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Preface

In 1887 Fridtjof Nansen (1861-1930) published his doctoral thesis The Structure
and Combination of the Histological Elements of the Central Nervous System
as a finale to his 5 years at the Bergen Museum.

When Nansen left the field of neuroscience to pursue his interests in Arctic
explorations in 1888, his thesis and novel findings in support of the doctrine
of independent neurons was overshadowed by the contributions of two of the
prominent neuroscientists of the time, Santiago Ramén y Cajal (1852-1934) and
Camillo Golgi (1843-1926) who were to share the Nobel Prize for Physiology or
Medicine of 1906. When the fine details of the synaptic apparatus, the dotted sub-
stance as described by Nansen in 1887, was verified by electron microscopy in the
1950s, there was a revival of the interest in the history of the Neuron Doctrine.

A facsimile of the original version of Nansen'’s thesis was included in the
proceedings of The Nansen Symposium on New Concepts in Neuroscience — A
Centenary Commemoration of Fridtjof Nansen's Contribution to Neurobiology
held in Bergen during 1987. This prompted a renewed appreciation of Nansen's
contributions to the structural organization of the central nervous system.
Eventually Nansen was named, together with Wilhelm His Sr. (1831-1904) and
August Forel (1848-1931), as one of the forefathers of the Neuron Doctrine, and
Nansen’s thesis had secured its place as the first Norwegian contribution to the
history of neuroscience.

The facsimile version from 1987 is long since out of print, and the back-
ground for the research that led to the thesis is no longer common knowledge,
even among Norwegian neurobiologists of the 21% century. Therefore, for the
benefit of new generations of historically interested neuroscientists world-wide,
a facsimile version of Nansen’s original thesis in English is presented once more;
this time in a special volume including also facsimiles of the synopsis of the
thesis in German and of the English translation of the Nansen Memorial Lecture
delivered by Jan K. S. Jansen to the Norwegian Academy of Science and Letters
on Nansen's birthday on 10 October 1982. In addition, this commemorative
volume also comprises two historical essays; one dealing with Nansen's time



at the Bergen Museum between 1882 and 1887 and the defence of his doctoral
thesis on 28 April 1888, and the other on the relevance of Nansen'’s thesis for the
development of the Neuron Doctrine.

The continued encouragement and support from Professor Ole Didrik Leerum
and Professor Rolf K. Reed are gratefully acknowledged. The editors also thank-
fully acknowledge the editorial assistance from Mary Bock and Alisa Stewart
Smith in Cape Town, South Africa.

Financial support has been received from the Nansen Foundation, Unifor,
Oslo, the Nansen Environmental and Remote Sensing Center, Bergen, the Faculty
of Medicine and Dentistry, the Faculty of Mathematics and Natural Sciences, the
Department of Biology, the Department of Biomedicine and the Department of
Clinical Medicine at the University of Bergen.
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FRIDTJOF NANSEN

at the Bergen Museum
1882-1887

Karen B. Helle

en Fridtjof Nansen (1861-1930) returned to Christiania after five months
of seal hunting along the east coast of Greenland in 1882, he was in serious
doubts about his choice of subjects to study at the University. Should he choose
physics and mathematics or zoology? An alternative emerged when the curator
at the zootomic museum in Christiania, Robert Collett (1842-1913), encouraged
him to apply for the vacancy of junior curator in zoology at the Bergen Museum.
Nansen tried his luck and got the job despite his lack of a formal university
qualification in zoology.

The Bergen Museum
The museum was housed in a modern building dating from 1865, located just
outside the city boundary. It was well established in research, notably on the
marine biological collections derived from the first Norwegian Oceanographic
Expedition to the North 1876-1878 (NOEN) (Bliksrud et al. 2001). The head of
the museum was Daniel Cornelius Danielssen (1815-1894), principal physician
of the Lungegaarden Hospital (Kjeerheim, 1961). In 1855 Danielssen together
with professor Carl Wilhelm Boeck (1808-1875), had been awarded the Prix
Monthyon from the Academy of Sciences in Paris for their monumental trea-
tise on leprosy. As an internationally renowned natural scientist Danielssen
was also the first to be elected a member of the newly organized Norwegian
Academy for Science and Letters in 1858. Danielssen was a gifted, charming and
warm-hearted person, young at heart despite his 67 years and had a legendary
capacity for work. Besides his professional obligations, he was heavily involved
in the political and cultural life of Bergen and had served as a representative to
the Norwegian Parliament over a period of 17 years (1859-1876). Nansen and



Danielssen developed a long- lasting friendship despite their age difference of
44 years (Helle 2014).

