Whence come the numerous spaces in it, and what
of their character ! It seems to us necessary to include here a review of some of his
studies upon the nerve cells of vertebrates, since he makes this his starting point.
A good summary of HOLMGREN's ideas concerning the structure of the nerve cell
may be found in vol. 11 of MERKEL and BonNET’s Ergebnisse.

HowmGrEN ('o1) makes ‘the first mention of the ‘““Saftkanilchen” in the spinal
nerve cells in his paper on Lophius piscatorius, where he makes the following
statement, “localized endocellular nets of ‘Saftkanilchen’ are seen espeeially well
in the rabbit.” A thick network of fine tubules is to be seen in the cytoplasm
surrounding the nucleus, and usually near the poles of the cell. The sectioned
lumina of the tubules are always circular in outline and are always sharply marked
off. Here and there one can find how these networks of tubes are connected with
the pericellular tubes. In these places the walls are clearly marked. Within the
cells the author could see no definite walls to the canals. Most of the cells of the
spinal ganglia possess such networks, but they do not always geem to agree with
each other with respect to the breadth of the lumen or the wall of the canal.

In the cells the author distinguishes two cytoplasmic zones, an inner canalicular
and an outer extra-canalicular zone. These canals are supposed to have walls—
at any rate something which appeared to be a wall stained red with ervthrosin. In
addition to the observations just cited upon the rabbit, the author studied the dog,
cat and various birds. In these animals he found remarkably strong dilated
canals winding in a corkscrew manner through the ganglion cells. From the peri-
or extra-cellular tubes more or less numerous canals force their way into the ganglion
cells. Inside of the cell they often divide in the characteristic finger-form manner,
and they turn in manifold ways, not infrequently in spirals. By this means there
exist glomerulus-like collections of tubes in the cell. In the case of the birds there
were seen canals so strongly dilated that the protoplasm appears only as islands or
thread-like heapsbetween thetubes. These dilations or tubes are notlocalized in any
particular part of the cell but may be found in any part. He says that these tubes
must correspond to the bands which were described by NEL1s, with the exception
that NEL1s did not make any mention of bands going out of the cell. Such con-
nections do not exist in all cases, but are nevertheless general. HoLMGREN could
find these cells in the sympathetic and central nervous system of birds. He con-
sidered the canals which may be continued beyond the limits of the nerve cell as
lymphatic passages.

As opposed to Stupnicka, HOLMGREN says that the lymph canals come from
the anastomosis of vacuoles or alveoli, and again he states that the canals in the
case of Petromyzon are bounded by intensely staining walls which continuzd rectly
outside of the nerve cell into the walls of the extracellular paths.

If one stimulates the spinal ganglion cells by means of weak induction currents,
almost all parts of the whole canal are strongly widened. This agrees with the
statement of NELIs that the bands occur in altered cells. “The nerve cells are
permeated with a very rich canal system hitherto unsuspected, and only the more
dilated parts of these networks are the passages which I was able to see before.”
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The great dilations of the canals are certainly only accidental, and so one can
understand without anything further the great variability of the canals.

After working upon a variety of animal forms both vertebrate and invertebrate,
and especially upon Lophius, the author concludes that his former position in
harmony with that of Frrtsca ('86) is a mistaken one and that the vessels are not
blood vessels within the nerve cells but are to be considered as lymphatic in their
nature, and that they press their way into the nerve cells and there branch about.
Among the invertebrates he finds Astacus and Palzmon, next to Lophius, excellent
material for clearing up the true nature of the lymph canals.

In very young animals he finds the canal net to be remarkably simpler than in
the case of older animals. Often this net is to be found at one pole of the very
eccentric nucleus. The sympathetic nerve cells of the mammals show the canal
nets only within the cell body. The same nerve cells of the bird, like the central
nerve cells of all the vertebrates studied, possess continuations of the net also within
the dendrites. An electrically stimulated nerve cell of the bird will show, according
to HoLMGREN, the presence of the lymph canals in the neurites.

Fic. 2. The intracapsular cells surround the nerve cell. The trophospongium branches as a net of
coarse threads through the endoplasm and at two points reaches the surface connecting itself with the
colored bodies of the intracapsular cells. After HoLMGREN (*o4, Fig. 1).

The question as to the morphological and genetic character of the lymph canals
has been much discussed and various opinions held. NEL1s considered them as
achromatic hyaline hands, buthe seems to be somewhat uncertainin hismeaning. To
him they are riddles as to morphology and function. HoLMGREN and his followers
believe them to be canal-like, fluid carrying structures. According to HOLMGREN
and his followers the bands of NELIs are only modified parts of the lymph-canals.
HoLMGREN opposes the view that they are formed out of the nerve cells but holds
that they press into the substance of the nerve cells from without in the form of
hollow processes (Kapselfortsitse). He further claims to have seen unmistakable
nuclei-bearing capsule processes in the spinal nerve cells of Lophius and other
teleosts, also in the gastric ganglion cells of the Crustacea, within which there were
sap spaces. According to his view these canals do not represent drainage tubes
but are rather the morphological expression of certain phases of the penetration of
nerve cells and the intracapsular cells belonging to them. The trophospongium
has pseudopodia-like mobility whose intensity is supposed to depend upon intra-
cellular chemical processes (Fig. 2).

The lymph-canals are of a lymphatic nature and are certainly associated with
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the nourishment of the cell. NELIs claims that as the nerve cells change there is
a decrease of the tigroid substance which is accompanied with an increase in the
amount of the transparent bands. HOLMGREN believes that the localization of the
tigroid substance should coincide with the appearance of the canals, that the canalicu-
lar zone of the cell should be the tigroid layer free of ectoplasm. The tigroid
substance stands in a causal relation to the lymph clefts and is associated with their
activities. Where the clefts are especially dilated, a rich accumulation of tigroid
substance takes place. In more protracted periods of activity the clefts become
smaller and the tigroid substance vanishes; but in such places where the tigroid
substance remains, the clefts remain dilated. Electric stimulation points to the
same conclusion. The nerve cells, as a result of such a stimulus, receive new
supplies of tigroid substance and at the same time become somewhat larger;
accompanying this, there is a dilation of the lymph clefts. This leads one to
believe that the electric current calls forth an alteration of the circulatory relations.
HOLMGREN cites a number of investigators whose work bears directly on the inter-
pretation of these structures as follows:

Apamkiewicz ('86) from his researches with injections could have made the
same report, that the nerve cells are furnished with their own blood vessels and
that the nuclei of these cells should present venous spaces, but these discoveries
have nothing to do with the sap canals which do not carry blood. From the work
of other investigators it is evident that blood vessels very rarely enter nerve cells.

Fritsca (’86) found that blood vessels were constantly to be found in the giant
ganglion cells of Lophius piscatorius. HOLMGREN uses the results of FriTsch to
confirm his own belief that lymph spaces exist in the cell, but makes the additional
statement that the blood capillaries are supposed to be drawn into the cell through
endocellular branching processes. In 1900 HOLMGREN came to the conclusion
that these spaces in the cells were not to be considered as blood vessels but rather
as lymph spaces in so much as they do not carry corpuscles. STUDNICKA in the
same year expressed the same belief, though more indirectly.

NEevis ("99) describes in nerve cells homogeneous non-staining bands of a skein-
like appearance found within the cell. These appear in various places in the cell
body. They exhibit various forms, half moon, spiral, corkscrew, and hang
together at the ends, but do not form a true reticulum. They are to be found in
the cells of the spinal and sympathetic systems as well as in the brain. They are
particularly prominent in animals which have been poisoned. HoLMGREN claims
that these structures are the same as are called “Saftkanilchen.”

Stupnicka (’9g9) held that the canals are formed from the running together of
vacuoles which had formed in the cell in a row.

BeTHE (‘00) opposes this view on account of the fact that he had observed
single canals which passed completely through several nerve cells and their cap-
sules at the same time.

Fracnrto (‘oo) regarded the canals as thé remains of the interstices between
the neuroblasts, through whose melting together the single nerve cells are supposed
to come into existence.

PucNaT (g97) believes that the canals force their way into the nerve cells from
without, as lymph capillaries.

PEwsNER-NEUFELD ('03) studied the finer anatomy of the nerve cells in the
nervous system of the white rat and guinea pig. He does not find that there are
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distinct zones in the plasma of the cell. Small canals are scattered throughout
the cytoplasm, no region being free from them. They do exist in the nucleus
(Fig. 3). The canals may or may not occur in the protoplasmic processes of the
cell. The canals run about the NissL flakes, sometimes passing through them,
at other times merely surrounding the flakes, or they may be free in the cytoplasm.
Some of the small canals approach the nuclear membrane, but in no place were
they seen to penetrate it. The size and extent of the canals is dependent on the
physiological state of the cell. The canals do not have a distinct wall but a linear
boundary due to the arrangement of the cytoplasmic granules. The intracellular
lymph canals of the central ganglion cells open into channel-like spaces.

Fic. 3. Fic. 4.

F1c.3. Ganglion cell of white rat. Illustrates penetration of cytoplasm and nucleus of nerve cell by
sap canals. The isolated clear spaces are the cut ends of sap canals. After PEwsner-NEureLd (o3,

Fig. 3).
F16. 4. Alarge ganglion cell with tubes formed from the capsule extending entirely through it. After
Berue (Yoo, Fig. 2).

Stupnicka ('99) presents a discussion of the origin and use of the canals in
ganglion cells. The little canals can very often be followed in the body of the cell
some distance, indeed, often through the half of the entire cross section of the cell.
They are seen in such a study to branch freely. These little canals which areiden-
tical with those described by HoLMGREN, arise very likely through the union of a
row of vacuoles. Many of the canals have smooth outside walls. Some separate
vacuoles are found which are explained as being the cross sections of the branches
of such vacuoles as have not yet fused into canals. He is unable to define the con-
tents of the canals and alveoli, but suggests that they are during life, no doubt
filled with a fluid which may be identical with that in the pericellular space with
which the little canals are united. Some of the greater alveoli contain a homo-
geneous substance which colors more intensely with eosin and is to be considered
a special deposit.
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BetHE ("00). We have here to do only with dependent canals (blood vessels)
which can be proven only by injections. No nuclei are to be found in the walls of
these canals. The canals result from the fusion of separate vacuoles. The canals
have nothing in common with the neuro-fibrille (Fig. 4).

IV. VACUOLES.

The presence of vacuoles or vacuolar-like structures in the cyto-
plasm of nerve cells is a common structural character. They
have been recorded as follows:

HobeE’s ('92, 'g4) work is of great importance to all interested in the question
of fatigue and the accompanying structural changes in the nerve cells. The spinal
ganglion cells of the frog, cat and dog, under electrical stimulation and the spinal
ganglion and brain cells of English sparrow, pigeon and swallow show the follow-
ing changes. The nucleus undergoes a marked decrease in size and changes from
a smooth and rounded structure to one having a ragged outline. Its reticulate
appearance is changed and the whole structure takes a denser stain. The cell
protoplasm gives evidence of slight shrinkage and the formation of vacuoles. These
vacuoles appear quite constantly in the ganglion cells of birds. The vacuoles have
a sharp outline and a definite shape in the rested animal but are indistinct in the
bird that has been at work during the day. Vacuoles also appearin the honey bee
under the following conditions. Honey bees were collected in a raspberry patch
as soon as they appeared in the morning. The first six bees were quickly decapi-
tated, the brains removed, and three were dropped into one-half per cent osmic
acid, and three into saturated mercuric chloride solution. At about seven o’clock
at night six more bees were captured and treated in the same manner. After
the morning and evening bees had been paired at random, each pair was stained
and studied and an attempt was made to measure the nuclei and work out the
amount of shrinkage. The minimal shrinkage was ¢ per cent, and the maximal
75 per cent. The author does not attach much value to these figures, although
they express the fact that a wide difference exists between the two. The average
in diameter of the morning bees is more uniform than for the evening bees. These
results indicate first, that the nerve cells of 2 number of bees’ brains are in a more
uniform condition in the morning than in the evening. Secondly, they differ in
appearance, or condition, from one another, somewhat in the morning and a great
deal in the evening.