In 1882 Nansen replaced the zoologist Olav Scheweland Jensen (1847-1887)
as junior curator. Jensen was Norway's first specialist in microscopic anatomy
and cytology and the only staff member at the museum to engage in such studies.
The other zoologists focused mainly on descriptive and systematic studies of the
vast collection of specimens from NOEN.

In 1886 the scientific staff at the museum consisted of seven men. Besides
Danielssen were two senior scientists, Gerhard Armauer Hansen (1841-1912)
and Herman Friele, (1838-1921), two senior curators, Fridtjof Nansen (1861-1930)
and Anders Lorange (1847-1888) and two junior curators, Jergen Brunchorst
(1862-1917) and James Grieg (1861-1936).

Nansen’s time in Bergen

It is probably fair to say that luck favoured Nansen when he decided to accept the
offer from the Bergen Museum. Not only was he warmly received, he was also
fortunate in his choice of a host family: the parson and philantrophist Vilhelm
Frimann Koren Holdt (1845-1930) and his wife Marie (1845-1922). The childless
couple rented a flat at Engen nr 10, just a short walk from the museum. Nansen
was treated as a son and he became closely attached to both the parson and his
wife.

Once at the Bergen Museum, Nansen was immediately put to work, pre-
paring, describing and systemizing specimens from the vast body of biological
material from NOEN. Soon, totally absorbed in his work, he taught himself
the microscopic techniques, applying them in an independent manner. Within
three years he had completed his first scientific paper "Bidrag til Mpzostomenes
anatomi og histologi”! and was awarded the Joachim Friele Gold Medal. He had
described six different species of myzostomes, minute marine worms occurring
as parasites on various crinoids, in particular sea lilies and feather stars. Two of
the myzostomes were novel finds and were later named M. Giganteum Nansen
and M. Grafi Nansen (Willassen 2011). This first paper was testament not only
to Nansen's acquired skill in taxonomical zoology but also to his determination
never to shy away from hard work in order to achieve his goal. In apprecia-

! Bergens Museums Skrifter 1885, nr. 3.
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tion for Danielssen’s support and encouragement, Nansen dedicated his first
publication to him. Needless to say, Danielssen was very pleased with Nansen's
achievements. These early findings were included in the German Handbuch der
Zoologie? (Broch 1954), thereby adding convincingly to the international repu-
tation of the museum.

Work and spare time

Both in his diary and in letters to his father Nansen elaborated on how he had
become totally absorbed by microscopy and could not think of anything else.
His father worried about his obsession with work, and Nansen had to admit that
he did find time for a mountain walk now and then. He had also become one
of the founders of a local gymnastics club. In the last letter that Nansen wrote
to Holdt, his host in Bergen, on Christmas Eve 1929 he recalled the good times
he had enjoyed in their home. According to Holdt, Nansen frequently went for
walks in the mountains surrounding Bergen, accompanied only by his hunting
dog Flink. On the other hand, two of his colleagues at the museum, Herman Friele
and his nephew James Grieg, were excellent company on longer excursions, e.g.
to Frieles hunting cabin in Bergsdalen. Grieg was also a regular companion on
numerous excursions to the mountains surrounding Bergen, whether on skis
or on foot. Nansen was also remembered for his specially cut woollen Jaeger
suits, setting a fashion that soon spread among the sporty youths nationwide.

The German and Italian adventure
Nansen's duties as a junior curator included assisting the many foreigners who
visited the museum for shorter or longer periods during the summer months.
One of them was Othniel Charles Marsh (1831-1899), a famous Yale University
professor and head of the US Paleontological Survey. Marsh offered Nansen a job
with the Survey but Nansen declined because he felt he needed to concentrate
on his doctoral thesis.

In pursuit of this aim Nansen wrote to his father on 30 March 1885 that he
planned to complete his thesis by the end of the following year. So as to secure
more time for his own studies he handed in his resignation, much to the despair
of Danielssen. In order to persuade Nansen to stay on, Danielssen offered him

2 Founded by Willy Kiickenthal. In the chapter on Myzostomida, 1926/27, volume III, pp 132-210
Nansens work is referred to throughout.
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the position of senior curator upon the forthcoming retirement of Johan Koren
(1808-1885), and an assistant to help with his museum work. Nansen accepted
and continued as junior curator until he set off on a journey to Germany and
Italy in April 1886, financed by the sale of the Gold Medal.

In Germany Nansen visited many professors whom he had met in Bergen.
Among these, in Jena, was the famous developmental biologist Ernst Haeckel
(1834-1919). Haeckel's assistant Willy Kiickenthal (1861-1922) had spent several
months in Bergen in 1885 and become a friend of Nansen.

Nansen also visited many of the museums in contact with the Bergen Museum,
as well as their chemical supplier and the lithographic print shop which printed
their plates from the camera lucida engravings on stone prepared from the
microscopic slides.