MonrtcoMERY ('g7) finds in the nemerteans, Cerebratulus and Lineus, chromo-
philic corpuscles under the following conditions: The cytoplasm of the medium
sized cells is of a coarsely vacuolar structure; sometimes the hyaloplasm fills the
whole proximal portion of the cell as far as the nucleus. But a thin, peripheral
layer of spongioplasm is always present, and a similar layer envelops the nucleus.
These cells are much larger in Cerebratulus and the cytoplasm is much denser,
1. e., there is a proportionately greater amount of spongioplasm, and a coarsely
vacuolar structure is seldom found. The large cells of the brain are of an elongated
pyriform shape, largest and rounded proximally, seldom nearly spherical. It may
be noted that while the cell bodies vary considerably in size, their nuclei remain
of nearly uniform dimensions. The cytoplasm is, as a rule, coarsely vacuolar
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(vesicular), especially so toward the distal pole. A thin peripheral layer of finely
granular cytoplasm is always present. The vacuoles do not seem to have any
definite grouping, but such groupings as exist are explained as corresponding to
the different physiological states.

Certain bodies occur in these ganglion cells in Lineus which are absent in all
of the cells in Cerebratulus. These bodies are frequently larger than the nucleolus
and of a spherical or oval shape, and are not refractive. After the use of 2 double
stain they stain usually with eosin, sometimes with hzmatoxylin, but always more
intensely than the surrounding cytoplasm, though seldom as deeply as the nucleolus.
Structurally, they are homogeneous, with a peripheral membrane, which may be
scarcely discernible or in other cases, of considerable thickness; this membrane
always stains more intensely than the enclosed portion, and forms a boundary
against the surrounding cytoplasm (Fig. 5). These bodies do not occur in all
cells, but only in about one-sixth of the total number; when they are present, it
may be but a single one, more frequently four or five, apparently never more than

Fie. 5. Fic. 6.

F16. 5. Lineus gesserensis. Ganglion cell of the third class, showing the presence of vacuoles, some
of which contain differentiated granules. After MonTcoMeRY (*97, Fig. 9).

Fic. 6. Nereis, brain cell of sixth class. Nucleus lies in narrow end surrounded by granular cyto-
plasm, while in the other end there is a large vacuolar space. After Hamaker (*93, Fig. 17).

fifteen. There is also no regularity in their distribution, such as a concentric or
radial arrangement, and in the same cell they are usually of various sizes and of
different staining power. To these cytoplasmic bodies may be applied the term
chromophilic corpuscles, to distinguish them from the chromophilic granules in
the ganglion cells of other animals.

RanDp (o1) reports vacuoles and gives an analysis of the cytoplasm as follows:
Very little can be said as to the finer structure of the cell protoplasm in the Lum-
bricidee. The most careful examination fails to reveal its precise nature. It
varies in degrees of homogeneity somewhat according to the size of the cell. In
the smaller cells, it usually appears compact and fairly homogeneous. In larger
cells, it is much less homogeneous, and there 1s a tendency toward the formation
of large vacuolar spaces. The substance of the fixed cytoplasm, as it appears to
the eye, may be said to be of four kinds. There is (1) a perfectly homogenous
“ground,” represented by the lightest areas in the figures; (2) material which gives
the impression of being very finely granular; in the smaller cells this is quite evenly



SmaLLwoob AND RocGiRrs, Molluscan Nerve Cells. 57

distributed, while in the larger cells it tends to concentrate in regions, giving the
cytoplasm a blotchy appearance; (3) rather conspicuous granules or masses staining
fairly deeply and often surrounded by an area within which the material of the
second class is less dense; (4) a fine fiber irregularly distributed through the cell
body, but often appearing to be associated with the more conspicuous granules
and sometimes occurring about granules as centers of radiations.

Hamaker (93) shows in one type of the nerve cells in Nereis the following:
In the posterior half of the brain there are several pairs of very large cells which
have a very striking characteristic. The nucleus lies in the narrow end of the cell,
and is surrounded by the granular cytoplasm. At the other end of the cell, there
is a large vacuolar space containing a number of deeply staining bodies of irregular
form, embedded in an indistinct coagulum (Fig. 6). Other cells have very finely
granular substance occupying a similar position, the granules being much smaller
and staining less deeply than those of the body of the cell. In these cases the
nucleus shows no signs of degeneration.

LenGENDRE ('05, '06) in a series of short papers during the years 1905 and 1906
has given us reports of an investigation on nerve cells of Gasteropods. He has
studied the cell from the physiological point of view, with the idea of determining
whether the structures described by HoLMGREN and others are in any way related
to the nutritive functions of the cell. He follows the work of HOLMGREN,
Bocuenek, McCLure, RHODE, and others. A study is made of the effects of
various fixing reagents and he finds that RarL’s solution is a very poor reagent for
the study of nerve cells. Consequently many of the results which have been
obtained through the use of this fluid are to be considered as artefacts and not as
actual structures which exist in the living cell. He questions the work of RHoDE
and does not believe that the fibrils of the nerve protoplasm are continuations of
the processes of the neuroglia cells on account of the difference in size and staining
qualities. He finds in the cells of Helix pomatia vacuoles of various sizes, arranged
in various ways in the cell. Sometimes they communicate with one another and
sometimes open to the outside of the cell. These vacuoles are without definite
walls and contain a homogeneous fluid without granules. The chromophile
granules are always found in the protoplasm when present at all and never appear
in the vacuoles. LEGENDRE does not admit the theories of HOLMGREN concerning
the nutritive functions of the nerve cells. He advocates in his first paper that the
vacuoles represent accumulations of excretory products and that they are in no
way connected with the constructive metabolism of the cell (Fig. 7).

In these papers he calls attention to the following points: He describes the
appearance of living nerve cells that have been immersed in water for a consider-
able time. The result is a rapid increase in size due to osmotic exchange. In the
protoplasm of the cells thus treated the meshes of the spongioplasmic net become
greatly enlarged and more clearly visible. The nucleus becomes large and numer-
ous vacuoles appear in the periphery of the cytoplasm. He also advances the
idea that the HoLMGREN canals in the trophospongium are to be interpreted as
pathological rather than nutritive and that they act more like the phagocytes in that
they destroy cell substance rather than build it up.

PrLUckE ("95) notes the presence of a few vacuoles in the cell plasma which
he does not regard as true vacuoles but as accumulations of unstainable substance.

Ewing ("98) takes an extreme position in regard to the presence of vacuoles,
claiming in the majority of cases that they are cadaveric or artificial products.
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The formation of vacuoles has long been recognized as one of the necessary
imperfections in most methods of fixing of nerve cells. The writer cannot agree
with the statement often seen that the vacuolation may be regarded as pathological
only when it is found in advanced degree. Among the present cases, extreme
vacuolation when found, was always plainly referable to post-mortem processes.
The study of cadaveric changes in ganglion cells indicates that vacuoles are one of
the most constant of post-mortem products; and that they frequently form in con-
siderable numbers and of large size within a few hours, often preceding other post-
mortem changes. Especially when the brain and meninges are cedematus, or
when the patient has suffered from general sepsis, vacuolation of cells may be
expected unless the tissues are fixed very shortly (one half hour) after death. The
above observations, as well as the circumstances under which vacuoles are usually
found in stained specimens, indicate that in the great majority of instances vacuola-

Fie. 7. Fi1G. 8.
Fic. 7. Arion rufus. Vacuolated condition of cytoplasm and granules in the axzone hillock. After
Lecevpre (os, Fig. 1).
F1G.8. Ganglion cell of Tethys with a number of mitochondrien masses either in clear spaces limited
by a definite wall or free in the cytoplasm. After RuonE ("o4a, Fig. 10).

tion of ganglion cells is a cadaveric or artificial product, and in any case with the
present state of our knowledge, is devoid of definite pathological significance. It
is doubtful if the structures known as nucleolar vacuoles are to be regarded as of
a similar character with the vacuoles of the cytoplasm.

RuobE presents numerous facts in his several papers in regard to the structure
of the ganglion cell. The sphere referred to in the following is a differentiation
of the cytoplasm of a distinct character and should not be confused with the sphere
associated with the centrosome. According to RHODE (‘oga) the sphere in the
ganglion cell of Tethys consists of a central part surrounded by a clear layer having
the granules arranged compactly and in a radial manner. The clear layer is made
up of a homogenous or fine granular substance which colors intensely (Fig. 8).
The outermost bodies in the peripheral layer of granules may fuse completely so
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that there is the appearance of a thick membrane which seems to separate the
sphere from the cytoplasm. The clear region may be encroached upon and
occupied by radially arranged granules which vary in size. All stages in the origin
of the sphere may easily be seen in the same ganglion cell. In the frog these same
spheres have a nuclear origin, 1. e., they are derived from the smallest bodies in
the nucleus. 1In the same manner as in the frog, arise the spheres in Tethys with
this difference, that the origin does not take place within, but without the nucleus.
The various stages in the development of the spheres are seen in the cytoplasm,
which may be compared to similar stages in the development of the spheres in the
ganglion cells of the frog.

When the spheres attain a certain size, their destruction occurs as follows:
The central body becomes indistinct and the radial zone breaks up into large or
small pieces, finally becoming so small that they cannot be distinguished from the
cytoplasmic granules so far as their shape is concerned, but they retain their
avidity for stain, which gives them prominence everywhere. Some of the large
spheres do not go through these regular changes and are described as vacuoles
(Blischen) with a thin wall and a clear center. In the transformation of the
sphere into a vacuole this stage corresponds to the term “Mitochondrien.” When
the peripheral layer of the sphere is broken up into a number of loose threads the
term “Chondromiten” is applied tothem. The largest spheres are as a rule the
oldest and arise out of the smallest, structureless globules (Kiiglchen) of the cyto-
plasm. These may be seen to grow and to differentiate themselves into a light
inner zone and a dark outer band. The larger the sphere, the more plainly the
granules, which finally assume a radial arrangement in the outer zone, appear.
The last stage in the formation of the sphere shows the central body assuming its
complete shape and size.

SmaLLwooD (‘06) reported the presence of numerous vacuoles
in Haminea, Venus, Planorbis, Limax, Helix, Littorina, Melantho,
Montagua and Aplysia which were designated as lymph spaces.
A more extended study suggests that this term should be reserved
for the larger peripheral spaces and that the term vacuoles more
correctly describes them. There is no definiteness about their
position or size in the cell (Fig. 7). Animals examined during
all seasons of the year show them to be present in living nerve
cells.

From this review, we learn that the nerve cells of Nemerteans,
Annelida, Crustacea, Insecta and Mollusca among invertebrates
exhibit a highly modified cytoplasm. A sufficient number of
specimens have been examined in each of these great groups to
indicate the very general appearance of differential structures in
the cytoplasm other than fibrillar. In the introduction eleven
different terms are cited as having been given to this stainable
substance in the cytoplasm which of 1tself suggests that the prob-
lem 1s one of great difficulty; certainly a doubt must have existed
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in the minds of the various workers who have coined these terms
as to their significance and relationship.