Nansen then went to visit Camillo Golgi (1843-1926) in Pavia. Here Golgi’s
assistant Romeo Fusari (1857-1920) taught Nansen many important details
of the revolutionary silver impregnating staining technique which Golgi had
developed in 1873. Finally, Nansen arrived at the Biological Station of Anton
Dohrn (1840-1909) in Naples where, after some negotiations because Norway
did not contribute to the running costs of the institute, he was allowed to stay
for two months. During this period he succeeded in staining nervous tissues
from marine invertebrates and Myxine glutinosa by adapting the Golgi method
to the necessary high salt concentrations for proper fixation of specimens of
marine invertebrates.

Nansen had been greatly inspired by the many contacts he had made during
his travels. In particular, the biological station in Naples had made an enormous
impression on him, and he became an ardent advocate for the need for such a
station in Norway. Before leaving Bergen in May 1887 he presented a detailed
plan for a similar biological station at the Bergen Museum. The local beneficiary
society, Det Nyttige Selskab, immediately went ahead with his idea, and within
five years this station was indeed inaugurated, largely at the expense of the
same society.

Backin Bergen
By August 1886 Nansen was back in Bergen, full of enthusiasm for his thesis
project. During the following months he worked frantically towards his goal,
successfully completing the last experiments with his own improvements of
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the Golgi method. He also had to prepare the drawings from the microscopic
slides by the time-consuming camera lucida technique on lithographic stone.
These were sent to Leipzig for processing and the prints had subsequently to be
mounted in the text before the final, hand-written manuscript could be printed
after a long proofreading process.

Although Nansen’s original plan had been to complete the doctoral thesis
by the end of 1886, it was not presented in print to the governing board of the
museum until April 21, 1887.2 The title was "The Structure and Combination of
the Histological Elements of the Central Nervous System”. This was a remarkable
achievement. In a little less than ten months Nansen had compiled the extensive
thesis in English, comprising 185 pages of text, altogether 113 figures on 11 plates
and nearly 400 references (Nansen 1887b). In addition, Nansen had also found
time to publish three smaller and rather preliminary studies on the anatomy and
histology of the nervous systems in ascidians, Myxine and myzostomes (Nansen
1986a, 1886b, 1987a).

Nansen was taken by surprise when his original thesis in English could not
be accepted as such by the University in Christiania. He was obliged to write a
condensed version in Norwegian, with a French summary and one plate with 11
figures.* A condensed version in German was also published.’

The Examinations for the Doctoral Degree

Finally, on 3 December 1887, Nansen handed in his application for a doctoral
degree in philosophy at the Royal Frederich University in Christiania. Two weeks
later the examination committee was appointed. It consisted of two zoology pro-
fessors, Georg Ossian Sars (1837-1927) and Robert Collett (1842-1913), and the
botany professor Axel Blytt (1843-1897). Three months later, less than a month
before Nansen’s scheduled departure for Greenland to ski across the inland
icecap, the committee finally came forth with their conclusion, accepting the
thesis for defence. However, before the defence could take place Nansen had to
sit three written examinations to compensate for not having completed a formal
degree. These examinations were scheduled for 5.-7. April and the topics to be
answered in depth were:

3 Bergens Museums Aarsberetning for 1886
* Nordisk Medisinsk Arkiv, Autumn 1887.
° Anatomischer Anzeiger. 1888
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1. Provide a short description of the development of the central nervous sys-
tem in vertebrates;

2. Explain what is understood by the so-called Gastraeric theory; and

3. Describe the most important anatomical peculiarities in monotremata.

Two days later these papers were passed by the examiners. The following day
Nansen delivered a 45 minute lecture on a subject of his own choosing: “On
the generation of the sex organs of Myxine”. A week later Nansen had to give
two lectures on topics given to him by the committee: “What is understood
by alternating generation, and under which forms may it occur?” and "A brief
presentation of the modern views on the boarderline between the plant and animal
kingdoms”.

Following the approval of these three lectures, the defence of the thesis was
finally settled for 28 April 1888. The reason for this late date, so close to Nansen's
leaving for Greenland, was to allow the two appointed opponents enough time
to prepare their critical evaluations of the thesis. Neither of the two zoologists
on the examination committee had felt themselves competent as opponents
and had suggested that the professor in pathological anatomy, Hjalmar Hei-
berg (1837-1897), and the assistant professor in hygene, cand. med. Axel Holst
(1860-1931) undertake the task.

The Doctoral Disputation
According to University regulations the three lectures and the final doctoral
defense were open to the public. The disputation which lasted three and a half
hours in a filled auditorium was extraordinarily lively and was extensively
reviewed the same day in the evening editions of the two leading newspapers,
Morgenbladet and Aftenposten.