It 1s rather hard to make a classification of these structures as
described by the various authors because in most instances the
cytological study was not followed or preceded by an examination
of living nerve cells. Our results have been so clear and satis-
factory that we are tempted to try to correlate some of the pre-
vious facts with them. Probably the commonest structure present
in the cytoplasm of the invertebrate nerve cells is the vacuole.
These vacuoles are present in all of the great groups already cited,
although usually described under the terms ““lymph space,”
“Netzapparate,” “Saftkanilchen,” “Trophospongien,” etc. The
vacuole can be determined in the following manner in the living
cell: Isolate anerve cell and study it in a 1-500solution of methylene
blue or neutral red in normal salt solution under the oil immersion
lens. At first, but little can be determined; but as the stain pro-
gresses the vacuoles become more distinct and their contents often
take on a differential stain.  The experienced worker can make out
these vacuoles without any stain. The time that it takes to stain
these vacuoles will vary; but usually from 5 to 20 minutes will be
the limit, as after that time the nerve cell is apt to become over-
stained and undergo some changes in its general appearance and
the character of its parts. This gives about 15 minutes when a
critical study may be made. During this time the vacuoles are
readily made out as isolated spherical bodies containing a fluid.
It is impossible to trace any connection between vacuole and vacu-
ole. The size is also further evidence of their individuality, for
they range from the very minutest bodies recognizable with the
oil immersion lens to structures a third the size of the nucleus.
Studying these vacuoles in Planorbis and Limax for two years, in
which we examined almost weekly the living nerve cells from
hundreds of specimens, we are convinced that these vacuoles are
transitory structures, that they vary in number from time to time,
and that they are not limited by a distinct wall. The vacuoles
move about in the cytoplasm when the nerve cell is put under pres-
sure, which would be impossible if they were part of lymph spaces
that had grown in from the surrounding neuroglia tissue.

The Chronodromiten and Mitrochondrien of RuHoDE, the Tro-
phospongien of HoLMGREN as interpreted by BERGEN, present
in Helix but not figured by McCLURE, the chromophilic corpuscles
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of MoNTGOMERY, the vacuolar spaces of HAMAKER, the granules
within clear spaces of RaND, the numerous vacuoles described
in Arion by LEGENDRE, all, we believe, are to be classified as
nerve cell vacuoles. The significance of these vacuoles is dis-
cussed further on.

V. THE NISSL BODIES.

RHODE (‘04a) has called attention to certain similarities of struc-
ture in the ganglion cells of vertebrates and invertebrates. Both
have the following facts in common: (1) a homogeneous hyalo-
plasm, (2) a spongioplasmic groundwork which consists of coarse
and fine fibrils, (3) a stainable substance which in the case of the
invertebrates and a part of the vertebrates is lodged in the coarse
fibrillar spongioplasm. In the remainder of the vertebrates it
clumps and forms the NissL bodies, which are, indeed, independ-
ent of the spongioplasm, which appears between them in almost
colorless fbrils.

The structures known as NissL bodies or granules furnish a
most interesting field of research. The great degree of variability
in the appearance of nerve cells from different animals has led to
the belief that structures existing in one nerve cell may have no
counterpart in another. Among the invertebrates the failure of
some authors to identify structures closely similar to those found
in vertebrates has led to the supposition that such structures were
lacking. It seems evident that such bodies as NissL granules
must be present in the cell for some specific purpose. The nerve
cells of invertebrates have fundamentally similar functions to per-
form as the cells of vertebrates. If this be true, may we not expect
to find some structure, perhaps even morphologically and chem-
ically different, which takes the place of that structure known as
the NissL granule? We are of the opinion that such bodies do
exist.

The stainable structures of the cell, referred to above, have
received various names, as they have been observed and described
by different authors under dissimilar conditions. The terms
chromatic substance, chromophile substance, tigroid substance,
sigroid substance, basophile constituent, etc., have all been em-
ployed to designate the structures recognized by us as NissL bodies
or NissL granules. Various authors have recognized the fact that
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these bodies may vary in size, in number and in capacity for taking
up various staining agents.

NanseN ('87) described the structure of the nerve cells of Patella vulgata,
Nereis, Lumbricus, Homarus vulgaris, Nephropa norwegicus and six different
Ascidians which he classed with the above. He found in the cells of the Nereidz
structures which correspond very closely in description to the granules commonly
known as NissL bodies. Some of the granules were very large and prominent
and were situated in the mesial part of the protoplasm. In preparations fixed with
osmic acid and stained with hamotoxylin they were very dark, almost black in
color, and consisted of a fatty (myeloid ?) substance (Fig. g).

Fi6. 9. Fic. 10.

FiG.9. The yellow granules are scattered through the cytoplasm and are drawn with heavy outlines.
After Nansen (°87, Fig. 54).

Fic. 10. Crayfish. Shows the chromophile bodies spindle shaped and apparently associated inti-
mately with the fibers. After Prriicxe (9, Fig. 10).

Nissl bodies in invertebrates.—The question as to the existence of NissL granules
in the nerve cells of invertebrates has more than once been raised. PrLckE
('95) undertook the investigation of the finer anatomy of the nerve cells of the crab,
snails and worms. In the crab he succeeded in demonstrating granules which
appear like the commonly accepted NissL bodies. In the snails and worms he
failed to identify such structures (Fig. 10).

McCrure ("97) found (chromophllous) granules in the nerve cells of Helix and
Arion, and expressed the opinion that this chromophilous substance is homologous
with that found in the nerve cells of vertebrates.

FrLoyp (03) was unable to differentiate by means of methylene blue any NissL
bodies in the ganglion cells of the common cockroach. In well fixed material,
however, he found varying quantities of deeply staining granules and masses.
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Distribution—These deeply staining granules were found by RHoDE (‘o4a)
in both vertebrates and invertebrates to occupy a zone of the cytoplasm surround-
ing thé nucleus but not extending out to the cell wall. A rather broad zone (the
spongioplasm) at the periphery of the cell is free from these bodies, so that the
ganglion cell resembles the Amaeba in that it has a light ectoplasm and a dark
entoplasm. Only the finely granular hyaloplasm enters into the axis cylinder.

McCrure ('g7) found the granules to be arranged chiefly in rows, but at certain
points in the cell body they appeared to be collected into spindle-shaped groups,
having their long axes parallel to the periphery of the cell (see Fig. 11). A state-
ment of McCLURE’s is of particular interest: “The cell bodies stain a deep
blue, while the axis cylinder processes are only partially affected by the stain, and
thus appear light in color. The cause which produces this difference is funda-
mentally the same in both cases: namely that the intense staining capacity of the
cell body, and the lack of the same for the axis cylinder process in Limax are due
respectively to the presence and absence of the chromophilous granules. The
Flemming-iron-heemotoxylin preparations are especially interesting for the reason
that they show with great clearness, not only the same chromophilous granules
but also certain spindle shaped structures in the cell body, which in all probability
are collections of some small chromophilous granules. The above results concern-
ing the presence of chromophilous granules in the nerve cells of Gasteropods
point toward the acceptance of the view that this chromophilous substance is
homologous with that found in the nerve cells of vertebrates (NissL bodies).”

PrLicke (95) found that in the crab the chromophile granules of the nerve
cells are arranged in rows, and in the nerve processes they were few in number.
The granules were especially numerous about the nucleus, being regularly dis-
tributed. Under high magnification they were found to be spindle-shaped and to
be arranged in parallel concentric rows.

Froyp ('03) finds the granules disposed in areolar fashion in the cell, deposited
upon the cyto-reticulum.

Pbhysical constitution.—Among vertebrates the NissL bodies have been found
by FLemming, voN LENHOssEK, MaRINEsco, VAN GeHucHTEN, HeLp, CajaL,
PrLicke, EwiNng, CArRRIER and others to have a granular structure—to be in
reality aggregations of minute particles of deeply staining substance. FrLoyp and
McCLURE have presented evidence of the same structure for the NissL bodies of
the invertebrates.

Resistance to degenerative change.—The work of EwiNG ('98) upon cadaveric
changes taking place in the ganglion cells of brains and cords of rabbits which were
allowed to decompose in the air from 48 to 72 hours may give evidence as to the
function of the NissL granules. During the first twenty-four hours there was
noticed a granular disentegration of the chromatic substance. This disintegration
was evidently due to the separation from each other of the granules which made
up the Nisst bodies. As the degenerative changes proceeded, the granular dis-
integration became more and more marked. During this time the individual
granules retained all of their natural capacity for stains. Later when putrefaction
changes were set up in the cells the Nissv granules exhibited a remarkable resistance
to the action of the bacteria and still retained distinct outlines even when the cells
were becoming filled with vacuoles or when the cell consisted merely of a nucleus
with a narrow fringe of granules (see Figs. 12-13).
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Do NissL granules exist in the living cell? The existence of
the NissL granules in the living cell has been seriously questioned
by several prominent observers and various answers have been
published. Docier, HeLp, Ruzicka, FLemminG hold to the
view that they are an aggregation of material produced in the cell
at the time of fixation, by the reagents employed. OrmEer (‘or)
contends that the material of which the NissL bodies are com-
posed 1s scattered through the cells, and that these particles are
clumped and precipitated by the fixing agent.

Fic. 11. Fic. 12. Fic. 13.

Fic. 11. Helix. Cell from infra-cesophageal ganglion. FrLEmMMiNG’s sol., prog. iron-hem. Con-
centric arrangement of fibrils and granular rows. Spindles. Pigment granules at base of process.
After McCrure (’97, Fig. 12).

Fic. 12. Medullary stichochrome of infant, 3 hours after death. Lang’s fluid. Methylene blue.
Very rapid and extreme vacuolation. Coarsely granular appearance of chromatic bodies. After Ewing
(98, Fig. 1, plate 2).

Fic. 13. PurxinJE cell of rabbit, after 48 hours exposure to air. Lanc’s fluid. Methylene blue.
Extreme vacuolation. Growth of putrefactive bacteria. The chromatic reticulum and bodies are
reduced to a series of coarse dark granules. Complete nuclear chromatophilia. Shrinkage and
destruction of dendrites. After Ewine (98, Fig. 3, plate 2).

The admirable work of CaRrRIER ("o4) gives strong evidence
for the belief that the NissL bodies are not due to postmortem
changes but actually exist in the living cells. In support of the
same view may be mentioned the results by ArNoLD, voN LEN-
Hosskk, CajaL, TURNER, etc.
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Our own work, done upon the living nerve cells, has convinced
us beyond any possibility of doubt of the actual existence of these
structures in the living cell. The detailed discussion of this fea-
ture appears later in the paper.

Studies upon the molluscan nerve cells.—In a previous paper
in this Fournal SMALLW0OD (*06) described certain morphological
characters of molluscan nerve cells. Without indulging in vain
repetition, it is perhaps well to call attention here to certain of
these facts. There were found in the nerve cells of Haminea sol-
itaria, Venus mercenaria, Planorbis and Limax cytoplasmic vac-
uoles containing a colorless, transparent liquid, also solid bodies
of various sizes, irregularly rounded forms of varymg numbers.
The solid bodies were of different appearance in the different
genera named, and somewhat different in distribution, those occur-
ring in Limax being always found within the limits of the vacuoles,
while in the other forms the bodies or granules were only rarely to
be seen in the vacuoles. Attention was called to the fact that
these bodies could be seen in the living nerve cell, and hence could
not be considered as artefacts. The fact that the number of
these bodies present in a given cell varies from time to time con-
vinced us that a morphological study could not satisfactorily
account for their presence and variable appearance.

In our discussion of our work upon the bodies mentioned above
we do not wish to be understood as maintaining that these struc-
tures are in every sense homologous with the NissL granules of
vertebrates. Morphologically and chemically they may not cor-
respond to the NissL granules of vertebrates, and may even differ
much among themselves in these respects. We are convinced,
however, that the question of function is more fundamental and
believe that these structures will be found to fill the same place in
the economy of the invertebrate nerve cell as does the Ni1sst body
of the vertebrate nerve cell.

Since the bodies found in the cells of Limax more nearly cor-
respond to those found in vertebrates we will first describe our
experiments upon this form and later discuss our work upon the
other forms under the caption “Pigment.”

Experimental —The experimental work in connection with our
study of the molluscan nerve cells has been carried out with a view
to determine, if possible, the nature of some of the structures which
have been found to exist in the cells. In order to insure a certain
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degree of accuracy in the work it was found desirable to bring the
animals into the laboratory and keep them under definite environ-
mental conditions, which could be more easily controlled. The
temperature and surroundings were generally more uniform than
they would have been outside of the building. The animals were
kept in moist boxes or glass dishes. Some were fed upon grass
or chestnuts; others were starved. At intervals animals were
taken from both the fed and starved groups and their nerve cells
studied, either in sections or in the live condition.