Although the opponents complimented Nansen on presenting a thesis of a
very high standard, the first opponent, the 28 year old Holst, was highly critical;
founding his views largely on his reading of the short Norwegian version of the
thesis, "Nerveelementerne, deres Structur og Sammenheang i Centralnervesystemet”.
He argued against Nansen’s physiological conclusions which were in sharp con-
trast to current dogma regarding the organization of the central nervous system.

_14_



In Holst’s opinion the thesis did not present sufficiently strong data in support
of Nansen'’s revolutionary conclusions. In his view, when Nansen had set him-
self the goal of solving such a major question, he should not have presented his
hypotheses until all his experimental data pointed in one single direction.

Holst also complained about the lack of original microscopic slides; if pre-
sented, these would have strengthened the arguments drawn by the author.
Without such evidential support, the reader had to rely only on drawings. Nansen
responded by saying that such microscopic slides could not be preserved in
their original state for more than a month; therefore they had to be reproduced
using drawings from the microscope by means of the camera lucida technique.
Nansen also argued that, for him, the anatomical aspects of the study had been
his major concern. Being an anatomist himself, he left it to the physiologists to
draw their own conclusions while he maintained his. Further, he stated that no
scientist would ever succeed in forwarding a hypothesis with 100 % certainty;
and that any probable theory would benefit the scientific progress.

Two medical doctors contributed to the dispute ex auditorio. Both referred to
their own experimental studies on the nervous system, and their arguments were
highly relevant. One of them, Berent Christian Vedeler (1849-1928), praised the
candidate for his skilful approach to the very difficult problem he had addressed.
He himself had for two years been engaged in studies of the nervous system
in lower animals at Pleiestiftelsen nr. 1, the Bergen Leprosy Asylum, however
without ever achieving similar, fine details in the microscopic preparations as
those presented by Nansen in his thesis. Nansen responded that such qualitative
differences were most likely due to differences in staining intensity.

The second opponent, Heiberg, concentrated mostly on the original observa-
tions by Nansen as presented in the English version of the thesis. Heiberg con-
cluded by stating that he was convinced that the majority of Nansen’s hypotheses
would soon be forgotten while the many important anatomical observations
would withstand the test of time. On behalf of the University and all natural
scientists Heiberg finished by wishing Nansen the best of luck on the forthcom-
ing Greenland adventure, "driven by an urge to discover the unknown areas of
the Arctic”. What Heiberg did not say, was that nobody expected to see him back
again from this extreme ordeal.

Although Nansen was the first to obtain a doctoral degree on basis of research
carried out at the Bergen Museum, his topic was foreign to the other scientific
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members of the museum with the exception of Dr. Hansen. Thus, neither
Danielssen nor any of the other colleagues in Bergen attended the disputation
in Christiania. In a letter to Danielssen posted from Kiel before takeoff for Green-
land, Nansen admitted that he had never felt so utterly exhausted as after all
the work involved in completing his doctorate while making the last minute
preparations for the Greenland adventure.

Nansen’s view of his benefit from the Bergen years
Nevertheless, in retrospect one may conclude that the internationally oriented
zoologists at the Bergen Museum had provided a highly congenial environment
for Nansen's development as a zoologist and independent scientist. Although
Nansen never returned to Bergen as senior curator after his return from Green-
land, he kept regular contact with Danielssen up to 1893 (Kjeerheim 1961).
According to his letters to Danielssen and Holdt, Nansen felt strongly that his
years in Bergen had been of fundamental importance both for his scientific
research and for his development as a human being. Nansen'’s last letter to
Danielssen was sent from the polar vessel Fram at Kjgllefjord on 16 July 1893.
Nansen had made a stop in Bergen to give a talk, visited Danielssen and seen the
new biological station for the first time. He offered his genuine praise for this
excellent establishment and complimented Danielssen and the Bergen Museum
on their success in financing the biological station now under construction, and
he also congratulated the city of Bergen for its eagerness in fronting such a novel
project, quite unlike the University which still was lagging behind with a similar
station in Drgbak. Nansen regretted that Danielssen was not in the best of health
and closed the letter with his warm and sincere thanks for Danielssen’s continued
support as a fatherly friend. Nansen pledged also his everlasting devotion and
admiration. This letter was the last to reach Danielssen who died a year later.

Late in life Nansen also kept a relatively frequent correspondence with Holdt.
In the Autumn of 1927 he reminisced on what a happy time it had been, the
friendship and comfort he had enjoyed in the Holdt home during those founding
years that to him were the most important in his life.