Limax.—The remarkable appearance of the vacuoles and gran-
ulations in the nerve cells led us to make a series of tests with a
number of fixing agents in order to assure ourselves that we were
dealing with actual structures and not artefacts due to faulty fixa-
tion or preservation.

Thefollowmgagentswereemployed Carnoy’s fluid, PETRUNKE-
vITcH’S solution, picro-nitric acid, FLEMMING’s strong solution,
osmic acid and absolute alcohol. The vacuoles and the bodies
contained within them appeared with a constancy that was remark-
able.

Effects of starvation and feeding.—Specimens of Limax taken
in the early spring as soon as they emerge from their hibernation
exhibit in the cytoplasm of the nerve cells collections of vacuoles
of various sizes, scattered about in various parts of the cell. Some-
times the whole cytoplasm appears to be peppered with them;
sometimes they are packed together with their thin walls touching
each other in such a way as closely to resemble in appearance a
mass of soap bubbles. In some of the vacuoles small granules of
various shape may be found. The granules are, however, not
to be found in all of the vacuoles at this time. Fig. 1 of Plate I
is a photograph showing the strongly vacuolated condition which
may be seen 1n the cells and also indicates the presence of some
of the granules mentioned in certain of the vacuoles.

The other cell structures do not show any especially important
features. 'The nucleus is large and well defined. In some cases
the cytoplasm appears to be somewhat shrunken, but this is far
from being a constant character.

Later in the spring animals taken into the laboratory and stud-
ied, or animals which have been kept inthelaboratoryand fed upon
grass show that the number of solid bodies within the vacuoles has
increased. This increased number is found to hold throughout
the summer and fall of the year.
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Two possibilities for the increase in the number of bodies in the
vacuoles present themselves, either the bodies are to be considered
as storage products which may be called upon in time of stress to
supply energy for the nerve cells or they are to.be considered as
degeneration products which have accumulated in the cell during
the increased activity of the animal in the active season. If they
are of the former class, any great increase in the activity of the
animals should have the effect of breaking them down and should
cause them to disappear. If they are of the second class, pro-
longed activity should bring about an increase in their number and
size.

Fatigue—HopGE and others have noticed that the nerve cells
of animals respond to excessive stimulation in definite ways.
HopcEe found that the cytoplasm of the cells took on a different
appearance and that the nucleus became shrunken. Our work
upon Limax has failed to confirm these particular observations
and has convinced us that we have here conditions which may have
escaped notice.

An active, living, specimen of Limax was taken and by means of
an induction current applied to the posterior part of the body forced
to craw] until it could no longer draw itself away from the point of
stimulation—a period varying somewhat with different specimens,
but usually from one-half to three-quarters of an hour. The nerve
collar was then dissected out, fixed, sectioned and stained in the
usual manner. The nerve cells of an animal treated in this way
differ in a very marked degree from those of the normal rested
animal. In the periphery of the nerve cells are to be found the
vacuoles to which attention has already been called. These
vacuoles are usually numerous, but differ from those found in the
normal, well fed, rested specimens in that they contain no dark
solid bodies. The limits of the vacuoles are sharply marked.
The vacuoles appear in various parts of the cytoplasm and may
occupy nearly all the space between the nucleus and the cell wall,
when at their greatest development. It is evident that these vac-
uoles are filled with a liquid substance, for when the cells are placed
in 2 medium of higher concentration than the body liquids an
osmotic action takes place which draws out water from the vacuoles
and finally ends in their collapse.

One may say that the disappearance of the dark bodies from the
vacuoles is not the result of the fatigue of the animal, but rather
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the effect of the current upon the nerve cells. To avoid the pos-
sibility of this criticism another experiment was devised.

A number of well fed snails which had been living upon damp
earth were taken. A part of these were killed at once and the
rest were fatigued by poking them with a sharp needle until they
would no longer withdraw from the point of stimulation. This
process was somewhat slower than the fatigue by means of the
electric needle and took from two and a half to three hours. A
comparative study of the two sets of animals revealed conditions
entirely in harmony with the previous experiment. The nerve
cells of the rested animals show the presence of the vacuoles with
the bodies in them, the nerve cells of the fatigued animals show
the presence of the vacuoles but the solid bodies have disappeared.
Evidently there has been some change in the cells of the animal
due to the excessive amount of work which the animal was called
upon to do.

Up to this time in our work no attempt had been made to ascer-
tain whether it were possible to see these structures in the hiving
nerve cell. Itwas our good fortune to find that with care in manipu-
lation and careful observation it was possible clearly to distin-
guish these several structures in the living nerve cell. A trace
of methylene blue added to the salt solution in which the cells
were examined brought out the bodies with great distinctmess with-
in a few seconds and they could be easily studied.

The next step in our work was to study the disappearance of the
bodies in the nerve cell under the microscope—to watch the
process. The results were even better than we had hoped. Small
electrodes of platinum foil were attached to a slide and the nerve
cells mounted between these electrodes. The electrodes were
connected with the secondary coil of an inductorium. Under the
1z inch oil immersion lens the bodies in the vacuoles showed with
great clearness and sharpness of outline. When the current was
first applied there was no change in the appearance of the bodies
but within a few minutes a change appeared. The outline of the
body lost its sharpness. The body seemed to grow larger in size.
The line of demarcation between the solid body and the liquid
became less and less distinct and finally disappeared. The sub-
stance of the body appeared to be going into solution in the liquid
of the vacuole. At the same time, there was a slight change in
color, the body taking on the color of the liquid. This process
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was allowed to continue until the body had been completely re-
placed by the more transparent liquid mass. At this time the
current was stopped. A continued study of the cell showed that
in the same vacuoles where the disappearance of the bodies had
been noted there was later a reconstruction of the solid body.
Within an hour or two the solid masses had again become estab-
lished in the cells. These bodies were, however, not the same
bodies as had existed in the cells previous to the stimulation, as
they exhibited entirely different forms.

That we have here substances in the cell which are intimately
connected with the normal activities of the cell seems to be demon-
strated. As to the chemical nature of these bodies we have only
little knowledge. The fact that they are more or less darkened by
osmic acid would indicate that they are of a fatty nature. Fur-
ther we can not say at the present time.

VI. PIGMENT.

NansEN (’87) was, so far as we are aware, the first to give an accurate account
of the yellow pigment granules existing in certain of the invertebrate nerve cells,
although such granules had been observed before. He found in the nerve cells of
Patella plenty of large yellow granules lying in the cytoplasm. These granules
had a variable size, and no regular shape, being sometimes spherical, sometimes
square or polyhedral. They looked as if they had been produced by the coagula-
tion of a homogeneous yellow substance. The granules were sometimes found
scattered through the whole mass of protoplasm, but more frequently were con-
centrated in special parts of the cells, especially in the neighborhood of the nucleus.
Plenty of similar smaller and larger granules were also to be found outside the
ganglion cell. They frequently occurred in such numbers that one, for a time,
could feel disposed to believe that they belonged to a substance extending through
the whole nervous system. NANSEN was convinced that they were either exuded
from cells, or that they sprang from destroyed cells. He had observed such a sub-
stance exuded from the protoplasm of the cell. Fig. g represents such a case. The
substance here occurred inside as well as outside the cell. The granules were
concentrated toward the part of the cell surface where they were probably to be
exuded. OQutside the cell they were united into larger pieces of irregular shape.
The granules were situated not only near the surface of the cell but also occurred in
the mesial parts of the protoplasm. NANSEN recognizes that the granules gave
the yellow color to the nervous system of Patella, as well as other molluscs.
He thought the yellow color to be due to a substance allied to or similar to hzmo-
globin, and also believed that the granules contained fat. He found difficulty in
recognizing these granules in the sections of nerve cells.  As to function, he believed
them engaged in the nutrition of the cell.

McCLure (’97) in connection with his studies of the chromophile granules
mentions the existence of pigment granules in the cells of gasteropods, but gives
them no further attention.
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LeGeNDRE ("06) found in the nerve cells of Helix aspersa, Helix pomatia and
Arion rufus pigment granules of various sizes, sometimes isolated, sometimes
grouped together in irregular masses. 'The granules were most frequently located
in the cone of origin of the axone, though they were sometimes arranged in con-
centric rows in the peripheral layer of the cytoplasm. Frequently they extended
out along the axis cylinder. Osmic acid alone or in combination attacked the
granules and stained them black at times; at other times they were unaffected.
Hzematoxylin gave them a brown color. These reactions resembled those of the
lipochrome pigments observed in the nerve cells of a large number of vertebrates
and some invertebrates. The number of granules varied in differentindividuals,
and the author had failed to establish any connection between their appearance and
the physiological state of the animals. He says, “The réle of the granules is not
known. One may consider them as a food, a reserve material, a functional pre-
cipitate, a product of disassimilation, a degenerative product. The multitude of
hypotheses tells us nothing concerning their composition, their variation or their
functions.”

Planorbis.—In the preliminary study of the nerve cells of Plan-
orbis the same general methods were employed as in the case of
Limax. A number of fixing fluids were used and their compara-
tive effects carefully studied. The various cell structures appeared
almost equally well in the cells fixed by all the different agents.
From a study of a large number of sections it appeared that abso-
lute alcohol was at least as good as any other. For clearness and
sharpness of detail it could hardly he surpassed. One feature
should be mentioned. A long continued stay in alcohol 1s not
good for this material, as it tends to swell the pigmented bodies
in the nerve cells and to remove from them a portion of their color,
changing it from a bright golden brown to a lemon yellow. These
bodies are, however, clearly distinguishable in our sections, even
when the stay in the alcohol was somewhat prolonged.

The vacuoles which formed so constant a structure in the nerve
cells of Limax are rarely found in the cells of Planorbis. When
present they are usually located in the end of the cell farthest from
the axone and very seldom contain pigmented granules, though
specimens have been found in which even in the living cell it was
possible to see these bodies within the limits of the vacuole. The
contents of the vacuole is a liquid of low viscosity, for the Iittle
brown granules could be seen dancing with the characteristic
Brownian movements. In other parts of the cell where the bodies
do not appear 1n the vacuoles they lie perfectly at rest.

Effects of starvation and feeding.—In Planorbis the number
and size of the pigmented granules depends upon the general
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nutr;tive conditions under which the animal is placed. The
changes in appearance, however, of the nerve cells are so slow
that it has been necessary for us to extend our observations over
a period of two years in order to satisfy ourselves of their correct-
ness. Specimens have been taken from their natural habitat at
various times of the year, have been kept in the laboratory under
fairly constant conditions, have been fed or starved as we wished,
and have finally been killed and their nerve ganglia examined.

In the summer and autumn specimens, these golden brown
bodies are rounded granules of somewhat irregular shape, and
varying in diameter from 1 to § . In specimens kept in the warm
laboratory for a considerable time (up to three months) without
feeding a distinct change is noticed in the appearance of the cells.
The pigment bodies become distinctly smaller, in some cases
becoming so small as not to be easily distinguished from each other
even with the 77 inch oil immersion lens. Under these conditions
it is of course impossible to measure them. No bodies as large
as 5 ¢ were found at all and only an occasional one so large as 2 p.
The substance is in the process of being broken down. It becomes
very finely divided and seems to become actually less in amount in
the cells. These changes take place so slowly that it is a difficult
matter to follow them and only by a long series of observations can
one be at all sure of any change in the condition of the pigmented
matter.

In specimens taken early in the spring, which have passed the
winter in hibernation, the bodies are not as a rule numerous, though
some still remain in the cells. Judging from the appearance of
the nerve cells of animals which had been kept in the warm labor-
atory during most of the winter and those which were taken early
in the spring, it would seem that the processes of metabolism had
been much greater in the specimens kept in the warm room and
that the total amount of matter stored up was in both cases some-
what in excess of the amount which would ordinarily be needed
for the use of the cells.

Fatigue.—On account of the fact that this snail, like many
others, withdraws into its shell when disturbed, it was found impos-
sible to subject it to the same conditions for producing fatigue as
in the case of Limax. It was possible to remove the ganglia, to
place them upon a slide between electrodes and to stimulate the
nerve cells directly by means of induction currents. As a result
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of such stimulation it was found that, unlike the granules found
in Limax, these bodies are extremely resistant and would not change
in appearance during the time which the cells would live under
these unusual conditions. This fact, as well as their different
appearance in the cell, indicates that they are of a different nature
from those in Limax. They are, however, a storage product and
have to do with the nourishment of the cells during times when
proper food is unavailable.

Nature of the bodies.—Many experiments have been made to
determine the chemical nature of the golden brown bodies, and
while we cannot say definitely just what the substance is we are
in a position to state to which general class of substances it belongs.
It is even possible that the bodies are not of constant composition.
Most of the tests used require a long time for their action, and in
some cases even failed to act at all. Osmic acid blackens the
bodies after a long time. In many of the specimens the blacken-
ing was merely superficial, indicating that the substance is a highly
resistant or that it is not a fat but some substance which may break
up into a fat and some other substance. The tests with Sudan
IIT and with cyanin indicate the same thing. With Sudan III
the bodies assume an orange color for a short time. The color
soon disappears, however, and leaves the body a sort of yellow
lemon color. With cyanin the action is slow. ‘The bodies stain
a deep blue, which is sometimes temporary and sometimes more
lasting. In ether the bodies swell up and clump together, becom-
ing gradually dissolved and diffused throughout the cell. The
resistance of the granules 1s shown by the fact that it requires
frequently an hour or more to dissolve a granule 1 g in diameter.

On account of the difficulty in making these tests it was thought
for a time that they might be proteid in character, but all attempts
to digest them with pepsin have so far failed. The results of the
tests seem to indicate that they are some sort of a fat.

Further tests with concentrated sulphuric acid indicate that the
pigment 1s one of the lipochrome group, the bodies assuming a
bright blue color as soon as the acid touches them.

Venus.—Our experiments upon the nerve cells of the edible
clam, Venus, have been few in number and serve only to add
emphasis to what has already been stated. We find in the nerve
cells certain yellow spots, whether solid or semifluid in character
we are at present uncertain. The color is not the same as that of
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the bodies in Planorbis and they are of larger size. When tested
with Sudan III and cyanin they give the colors which are charac-
teristic for fats.

The cells of Limnea contain granules so closely similar to those
of Planorbis that we have yet to find any way of distinguishing
them. The pigmented granules are of the same color, size, and
position in the cell. They also react in the same way to the
various tests. We have not had opportunity to observe any sea-
sonal changes in their appearance.

In the cells of Melantho we find a pigment of a light yellow color.
The granules are generally smaller than those found in Planorbis
and Limnea. This is evidently a different sort of substance, for
1t does not give a blue test with sulphuric acid. We have not yet
made sufficient study to make a definite statement as to its chem-
ical nature.

VII. THE CENTROSOME IN NERVE CELLS.

A few years ago the centrosome was all the fashion among bio-
logical works. The question of its origin, use and fate furnished
the basis for many papers. With the accumulation of a consider-
able number of facts, it became evident that no general homology
was to be established for the centrosome; nor did its detailed
structure permit of reducing all centrosomes to a common form.
About the only feature generally agreed upon was that the cen-
trosome was at the center of radiation. In order to be sure that
the dark staining granule or granules or vesicle when found in
various parts of the cytoplasm has any claim to be regarded as a
centrosome, it must have astral radiations. The question of the
sphere substance which immediately surrounds the centrosome
is more indefinite and less clearly defined than that of the centro-
some. It may assume a variety of appearances and probably
plays an unimportant part.

While centrosomes were being recognized in a great variety of cells, von LEN-
HossEK (*95) was the first definitely to announce the presence of centrosomes in
nerve cells. His observations were on the moderate sized spinal ganglion cells of
the frog. He found the nucleus occupying in some cells an eccentric position and
flattened or slightly concave on the side nearest the cell center. In this larger
region of the cytoplasm there was a concentric figure in the centerin which helocated
minute granules.

Lewis (96) describes in the giant ganglion cells of an annelid centrosomes on
one side of the nucleus—the one toward the center and the one which tends to be
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flattened or concave. The sphere varies somewhat in size, but its diameter is
approximately one-third that of the cell. In some cases it is quite sharply marked
off from the surrounding protoplasm of the cell; in other cases the transition to the
surrounding protoplasm is so gradual that it is impossible to define its limits with
precision. In the center of the sphere there is a highly refractive body, or occasion-
ally two or three such bodies. From this central corpuscle there are in many prep-
arations radiations which transverse the whole sphere. The rays are due to the
close arrangement in radiating lines of granulations of the ordinary size. Some of
the rays are very distinct, others much less clear. They are few in number, usually
separated by rather uniform intervals, but often interrupted over an arc of many
degrees. The central corpuscle (or corpuscles) is very distinct. It is sometimes
spherical, sometimes elongated so as to look like a short rod. It shows a remark-
able affimity for stains, being always colored much more deeply than any other
part of the sphere.

McCrurE (’97) finds in certain cells in the ganglia of Helix structures which
he has been pleased to designate as centrosomes. In certain unipolar cells of Helix
which have a transverse diameter ranging between .17 and 22 #, the nucleus was
found in longitudinal sections to have an eccentric position. In addition to this,
in such cells the side of the nucleus directed toward the axis cylinder pole of the
cell was often flattened, or more frequently invaginated, so that the nucleus pre-
sented a kidney-shaped appearance. The flattened or invaginated side of the
nucleus was never found to be directed exactly opposite to the base of the axis cylin-
der process, but always to a point one side of it. In the body of the cell, directly
opposite the invagination, a disk-shaped structure was found. The contents of
the disk was finely granular but so far as could be determined there was no evidence
of radiation. At about the center of the disk two or three small granular bodies
were present which stained much deeper than the surrounding granules and which
are taken to be centrosomes (Mikrocentrum).

Hamaker ('98) described in the nerve cells of Nereis structures to which the
term centrosome was given. He found from two to as many as ten in a single cell,
each one consisting of a deeply stained granule. No radiations were seen.

KoLsTER (‘00) represents in Cottus scorpius deeply stained granules with no
radiations, which are designated as centrosomes.

Ranp (Cor) states that there is commonly present in the nerve cells of Lumbri-
cidee a centered system consisting of centrosome and radiations. The single cen-
trosome (or rarely two, or even three, small granules lying close together) is found
in the axis of the cell, on the side of the nucleus opposite the nerve process, and
therefore on the side of the greatest cytoplasmic mass. It is generally not far from
the nucleus and approximately at the center of the cell as a whole. Radiations
consisting of fibrils bearing minute granules extend from the centrosome toward
the periphery of the cell. Calling these ““primary radiations,” there may also be
distinguished secondary radiations, which arise from certain of the large granules
in the course of the primary radiations. In rarer cases tertiary radiations may be
found arising from granules in the secondary radiations. The centered system is,
therefore, a complex one, consisting of a chief center or centrosome, and numerous
inferior centers situated throughout the cytoplasm, all with their corresponding sets
of radiations, the whole system forming a network whose complexity increases
toward the periphery of the cell. In most cases no structure which could be called
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a centrosome 1s present. The centrosome, when present, as well as each of the
inferior centers, is generally surrounded by a small clear space.

The structure which LENHOssEK designated as a centrosome received its cor-
rect interpretation only when the toad was studied during hibernation. LEevi
(’98) in describing the changes in the nerve cells during hibernation gives a minute
account of the so-called concentric figure or vortex as it occurs in the toad. During
hibernation the deeply staining granular substance does not appear and the other
parts appear more clearly. The centrosome is nothing more than a transverse
section of the axis of the vortex which is composed of fibrils. These results of
LEevI throw serious doubts on the correctness of other observations which were pub-
lished soon after LENHOssEk’s. Furthermore, we do not believe in the light of all
that has been recently discovered in the cytoplasm of nerve cells that the structures
described by McCLURE, HAMAKER, and KoSTER are centrosomes at all, but prob-
ably belong to one of the classes of granules. The fewness of the radiations in the
results of LEw1s and RAND is of itself enough to suggest a reasonable doubt as to
their actual presence, while the secondary and tertiary systems of radiations as
figured and described by RAND are not in harmony with the ordinary aster struc-
ture. 'That the centrosome is not usually found in adult nerve cells is abundantly
shown by numerous investigations; that it does appear in some nerve cells cannot
be doubted, as Hatar (or) has shown in the young rat. The centrosome is more
easily seen in the young nerve cell than in the adult, which he believes indicates
a slight tendency to the degeneration of this structure. Most of the results referred
to above are so questionable that we are inclined to believe that there is very little
positive evidence in favor of the centrosome in adult nerve cells.

SUMMARY.

I. The nervous system of gasteropods does not permit of direct
stimulation of a specific ganglion because of the compactness of the
nerve collar and the numerous nerves arising from the different
ganglia.

2. Lymph canals are not identical with the cytoplasmic vacu-
oles. They really exist, and have a rather general distribution
among the nerve cells of invertebrates.

3. Vacuoles are present in the cytoplasm of nerve cells of
Nemerteans, Annelida, Crustacea, Insecta, and Mollusca. The
vacuoles can easily be seen in the living cells as independent struc-
tures filled with a fluid or differential bodies. They are transi-
tory structures, vary in number and are not limited by distinct
walls.

4. NissL bodies exist in invertebrate as well as vertebrate nerve
cells. They are found to occupy a zone of cytoplasm next to the
nucleus but not extending out to the cell wall in most instances.
They are chiefly arranged in rows or in spindle-shaped groups.
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The NissL bodies are aggregates of extremely minute particles
and exhibit marked resistance to degenerative changes. They
actually exist in the living nerve cell. Those occurring in Limax
are always found within the limits of the cytoplasmic vacuoles.
They can be caused to appear in the cell by rest and feeding and
can be made to disappear through hibernation, fatigue and elec-
trical stimulation. They are probably of a fatty nature.

5. Pigment granules are found very generally in molluscan
nerve cells. They do not readily respond to starvation experi-
ments, can be increased in size and number through feeding, are
practically unchanged by fatigue or electrical stimulation, but do
show occasional variations in size and number. These bodies
respond to the tests indicated for lipochrome substances or fats.

0. The centrosome has been described in many of the inverte-
brate nerve cells, but there is considerable doubt as to its persist-
ent presence in adult nerve cells.

BIBLIOGRAPHY.

ApaMmkiEvicz, A.
Der Blutkreislauf der Ganglienzelle. Hirschwald, Berlin. 1886,
ArtManN, R.
Die Struktur des Zellkerns. Arch. f. Anat. u. Enrwickel. 1889.
Elementar Organismen und ihre Bezichung zu den Zellen. Leipzig. 1890.
Ueber Granula und Intergranular Substanzen. Arch. f. Anat. u. Physiol., p. 360. 1895,
Ueber das Wesentliche in der Zelle, Arch. f. Ana . u. Physiol., p. 423. 1896.
Amuronn, H, unp Herp, H,
Beitrige zur Kenntnis des Nervenmarkes. Ueber Entwickelung und Bedeutung des Markes.
Arch. f. Anat. u. Entwickl., p. 202. 1896,
Anrivow, J. A.
On changes in the central nervous system of animals due to varnishing the skin. Prach., St.
Petersburg, vol. 7, p. 689. Rus. 1886,
AnGLADE, D.
Sur les alterations des cellules nerveuses de la cellule pyramidale en particular dans la paralysie
generale. Ann, Med. Psychol., Ser. VIIIL, vol. 8, pp. 40-46. 1897.
Aritny, S.
Ueber Neurofibrillen und ihre nervés Leitendenatur.  Proc. gth Intern. Zobl. Congress. Cam-
bridge, pp. 126-141. 1899,
AroranT, R.
Ueber die sympatischen Ganglienzellen der Nager. drch. f. Mikr. Anat., Bd. 47, p. 461.
1896.
ArvoLp, Jurius.
Bemerkungen eines Beteiligten {iber Spiralfasern und Fadennetze an den Ganglienzellen des
Sympaticus. Anar. Anz., vol. 5, p. 204. 1890,
W. Flemming und die ‘‘Mitomlehre.” Anat. dnz.,vol. 16. p. 607. 1899.
Weitere Beobachtungen iiber “‘vitale” Granularfirbung, A4nat. Anz.,vol. 16, p. §68. 1899.
Ueber Struktur und Architektur der Zellen. I, II, XII. Arch. f. Mikr. Anat., Bd. 52. 1898.
Ueber ‘““vitale” Granularfarbung in den Knopelzellen, Muskelfasern und Ganglienzellen.
Arch. f. Mikr. Anar., Bd. 55, pp. 479-488. 1900.
ATHias, M.
La vacuolization des cellules des ganglions spinaux chez les animaux a P’état normale. Anar.
Anz., Bd. 27, p. 9. 1905.