The fate of the Doctoral Thesis
Nansen's original publication and conclusions from 1887 were soon referred
to in Waldeyer’s paper in 1891. Nansen’s findings that the finest branches of
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the nerve cells made contact with each other without fusing together, was fully
concordant with the observations Wilhelm His had reported in 1886, and August
Forel in January 1887 (Edwards and Huntford 1998). However, the Spanish
neuroanatomist Santiago Ramoén y Cajal, who had used Golgi’s method since
1887 and had arrived at the same conclusions in 1888, did not mention Nansen
by name when he and Golgi shared the Nobel Prize in Medicine or Physiology
in 1906 (Bock 2013). Why Nansen was not nominated for the Nobel prize in 1906,
either from Norway or Sweden, was primarily a reflection of the fact that he
himself had not followed up his first publication which by many was considered
as preliminary. It is well known that Nansen never returned to neuroanatomy
after his return from Greenland in 1889, despite being urged by Danielssen
and others to do so. Nor did he find time to participate in any of the relevant
international meetings, and he therefore never met Cajal. On the other hand,
Nansen continued his correspondence with Golgi, yet declined an invitation
from him to participate in a major meeting in Toronto in 1892. The Swedish
neuroanatomist Gustaf Retzius (1842-1919), at one time a close friend of Nansen,
also tried hard to get him to return to research, but in vain. Eventually, also
Retzius’ interest faded, in particular after Nansen’s involvement in the dissolu-
tion of the union between Norway and Sweden in 1905 (Bock 2011). Although
a number of Nansen’s conclusions from 1887 were referred to in a range of
reviews on the organization of the central nervous system up to 1912, Nansen's
contributions to neuroanatomy thereafter were largely forgotten (Wyke 1962).
Consequently, as Nansen's reputation as an explorer rose, his scientific contri-
butions gradually went into oblivion until the 1950s.

When electron microscopy convincingly confirmed the existence of synaptic
gaps between adjacent neurons, Nansen's original conclusions from 1887 were
vindicated (Haymaker et al. 1970, Jansen 1982, Shephard 1991, Finger 1994,
Edwards & Huntford 1998, Bock 2013).
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FRIDTJOF NANSEN

his Dr.philos. thests,
and the Neuron Doctrine

Ortwin Bock

Introduction
he formulation of the Neuron Doctrine is probably the most important
Tevent in the history of the neurosciences during the nineteenth century. In
this Fridtjof Nansen (1861-1930) played a significant part. More than a hundred
years later he still has not received the recognition he fully deserves.

Reticular Theory

On 4 May 1872 Joseph Gerlach (1820-1896), Professor of Anatomy at Erlangen,
published a short article in Centrallblad fiir die medicinischen Wissenschaften
with the title: “On the structure of the grey matter in the human cerebrum.
Preliminary communication”. He said that during the previous winter he had
studied the micro-anatomy (histology) of the human brain using the gold stain.
At the end of a long sentence he wrote: “(these cells) are interconnected with each
other as well as connected with the radial bundle, whereby a coarsely meshed
network of medullated fibers is produced which can already be seen at 60 times
magnification”. This suggestion by one of the most eminent anatomists of the
time that the connections of the central nervous system resembled an electricity
distribution network was soon accepted by other anatomists and what became
known as the Reticular Theory was born.

Neuron Doctrine
However, as the next decades of the nineteenth century saw the development
of several newer histological techniques which made it possible to study the
histology of the nerve cell in more detail, the validity of the Reticular Theory
came under threat. Wilhelm Waldeyer (1836-1921), Professor of Anatomy
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at Berlin, had a talent for collating information from various biological and
scientific sources and making this available to readers of the Deutsche medizinis-
che Wochenschrift. In the last of a six-part review of the latest literature dealing
with the histology of the central nervous system published on 10 December 1891,
he wrote: “This needs to be said: The nervous system is made up of innumerable
nerve units (neurons) which are anatomically and genetically independent of
each other. Each nerve unit consists of three parts: the nerve cell, the nerve
fiber and the fiber aborations (terminal aborizations)”. In so doing Waldeyer
created the term neuron for the nerve cell, a term that was soon adopted by other
scientists. Although the article does not include a list of references, Nansen's
name is dotted throughout the text.