SmaLLwoop AND RoGers, Molluscan Nerve Cells. 77

AvuersacH, L.
Ueber die protoplasmatische Grundsubstanz der Nervenzellen insbesondere der Spinalgan-
glienzellen. Monatschr. f. Psychol. u. Neurol., Bd. 34, p. 31. 1898.
AxENFELD, TH.
Ueber die feinere Histologie der Thrinendriise, besonders iiber das Vorknommen von Fett in
den Epithelien. Ber. 28. Vers. opht. Ges. Heidelberg, p. 160.
Barsaccr, OTroNE. '
Die Nervenzellen in ihren anatomischen, physiologischen, und pathologischen Beziehungen
nach den neusten Untersuchungen. Centralbl. allg. Path., Bd. 10, pp. 865-936.
1900,
BerGEN, voN FrREDRIK.
Zur Kenntnis gewisser Strukturbilder (Netzapparate, Saftkanilchen, Tropbospongium) im
Protoplasma verschiedener Zellenarten. Arch. f. Mikr. Anat., Bd. 64, pp. 49-574.
1904.
Berkirzy, H. J. ’
Studies on the lesions produced by the action of certain poisons on the cortical nerve cell,
Fohns Hopkins Hospital Report. Vol. 6, pp. 1-108.
BeTHE, A,
Ueber die primitive Fibrillenin den Ganglienzellen vom Menschen und Wirbelthieren.
Schwalbe’s Mor phol. Arbeiten, Bd. 8, H. 1. 1898.
Einige Bemerkungen iiber die “‘intercelluliren Kanilchen™ der Spinalganglienzellen und die
Frage der Ganglienzellenfunktion. Anat. Anz., Bd. 17, p. 304. 1900.
Ueber die Neurofibrillen in den Ganglienzellen von Wirbelthieren und ihre Bezichung zu den
Golginetzen. Arch. f. Mikr. Anat., Bd. 53, p. 513. 1900,
Birscu-HirscHFIELD.
Beitrige zur Kenntnis der Netzhautganglienzellen unter physiologischen und pathologischen
Verhiltniss. Arch. f. Ophthal., Bd. 50, pp. 100-240. 1900,
BocHENEK, A.
O Budowie Komorki nerwowej slimaka Helix Pomatia. #. Krakewie. 1901,
L’Anatomie fine de la cellule nerveuse de Helix pomatia. Compt. rend. de Passoc. des Anato-
mists. 3 Session, Lyon. 1goI.
Contribution a P'étude du systeme nerveux des Gasteropodes (Helix pomatia). Le Nevraxe,
vol. 3, fasc. 1, pp. 83-105. 1901.
Bovery, TH.
Beitrige zur Kenntnis der Nervenfasern. Abhangl. d. k. baier. Akad. d. Wissensch. Miinchen.
1885.
Browicz, T.
Intracellulire Gallenkanilchen und ihr Verhiltniss zu den Xupferschen Sekretionsvacuolen
und gewissen Formen pathologischen Vacuolization der Leberzelle. 4nz. d. Akad.
Wiss. Krakau, Mirz. 1897.
BRUCKNER. J.
Note sur la structure fine de la cellule sympathique chez Phomme. C. R. Soc. Biol. (10) V.
162-163.
BitinLER, A,
Untersuchungen iiber den Bau der Nervenzellen. Verh. Ges. Wiirzburg, 31, 285-392.
1898.
CajaL, Ramén v. ?
La fine structure des centres nerveux. Proc. Roy. Soc., vol. 55, 1894.
Estruttura del protoplasms nervioso. Rev. Trimestral Micrografica, vol. 1, pp. 1-30.
Allgemine Betrachtungen iiber die Morphologie der Nervenzelle, drch. Anat., pp. 187—201.
1896. .
Die Struktur des nervésen Protoplasmas. Monatschr. f. Psychol. u. Neurol., Bd. 1, pp. 156
u. 210,
Carrigr, Henrr.
La cellule nerveuse normale et pathologique. Paris, Bailliére et Fils. 1904.
Cox, W. H.
Beitrige zur pathologischen Histologie und Physiologie der Ganglienzellen. I. Die Spinal-
ganglienzellen. Inter. Monatschr. f. Anar. u. Physiologie, Bd. x5. 1898.
Der Feinere Bau der Spinalganglienzellen des Kaninchens. Anat. Hefte. 1. Abth. 10B,
pp- 73-103. 1900.



78  FJournal of Comparative Neurology and Psychology.

DeHLER, A.
Der feinere Bau der Sympathischen Ganglienzellen. Arch. mikr. Anat., Bd. 46, p. 724. 1895.
DzracE, YvEs.
La structure du protoplasma et les théories sur heredite et les grands probléms de la biol-
ogie generale. Reinwald, Paris. 1895.
Dogcrer.
Die Struktur der Nervenzellen der Retina. Arch. mikr. Anat. Bd. 46, pp. 394-413. 1893.
Der Bau der Spinalganglienzellen bei den Saligethieren. Anat. Ans., vol. 12, p. 140. 1896.
Donacaro, A.
Nuovo osservazioni sulla struttura della cellula nervosa. Riv. Sperim. di Freniat., vol. 24,
pp- 772-778. 1899.
Contributo alla conoscenza dell’ intima struttura della cellula nervosa nei vertebrata. Ibid.,
pp- 60—464. 1898,
EnrricH, R. unp Lazarus, A,
Ueber die Darstellung und Bedeuten der Zellgranula. Aus Nothnagel, Spec. Pathol. u. Ther-
apie, 8 Bd.
EmspEN, G.
Primitivfibrillenverlauf in der Netzhaut. Arch. mikr. Anat., Bd. 57, pp. 570-583. 1900.
Eve.
Sympathetic nerve cells and their basophil constituent in prolonged activity and repose. Four.
Physiol., vol. 20, pp. 334-353- 1896.
EwiNg, JaMEs.
Studies on ganglion cells. Arch. Neurol. Psychopathol., vol. 1, pp. 263-463. 1898.
Fisu, P. A,
The action of strong currents of electricity upon nerve cells. Four. Nerv, and Mental Disease.
New York, vol. 23, pp. 6-11.  1896.
Fremming, W.
Vom Bau der Spinalganglienzellen. Festgabe fiir ¥. Henle. 1882.
Nervenzellen. Ergebn. d. Anat. u. Entwick, Merkel und Bonnet,vol. 5, pp. 273-284. 1895,
Ueber den Bau der Spinalganglienzellen bei Satigethieren, und Bemerkungen iiber den cen-
tralen Zellen. Arch. mikr. Anat., Bd. 46, p. 379. 189s.
Morphologie der Zelle. Merkel und Bonnet, Ergebn.,vol. 6, pp. 184-283.  1896.
Ueber den Bau der Bindegewebezellen und Bemerkungen iiber die Struktur der Zellsubstanz
Allgemein. Zeir. f. Biol., Bd. 34. 1897. ‘
Ueber die Struktur centraler Nervenzellen bei Wirbelthieren. Anat. Hefte, Bd. 6, pp. 561~570.
1896.
Die Struktur der Spinalganglienzellen der Siugtiere. Arch. f. Psychiatrie, Bd. 29, Hefte 3.
1897.
Frovp, R.
A contribution to the nervous cytology of Periplanata orientalis, the common cockroach.
Mark Anniversary Volume, p. 339. 1903.
Fracnito, O. ‘
Lo sviluppo della cellula nervosa, e i canalicolidel Holmgren. Ann.di Nevrologia, Anno 18.
1900.
Freup, S.
Ueber den Bau der Nervenfasern und Nervenzellen beim Flusskrebs. Wiener Sitzb. 1832.
Fritsch, G.
Ueber einige Bemerkungswerte Elemente des Centralnervensystems von Lophius piscatorius.
Arch. mikr. Anar., Bd. 27. 1886.
First, C. M.,
Ringe, Ringreihen, Fiden und Kniuel in den Kopf- und Spinalganglienzellen bei Lachse.
Anat. Hefte, Bd. 19, h. 2. 1902,
GEHUCHTEN, A, V.
I’Anatomie fine de la cellule nerveuse. Rapport prés au 12.  Congrés intern. de Med. Moscou.
1897.
L’Anatomie fine de la cellule nerveuse. La Cellule, vol. 13, pp. 313-390.
Modes de conservation du tissu nerveux et technique de la méthod de Nissl. La Belgique
Médicale. 1898.
GEHUCHTEN, A. v. AND NELIs.
Quelques points concernant la structure des cellules des ganglions spinaux. Bull. de P Acad.
de Médecin de Belgique. 1898.



SmaLLwoop AND RoGeRrs, Molluscan Nerve Cells. 79

GOLDSCHEIDER UND FLATEAU.
Normal und Pathologische Anatomie der Nervenzellen auf Grund der Neusten Forschungen.
Berlin. 1898.
Gotar, C.
Untersuchungen {iber den feineren Bau des centralen und periphereischen Nervensystems.
ena. 1894.
Intorno a?la struttu?a delle cellule nervose. Boll. Soc. Med. Chir. Pavia, Nr. 1. 1898.
Appunti intorna alla struttura delle cellule nervose. Rend. R. Ist. Lomb. Sc. Lett.  S.2,vol. 31.
1898,
Sulla struttura delle cellule nervose dei gangli spinale. Boll. Soc. Med. Chir. Pavia. 189¢8.
Di nuovo sulla struttura delle cellule nervose dei gangli spinali.  Acrh. Ital. de Biol.  1899.
Sur 1a structure des cellules nerveuses de la moélle épiniére. Cinquant. de la Soc.de Biol. de
Paris. 1899.
Intorno alla struttura delle cellule nervose della corteccia cerebrale. Verh.d. Anat. Ges. 1900.
Ueber die feinere Struktur der Zellen mancher Driisen bei Sdugethieren. Verk. d. Anat. Ges.
1900.
Le reticulugm intracellulaire et la structure fibrillaire periphérique de la cellule nerveuse. C. R.
13 Congr. Intern. Med. Paris, p. 83. 1900,
GraAF, A, :
On the use and properties of a new fixing fluid (chrome-oxalic) with preliminary notes upon
the fibrillar structure of the ganglion cells and introductory remarks upon the
methods of fixation in geperal. N. Y. State Hospital’s Bulletin, vol. 2, pp. 368—384.
1897.
GuEerrINg, G.
De Paction de la fatigue sur la structure des cellules nerveuse de Pecorce. Arch. Ital. Biol.,
vol. 32, pp. 62-64. 1899.
Modifications de structure de la cellule nerveuse corticale dans la fatigue. Rev. Path. Nerv.
Ment. vol. 4, pp. 1-18. 1900.
Hamaker, J. L
The nervous system of Nereis virens Sars. Bull., Mus. Comp. Zool. vol. 32, No. 6. 1898,
Harar, S.
The finer structure of the spinal ganglion cells in the white rat. Jour. Comp, Neurol.,vol. 11,
p. 1. 1I9oI.
On the presence of the centrosome in certain nerve cells of the white rat. Jour. Comp. Neural.
val. 11, p. 25. 190I.
On the mitosis in the nerve cells of the cerebellar cortex of feetal cats. Four. Comp. Neurol.,
vol. 11, p. 277. 1901.
Effect of partial starvation on brain of the white rat. Am. Jour. Phkysiol., vol. 12, p. 116.
1904.
Haver, J. ?
Note preliminaire sur le systéme nerveux des Limax. dnar. Anz., Bd. 16, p. 241. 1899.
L’état moniliforme des neurones chez les Invertébrés avec quelques remarques sur les verté-
brés. La Cellule, vol. 16, pp. 37-44; 45-46. 1899,
Hemuany, E.
Ueber die feinere Struktur der Spinalganglienzellen.  Fortschr.d. Med., Bd. 16. 1898.
Beitriige zur Kenntnis der feineren Struktur der Spinalganglienzellen. Firch. Arch., Bd. 152.
298, 1898.
Hevrp, H.
Beitrige zur Struktur der Nervenzellen und ihrer Fortsitze. I. Abbandl. 4rch. Anat.
[u. Phys]. 1895~1897. supl.1897.
Beitrige zur Struktur der Nervenzellen und ihrer Fortsitze. Arch. f. Anat. [u. Physiol], p.
204. 1897.
Beitrige zur Struktur der Nervenzellen und ihre Fortsitze, I. Arch. f. Anat. [u. Physiol.].
1895.
Ueber expel?ifnentelle Reifung der Nervenmarks. Ibid., p. 222. 18935,
HencuMmaN, ANNie P.
The origin and development of the central nervous system in Limax maximus. Bull. Mus.
Comp. Zool., vol. 20, No. 7. 1890,
HenscHen, S.
Ueber Trophospongienkanilchen sympathischer Ganglienzellen beim Menschen. Arar.
Anz.,, Bd. 24, p. 385. 1904.



80  Journal of Comparative Neurology and Psychology.

Hopge, C. F.
Some effects of stimulating ganglion cells.  Am. Four. Psych.,vol. 1, p. 479. 1888,
Some effects of electrically stimulating ganglion cells. A4m. JYour. Psych.,vol. 2, p. 376. 1889.
The process of recovery from the fatigue occasioned by the electrical stimulation of ganglion
cells. Am. Four. Psych.,vol. 3, p. 530. 1891,
A microscopical study of changes due to functional activity in nerve cells. Four. Morph.,
vol. 7, pp. 95-168. 1892.
A microscopical study of the nerve cell during electrical stimulation. Jour. Morph., vol. g,
Pp- 449-463. 1894.
Die Nervenzelle bei der Geburt und beim Tode an Alterschwiche. Anat. dnz., Bd. 9, p. 706.
1894.
Hormeren, E.
Zur Kenntnis der Spinalganglienzellen des Kaninchens und Frosches. Anat. Anz., Bd. 16, pp.
161~171. 1899,
Zur Kenntnis der Spinalganglienzellen von Lophius piscatorius. Merkel und Bonnet. Anat.
Hefre, Bd. 9, H. 1. 1899.
Weitere Mitteilungen iiber den Bau der Nervenzellen. Anat. Anz., Bd. 16, pp. 388-397.
1899.
Noch Weitere Mitteilungen liber den Bau der Nervenzellen verschiedener Tiere. Anat. Ana.,
Bd. 17, pp. 113-129. 1900.
Studien in der feineren Anatomie der Nervenzellen. " Anar. Hefte, Bd. 15, H. 1. 1900,
Weitere Mitteilungen iiber den ‘‘Saftkanilchen’ der Nervenzellen. Anat. Anz., Bd. 18,
p. 290-296. 1900,
Von den Ovocyten der Katze. Anat. Anz., Bd. 18, p. 63-69. 1900,
Beitriage zur Morphologie der Zelle. I. Nervenzellen. Anat. Hefte, Bd. 18, H. 2. 1901.
Weiteres iiber das ““Trophospongium™ der Nervenzellen und der Driisenzellen des Salamander-
Pankreas. drch f.mikr. Anat., Bd. 60. 1902.
Ueber die ““Trophospongien™ der Darmepithelzellen nebst einer Bemerkung in betreff einer
von Prof. Browicz neulich publizierten Abhandlung iiber die Leberzellen. 4nat.
Anz., Bd. 21, p. 477-484. 1902.
Ueber die Saftkanilchen der Leberzellen und der Epithelzellen der Nebentiere. Anat. Anz.,
Bd. 22, pp. 83-86. 1902.
Ueber die “Trophospongium® der Nebenhodenzellen und der Lebergangzellen von Helix
pomatia. Anat. Anz., Bd. 22, pp. 83-88. 1902,
Weiteres iiber die “Trophosponglen ? der Leberzellen und der Darmeplthelzellen Anat.
Anz. Bd. 22, pp. 313~323. 1902.
Weitere Mitteilungen iiber die Trophospongienkanilichen der Nebenniere vom Tgel. Anat.
Anz., Bd. 22, pp. 476481. 1902,
Ueber die Trophospongien der Nervenzellen. Anat. Anz., Bd. 24, pp. 225-244. 1904.
Hunter, G. W.
Notes on the finer structure of the nervous system of Cynthia partita. Zool. Bull.,vol. 2, pp.
99-115. 1898,
Jorv,
Ueber die Ganglienzellen des Riickenmarkes. Zeit. f. wiss. Zool., Bd. 18, p. 443. 1868.
Josern, H.
Bemerkungen iiber der Bau Der Nervenzellen., Sitzungsber. d. deutschen naturw. med. Vereins.
f. Béhmen. “Letes”” Nr. 6. 1898.
JuriuspURGER,
Bemerkungen zur Pathologie der Ganglienzelle. Neur. Centralbl., Bd. 15, p. 386, 1896,
KorsTER.
Studien tiber das Centralnervensystem., I. Acta. Soc. Scient. Fennie. T.29. 1900,
Kriecer, K. R.
Ueber das Centralnervensystem des Flusskrebses. Zeit. f. wiss. Zool., Bd. 33, p. 527. 1880.
KroNTHAL, P,
Von der Nervenzelle und der Zelle im Aligemeinen. Fera, Fischer, 1902.
Lacaze-DuTHIERs.
Du systéme nerveux des Mollusques Gastéropodes pulmonés aquatiques. Arch. Zool. Exp.
et Gén., T. 1., pp. 437-500. 1872,
Lanousse, E.
La Cellule nerveuse et la Névroglie. A4nat. Anz.,Bd. 1, p. 114. 1886.



SMaLLwooD aND RoGeRrs, Molluscan Nerve Cells. 81

Lang, A.
Die Polycladen des Golfes von Neapel, etc. Fauna und Flora d. Golfes v. Neapel. (Zool.
Stat. Neapel) 11, Monog. Nervensystem, pp. 16g-190. 1884.
Untersuchungen zur vergleichenden Anatomie und Histologie des Nervensystems der Platy-
helminthen. II. Trematoden. Mitteil. aus der Zool. Stat. Neapel, Bd. 2, p. 28.
1881,
LzGeNDRE, R.
Note sur la nature des Canalicules de Holmgren des Cellules nerveuses d’Helix. Bull. de la
Société Philomathique de Paris. 1905.
De la Nature pathologique des Canalicules de Holmgren des Cellules nerveuses. Compt.
Rend. d. Seances de la Soc. de Biol., vol. 59, p. 687. 1905.
Nature Pathologique des Canalicules de Holmgren des Cellules nerveuses. Compt. Rend.
Acad. Scien. Dec. 26. 1905,
Sur divers aspects de neurofibrilles intracellulaires obtenus par la méthode de Bielschowsky.
Anat. Anz. Bd. 29. 1906.
Sur un nouveau detail de la structure des cellules d’Helix pomatia. Compt. Rend. Soc. Biol.,
vol. 6o, p. 488. 1906,
Sur les modifications des cellules nerveuses d’Helix pomatia pendant Pasphyxie par immersion.
Comp. Rend. Soc. Biol., vol. 6o, p. 388. 1906.
Lenuossix, M. v.
Das feinere Bau des Nervensystems im Lichte neuster Forschungen. Berlin. 1893.
Ueber Nervenzellenstrukturen. Verk. Anat. Ges., in Anat. Anz., Bd. 12, pp. 15-20. 1896.
Ueber den Bau der Spinalganglienzellen. Neur. Central. 1898.
Ueber den Bau der Spinalganglienzellen des Menschen. L’Année Biol., vol. 3, p. 648. 1897.
Lev, G.
Considerazione culla struttura del nucleo delle cellule nervose. Riv. Parhol. Nerv. ¢ Ment.,
vol. 3, p. 289-295. 1898.
Sulle modificazione morfologiche delle cellule nervose di animali a sangue freddo durante
Phibernazione. Riv. Pathol. Nerv. e Ment., vol. 3, p. 337-359. 1898.
Lews, M.
Centrosome and sphere in certain of the nerve cells of an invertebrate. Anat. Anz., Bd. 12,
p. 291-299. 1896,
Lucaro, E.
Sulla patologia delle cellule dei gangli sensitivi. Riv. di Patologia nervosa e mentale, vol.

5. 1900,
Sulle modificazioni delle cellule nervose nei diversi stati funzionali. L’dnnée Biol., vol. 1, p.

624. 1893,
Mann, G.
Changes in nerve cells during functional activity.  Jour. Anat. and Physiol.,vol. 29, p. 100-107.
1894.
Die fibrillire Struktur der Nervenzellen. Anat. Anz., Bd. 14, Erginzungsheft. Verh. Anat.
Ges. 1898,

MacCarrum, A. B.
Some points in the micro~chemistry of nerve cells. Britisk Med. JFour.,vol. 2, p. 778. 1898.
On the detection and localization of phosphorus in animal and vegetable tissues. Pro. Roy.
Soc, Lon., vol. 63, p. 467. 1898.
McCrure, C. W. F.
On the presence of centrosomes and attraction spheres in ganglion cells of Helix pomatia,
with remarks on the structure of the cell body. Princeton Coll. Bull., vol. 8, p. 38.
1896.
The finer st?-ucture of the nerve cells of invertebrates. I. Gasteropoda. Zool. Fahrb. Abt.
Morph., Bd. 11, p. 13-60. 1897.
Merus, F.
Ueber den von LaVallette St. George entdeckten Nebenkern (Mitochondrienkérper) der
Samenzellen. Arch. §. mikr. Anat., Bd. 61.
MariNesco, M. G.
Recherches sur Phistol. de la cellule nerveuse etc. Compt. Rendu. 12 Avril, 1897.
Pathologie de la cellule nerveuse. Rapport prés au Cangrés intern. de Med. Moscou. 1897.