With the evidence growing in favour of the Neuron Doctrine, in October
1906 the professors of the Karolinska Institutet in Stockholm awarded that year’s
Nobel Prize for Physiology or Medicine to 63 year old Camillo Golgi (1843-1926),
Professor of General Pathology at Pavia, and 54 year old Santiago Ramén y
Cajal (1852-1934), Professor of Normal Histology and Pathological Anatomy
at Madrid, for their contributions. Golgi was recognized for the silver stain
for nervous tissue he had developed in 1873 while working at a hospital for
chronic diseases near Milan, a stain which for the first time made it possible
to study the finest structure of the neuron. Cajal, who used a modification of
this stain, was credited with convincingly showing that in animal and human
tissues the dendrites and axons of one neuron were in contact with, but not
in continuity with, those of adjacent neurons. However, full acceptance of the
Neuron Doctrine had to await the 1950s when electron microscopy proved that
there was undoubtedly a gap between adjoining neurons, a space for which
Charles Sherrington (1857-1952) had in 1897 coined the word “synapse” from
the Greek for a “clasp” (Fulton, 1949).

Nansen starts at the Bergen Museum
It is not too farfetched to say that the stars were lined up waiting for Nansen
when he arrived at Bergen to assume his duties as Junior Curator of the zoology
department a few weeks before his twenty-first birthday on 10 October 1882.
The museum, founded in 1825, had an international reputation for work on
marine biology and since 1864 had been presided over by Daniel C. Danielssen
(1815-1894), principal physician of the City’s leprosy hospital. Danielssen soon



realized that the best way to encourage his young curator was to leave him alone
to get on with his own thing.

A fellow staff member was Gerhard Armauer Hansen (1841-1912) who in
1873 had identified Mycobacterium leprae as the cause of leprosy. Shortly before
Nansen’s arrival in Bergen he had spent some time working in the laboratory
of Louise — Antoine Ranvier (1835-1922) in Paris who had used the silver stain,
which was to play such a pivotal role in Nansen’s work in his studies of the
histology of peripheral nerves (Nodes of Ranvier). Hansen tried as much as
possible to help Nansen, something the young curator did not always appreciate.

In the spring of 1883 the slightly older Willy Kiikenthal (1861-1922), a doctoral
student at the University of Jena who was interested in the nervous systems of
marine invertebrates, came for an extended visit (he subsequently had a distin-
guished academic career and was appointed professor of zoology at the Universi-
ty of Berlin in 1918). Kiikenthal had an engaging personality and soon persuaded
Nansen to study the central nervous systems of primitive sea creatures.

Lastly, the 37 year old Pastor Vilhelm Holdt and his wife Marie, a child-
less couple, provided Nansen with the home he had lost when he was a boy.
Nansen’s mother had died when he was fifteen years old and his father moved
to a flat in Christiania after selling the family home on a farm just outside the
city boundary. In response to a letter from his unhappy father in May 1883
Nansen explained that despite building up a circle of acquaintances in Bergen,
he wanted to spend that summer with the Holdts,! “the only people to whom I
really became attached” (Huntford, 2000).

Nansen’s review of the literature
When Nansen started his studies of the histology of the central nervous system
of the primitive sea animals he found in the fjords around Bergen, he reviewed
what was known about the relationship between adjacent nerve cells: “Regard-
ing the combination of the ganglion cells, two opinions have especially been
prevalent. Either a direct combination by direct anastomoses is described, and
asserted ... or the existence of such a combination is denied, the latter view is,
strangely enough, maintained by very few writers, and scarcely by any modern

! Nansen's predecessor Olav Scheweland Jensen (1847-1887), a member of a prominent Norwegian
theological family who studied theology before he became a zoologist, also boarded with the
Holdts. They nicknamed him Jacob - Nansen, a different personality, became Esau.
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writer. The former view is ... the most prevalent view amongst histologists, and
has existed from a very early period” (Nansen, 1887 a). Resolving this dilemma
became Nansen'’s goal.

Nansen’s histological techniques
Johann Reil (1759-1813) in 1809 remarked that “Without being prepared, the
brain is too pulpy and fluid and therefore cannot be dissected in continuity”; Reil
soaked the brain in alcohol for several days which resulted in the desired preser-
vation. Further improvements in all facets of histological techniques occurred
during the next decades of the nineteenth century (Bock, 2015).

Nansen introduced his methods of investigation thus:
“If my researches, in several respects, contribute somewhat to advance our
knowledge of the minute structure of the nervous elements, as I hope they will,
and although I, in several respects, have arrived at results very different from
most other writers, I think that must principally be ascribed to my methods of
investigation, and especially to the methods employed for fixing, hardening,
and staining”.

“I have employed fresh isolated preparations, as well as macerations and
sections..... The sections or small pieces are macerated for one or several days,
then stained with ammonia- carmine, picro-carmine or diluted haematoxylin”.

“A splendid fixing, and at the same time hardening, agent is the chromo-
aceto-osmic acid..... which for our purpose affords really excellent results”. He
mentions that he cut the hardened pieces with a microtome but added: “If cut
with a sharp knife, one obtains in this way really brilliant sections”.