82  FYournal of Comparative Neurology and Psychology.

MarTiNorTL, C.
Sur quelques particularités de structure des cellules nerveuses. drch. Ital. Biol.,vol. 32, p. 293.
1899.
MaRTINOTTI ET TlRE9LLl.
La Microphotographie appliquée a ’étude des cellules nerveuses des ganglions spinaux. Anat,
Anz., Bd, 17, p. 369. 1900.
MatHews, A,
A contribution to the chemistry of cytological staining. Am. Jour. Physiol., vol. 1, No. 4.
1898.
Mexci, E. ?
Ueber das Verhiltniss der Lymphocyten zu den Nervenzellen. Sirzungsber. d. Kgl. bihm.
Ges. d. Wissenschaften. Prag. 1903.
Merck, L.
Vom Fett in Aligemeinen, von Hautfett in besonderen. Bisl. Cent., Bd. 18, No. 12, p. 425.
1898,
Micuacrs, H.
Beschreibung des Nervensystems von Orcytes nasicorum im Larven, Puppen, und Kiferzu-
stande,  Zea. f. wiss. Zool., Bd. 34, p. 641, 1880.
Minor, C. S.
Senescence and rejuvenescence. Four. Physiol., vol. 12, p. 97. 1891.
On certain phenomena of growingold. Proc. Am. Assoc. Adv. Sci.,vol. 39. 1890.
Montcomery, T. H.
Studies on the elements of the central nervous system of the Heteronemertini. Four. Morph.,
vol. 13, No. 3. 1897.
Monri, Riva.
Sur les gradulationes du protoplasma de quelques ciliés. Arch. Ital. de Biol. 'T. 24, F. 2.
1895.
Mosso, A.
Les lois de la fatigue étudiés dans les muscles de Phomme. Travaux de Lab. de Physiol. de
la Universite de Turin. 1899. .
MUuLLER, E.
Untersuchungen iiber den Bau der Spinalganglien. Nord Med. Arkv. N.F.,vol. 1. 1891,
Minimany, M.
Die Verinderungen der Nervenzellen in verscheidenen alter beim Meerschweinchen. Anat.
Anz., Bd. 19. p. 377. 1901.
Minpen, M.
Dritter Beitrag zur Granulafrage. Arch. f. Anat. u. Physiol., p. 370. 1897.
Nansen, F.
Preliminary communication on some investigations upon the histological structure of the central
nervous system in the Ascidia and in Myxine glutinosa. A4nn. Nat. Hist.,, Ser. V.
18, p. 209. 1886.
The structure and combination of the histological elements of the central nervous system.
Bergens Museums darsberetning, Bergen. 1887,
Die Nervenelemente, ihre Struktur und Verbindung im Centralnervensystem. Anat. Anz.,
Bd. 3, p. 157. 1888,
Newus, CH.
Un nouveau détail de structure du protoplasma des cellules nerveuses (état spirémateux du
protoplasme). Bull.de ' cad. R. de Belgique. T.37,pp. 102-125. 1899,
Nisst, Fr.
Ueber die Untersuchungmethoden der Grosshirende. Tagebl. d. Versam. deutsch Natur-
forsch. Strasburg. 188s.
Die Hypothese der Spezifischen Nervenzellenfunktion. Zeir. f. Psychiatr., Bd. 54.
Ueber die Nomenklatur in den Nervenzellenanatomie und ihre nichsten Ziele. Neur. Cenu.,
Bd. 14, pp. 66-75, 109-110. 1895,
Nervenzellen und graue Substanz. Maunch. Med. Wochenschr., Bd. 45, pp. 988-992, 1023~
1029, 1060-1063. 1898.
Die Beziehungen zu den thitigen und ermiideten Zellzustande. Neur. Centralbl., Bd. 15, p.
39. 1895.
Kritische Fragen9§ier Nervenzellenanatomie. Neur. Centralbl., Bd. 15, p. 157. 1896,



SmaLLwoop AND RoGers, Molluscan Nerve Cells. 83

OLwmER, D.
Recherches sur les granulationes de la cellule nerveuse. Thesss, Lyon, 93 pp. 1901.
Note sur le pigment des cellules nerveuse. C. R. Soc. Biol., vol. 53, p. 506. 190I.
OWSJANNIKAU.
Recherches sur la structure intime du systéme nerveux des Crustacés. dnn. Sc. Nat., vol. 15.
Packarp, A. S.
On the structure of the brain of the sessile eyed crustacea. Nat. dcad. Sci., vol. 3, Washing-
ton, Ap. 1884.
Parapivo, G.
Sur la constitution morphologique du protoplasme des cellules nerveuses dans la moelle épenidre
Arch. Ital. Biol., vol. 29, p. 6o.
Prrbcke.
Zur Kenntnis des feineren Baues der Nervenzellen bei Wirbellosen.  Zeiz. f. wiss. Zool., Bd.
60, pp. 500-542. 1395.
PewsNER-NEUFELD.
Ueber die ‘“Saftkandlchen™ in den Ganglienzellen des Riickenmarkes und ihre Beziehung zum
pericelluliren saftliichen system. Anat. Anz., Bd. 23, p. 424. 1903.
Porrir, J.
Contribution 4 Phistoire des Trematodes. Arck. Zool. Expér. et Gen., Ser. II, T. IIL, pp.
465-625. 1883,
Pucnar, CH.
Recherches sur la structure des ganglions spinaux de quelques reptiles. Anat. Anz., Bd. 14,
p- 89. 1397.
Sur les modificationes histologiques des cellules nerveuses dans Pétat de fatigue. C. R. Acad.
Sci., vol. 125, p. 736.
Des modificationes histologiques de la cellule nerveuses dans ses divers états fonctionells.
Bibliog. Anar. 1898.
Sur les modificationes histologiques des cellules nerveuses dans la fatigue. Four. Phys. Path.
Gen.,vol. 3, p. 183.
Ranp, H. W.
The regenerating nervous system of the Lumbricide and the centrosome of its nerve cells.
Bull. Mus. Comp. Zool, Harvard, vol. 37, p. 86-164. 1901.
REerz1us.
Das Nervensystem des Lumbricus. Biol. Unters., N. F. 1892,
Ruopg, E.
Histological investigations upon the nervous system of the Chatopoda. Ann. Nat. Hist.,
Ser. V., vol. 18, p. 311. 1886.
Histologische Untersuchungen iiber das Nervensystem der Chetopoda. Zool. Bestrige
Schneider,vol. 2. 18g0.
Ganglienzelle und Neuroglia. Arch. mikr. Anat., Bd. 42. 1893; Bd. 45, Bd. 47. 189s.
Die Ganglienzelle. Zest. f. wiss. Zool., Bd. 64. 1898.
Untersuchungen iiber den Bau der Zelle. I. Kern und Kernkorper. Zes. f. wiss. Zool.,
Bd. 73, pp. 497-682. - 1903.
The same. II. Ueber einartige aus der Zelle wandernde “Sphiren™ und ¢“Centrosome”
ihre Entstehung und ihre Zufall. Bd. 75. 1903,
The same. III. Die Entstehung von Mitochondrien und Chondromiten aus eigenartigen
intra- und extrazellularen Sphiren. Bd.76. 1904 a.
The same. IV. Zum histologischen Wert der Zelle. Bd.78. 1904 b.
RosEerTson, F.
Critical digest, normal and path. histology of the nerve cell. Brain, vol. 22. 1899. (A very
excellent account of the histology of the nerve cell of vertebrates for the years between
1893 and 1898. There accompanies the article a bibliography of 523 different titles.
The review aims to present much that is of direct interest to physicians.)
Ruzicka, V.
Untersuchungen iiber die feinere Struktur der Nervenzellen und ihrer Fortsitze, Arch. f.
mikr. Anat., Bd. 53, p. 485. 1898.
Sapovsk, S.
On the changes of the nerve centers caused by peripheral irritation. (Russian.) St. Petersburg.
1899.



84  Journal of Comparative Neurology and Psychology.

Scuurrz, H.
Die fibrillare Struktur der Nervenelemente bei Wirbellosen. Arch. mikr. Anat., Bd. 16.
Scort, F. H.
The structure, microchemistry, and development of nerve cells with special reference to their
nuclein compounds. Frans. Can. Inst., vol. 6, p. 405. 1898-1899.
University Toronto Studies, Phys. Ser., 1. 1900.
Simon, CH.
Recherches sur la cellule des ganglions sympathiques des hirudinées. Four. Internat. &’ Anat.
et de la Physiol. T. 13. 1896.
SiMROTH. R
Ueber die Sinnesorgane unserer einheimischen Weichtiere. Zeit. f. wiss. Zool., Bd. 26, p.
227-349. 1876.
SjoRRING.
Ueber das Formol aus Fixierungsfliissigkeit. Anat. Anz., Bd. 17. 1900.
SmarrLwoop, W. M.
Preliminary Report of the cytology of molluscan nerve cells. Four. Com. Neu. and Psych.,
vol. 16, p. 183. 1906.
SmarLwoop, W. M. anp Rocers, C. G.
Some observations on gasteropod nerve cells. Science, N. S., vol. 22, No. 588. 1906,
SmirNOw.
Einige Beobachtungen iiber den Bau der Spinalganglienzellen bei einen viermonatlichen
menschlichen Embryo. Arch. f. mikr. Anat., Bd. 59. 1901,
SoLer1g, A.
Ueber die feinere Struktur der Nervenelemente bei den Gasteropoden. Leipsig. 1872.
SoLGer, B.
Struktur von Nervenzellen. Med. Verein. Griefswald. Sitz. 1. 1897.
Stupnicka, F. K.
Ueber das Vorkommen vom Kanilchen und Alveolen im Kérper der Ganglienzellen und in dem
Achsencylinder einiger Nervenfasern der Wirbeltiere. Anat. Anz., Bd. 16, pp. 397—
461. 1899,
Beitrige zur Kennzlgu's der Ganglienzellen. I. Ein neuer Befund von Centrosome: die intra-
celluliren Kanilchen. 8itz. d. k. Ges. d. wiss. Prag., Mai, 1900.
II. Einige Bemerkungen iiber die feinere Struktur der Ganglienzellen aus dem Lobus elec-
tricus von Torpedo marmorata. 8. B. Bihm. Ges., Bd. 15.
SzczawiNska, W,
Sur la structure réticulaire des cellules nerveuses centrales. C. R. 4c. Sci., vol. 122, pp. 379~
380.
Recherches sur le systéme nerveux des selachiens. Arch. de Biol., vol. 15, p. 463. 1897.
Timoreew, D.
Beobachtungen iiber den Bau der Nervenzellen des Spinalganglien und des sympathicus beim
Vogel. Intern. Monat. f. Anat. u. Physiol.,Bd. 15, p.259. 1898.
TURNER,
A method of examining fresh nerve cells. Brain, vol. 20 p. 450. 1897.
Substance chromophile normale et path. Réaction acide ou alcaline du cortex. Brain,vol,
22, p. 100. 1899.
Vas, F.
Studien iiber den Bau des Chromatin in der Sympathischen Ganglienzellen. Arch. f. mikr.
Anat., Bd. 40, p. 375.

Verarm, E.
Ueber die feinere Struktur der Ganglienzellen des Sympathicus. A4nat. 4nz., Bd. 15, pp. 190~
195. 1899. .
VienaL, W.

Note sur ’Anatomie des centres nerveux du mole, Orthagoriscus mola. Arch. de Zool. Exp.
et Gen., T. 9, p. 369. 1881,
Arch. de Zool. Exp. et Gen., Ser. I, T. 1, p. 267-412. 1883.
WAGNER, G.
Ueber den Zusammenhang des Kerns und Kern&rpers der Ganglienzellen mit dem Nerven-
faden. Zeir. wiss. Zool., Bd. 8. 1857,



SmaLLwoop AND RoGers, Molluscan Nerve Cells. 85

WARRINGTON.
On the structural alterations observed in nerve cells. Feur. Physiol.,, vol. 23, pp. 112-129.
1898,
WairweLt, J. R.
Nuclear vacuolation in nerve cells of the cortex cerebri. Brain, vol. 12, p. 520. 1899-1900.



86 Fournal of Comparative Neurology and Psychology.

PLATE 1.

Fic. 1. Photograph of a section of ganglion of Limax, fixed in absolute alcohol and stained by iron-
hematoxyln. The cells show many vacuoles of various sizes in the cytoplasm, some of which contain
solid bodies.

Fic.2. Same as above, under higher magnification, -fzinch oil immersion lens used in making photo-
graph.

Fic. 3. Photograph of a living nerve cell of Planorbis under % inch oil immersion lens. Note
the very large nucleus and mass of pigment granules at the axone hillock of cell.

Fics. 4 anp 5. Photographs of sections of ganglion of Planorbis, fixed in osmic acid, unstained.
The dark bodies are the same as those shown in Fig. 3.
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