Nansen concludes this part of his thesis with a three-page account of the
silver stain:

“Finally, I shall now mention a method whose importance for our future
knowledge of the nervous system can scarcely be overestimated, as it affords
really quite marvellous preparations and far surpasses every method hitherto
known” (Nansen, 1887 b). He went to Pavia in April 1886 to learn how to do it

properly.



Microscopes
There is no mention in Nansen’s thesis of the microscopes he used.

The Zeiss Archive in Jena records that Zeiss microscope no. 5932, an achro-
matic, was delivered to Dr. Hansen in Bergen on 21 February 1882, and no. 10463,
an apochromatic, to Fridtjof Nansen in Bergen on 27 April 1887. Whereas an
apochromatic lens brings to the same point of focus all three primary colours of
light — red, blue and green — an achromatic lens corrects for only red and blue;
moreover, the resolution, ie. the sharpness of several non-adjacent points in
one field, of the apochromatic objective is far superior to that of the achromatic
objective. No. 5932, is now in the collection of Nansen memorabilia at Polhegda,
but the whereabouts of no. 10463 is unknown.

Nansen worked at the Stazione Zoologica near Naples during April, May
and June 1886. Anton Dohrn (1840-1909), the founder of the station, was a close
friend of the physicist Ernest Abbe (1840-1905) who together with the glassmaker
Otto Schott (1851-1935) and the instrument maker Carl Zeiss (1816-1888) in 1884
formed the company that was to become synonymous with fine microscopes.
Dohrn had lots of these instruments which he may have sold to visitors to the
station.’

It is therefore likely that Nansen used Hansen's achromatic microscope
throughout his time at the Bergen Museum and one of the latest Zeiss apochro-
matic instruments while at Naples.

Nansen’s conclusion

On page 146 of his thesis Nansen stated: “If a direct combination is the com-
mon mode of combination between the cells as most authors suppose, direct
anastomoses (connections) between their processes ought, of course, be quite
common. When one has examined so many preparations ... as I have, without
finding one anastomosis of indubitable nature, I think one must be entitled to
say, that direct anastomosis between the processes of the ganglion cells does not
exist, as a rule” (his italics) (Nansen, 1887 c).

2 Zeiss Archives. Corporate Archives, Carl Zeiss AG; letters 19. June and 16. November 2015, and
29. April 2016.



The Neuron Doctrine in 1994

In 1994 Edward Jones (1939-2011), the New Zealand — born Director of the
Department of Anatomy and Neurobiology at the University of California, —
Irvine, published “The neuron doctrine 1891” which was based on lectures he
had given on 12 November 1991 and 8 September 1993. The article includes the
following sentence: “As we look back at the material assembled by Waldeyer, and
especially if we consider along with it the additional contributions made almost
immediately afterwards by those whom he had quoted, we can make a restate-
ment of the neuron doctrine in the following terms: The neuron is the structural
unit, the embryological unit, the functional unit and the trophic unit of the nervous
system” (his italics). Jones continued: “Waldeyer drew heavily on the published
work of such individuals as Cajal, Kolliker, Nansen and Retzius as well as on
work being reported at and discussions occurring at recent scientific meetings”
(Jones, 1994); the references include Nansen’s article “Die Nervenelemente, ibre
Struktur und Verbindung im Centralnervensystem” published in Anatomischer
Anzeiger (Nansen, 1888).

It was only in 1998, however, that it was revealed in “Fridtjof Nansen: from the
neuron to the North Polar Sea’, published in the prestigious journal Endeavour,
that Nansen could claim another first. The authors reviewed the studies on the
histology of the neuron published during the 1880s and found that by the nar-
rowest of margins Nansen was the first person to have challenged the veracity
of the Reticular Theory.

Wilhelm His Sr. (1831-1904), Professor of Anatomy at Leipzig, had reported
that in early human embryos the nervous system consisted of a mass of indi-
vidual cells from which the dendrites and axons later developed, while August
Forel (1848-1931), Professor of Psychiatry at Zurich, using the technique of
retrograde degeneration for studying the connections in the brain, had found
that degeneration to a damaged nerve cell was confined to that cell and did not
spread to adjacent cells which should have happened if all the cells were joined
together; he concluded that a nerve network did not exist.

These three scientists “became the co-founders of the modern view of the
nervous system. Nansen's English translation (sic) appeared in September 1886,
followed by His’s paper on the subject in October and Forel’s in January 1887.
Thus, by a quirk of publication, Nansen had secured technical priority” (Edwards
and Huntford, 1998).



Recognition of Nansen’s work

The 926-page The Human Brain and Spinal Cord by Edwin Clarke (1919-1996) and
Charles O'Malley (1907-1970) was published in 1968 and soon acquired the status
of the standard book of reference in the field (Jacyna, 1997). The only mention of
Nansen in the book occurs in the list of “.. those investigators who do not assume
a reticular connection of the nerve fibres within the central organs (Ramén y
Cajal, Kolliker, His, Nansen, Lenhossek and Retzius )...". This quotation is part
of a long excerpt from Waldeyer’s article of 10 December 1891.

Several books on the history of neuroscience were published during the 1990s
but only one book, Gordon Shepherd ‘s Foundations of the Neuron Doctrine,
devotes space to Nansen. Published in 1991 the book includes the chapter A
Neuron Theory Begins to Take Form: His, Forel, Nansen and ends with a photograph
of Eva and Fridtjof taken soon after Fridtjof’s return from having crossed Green-
land on skis. The last sentence of the chapter reads: “It thus seems undeniable
that he earned his place among the great scientists of his time”.

Stanley Finger’s beautifully illustrated Origins of Neuroscience of 1994 sum-
marizes Nansen's conclusion and adds: “The new ideas of His, Forel and Nansen
had a significant impact”. However, in his later book, Minds behind the Brain. A
History of the pioneers and their discoveries (2000), Nansen’s name is not included
in the index. Marcus Jacobson’s Foundations of Neuroscience of 1995 lists Nansen’s
thesis but only mentions Nansen's ideas on the origin of ectodermal cells and
nerve fibers.

In more recent essays dealing with the history of the neuron Nansen fared no
better. A six-part article “Neurons and Synapses: The History of its Discovery” was
published in Brain and Mind Magazine between April and July 2003. The series
concludes with “V1. To Know More, Biographies” (Sabbatini, 2003). Nansen’s
name is not on the list.

2006
As might be expected many articles were published during 2006 to commemorate
the centenary of the 1906 Nobel Prize for Physiology or Medicine; understand-
ably these essays concentrated on the contributions of Golgi and Cajal.
The accent, however, was mostly on the achievements of Cajal. One example:
“This year sees the centenary of the award of the Nobel Prize for Physiology or
Medicine to Santiago Ramén y Cajal (1852-1934), the great ideologue and driving



force behind this theory (Neuron), for his meritorious work on the structure of
the nervous system”. Notably there is no mention of Golgi in this introduction
although his work and the silver stain are discussed in some detail in the text.
Later in the article the three authors write: “Among the few researchers of the
time who disagreed with (the) reticular theory - both that of Gerlach and Golgi -
were Wilhelm His, Fridtjof Nansen and Auguste Henri Forel” (Lopez-Muioz et
al., 2006).

To revertto 1906
One of the scientists who nominated Golgi and Cajal for the 1906 Nobel prize
was the noted Swedish anatomist Gustaf Retzius (1842-1919) (Nobel medicine
prize database).

Retzius and Nansen were friends. That Retzius held Nansen in high esteem
can be seen in the dedication of volume 5 of his journal Biologische Untersuchen
neue Folge (1893): “Dedicated to my friend Fridtjof Nansen for his daring and
outstanding research in the fields of the central nervous system and the polar
regions of the world".

Despite this Retzius did not nominate Nansen for the physiology or medicine
prize nor mention him when he gave his Croonian lecture - “The principles of the
minute structure of the nervous system as revealed by recent investigations” —
to the Royal Society of London on 14 May 1908.

Even more thought provoking is why, in a 2007 biography of Retzius, is there
no mention of his friendship with Nansen nor is Nansen included amongst his
“international contacts”? (Lindblad, 2007).

Question
Finally one might ask: when will modern day historians of neuroscience
acknowledge that 25 year old Fridtjof Nansen was the first to doubt the veracity
of the Reticular Theory and to point the way to the Neuron Doctrine?
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FRIDTJOF NANSEN

and brain research

at the end of the 19th century
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Fridtjof Nansen had a relatively short but intense and fascinating career

in studies of the nervous system. In 1882, at the age of 21, he was appointed
to the position of Conservator at Bergen Museum. At that time, his qualifications
consisted of an undergraduate degree from the University of Oslo, and 3 months
experience of seal-hunting. Once in Bergen, he soon began his studies on the
microscopic structure of the nervous system. Over a five year period, he complet-
ed first two shorter and later one more extensive paper concerning the nervous
systems of lower animals, the latter being his Doctoral thesis. He defended his
thesis in 1888, took himself over Greenland on skis immediately afterwards, and
was never again personally involved in nervous system research.

In the following, I shall discuss different aspects of Nansen's contribution to
brain research. First, I shall attempt to evaluate his scientific work in this field
and to what extent this contributed to the later development of brain research.
Secondly, I will discuss aspects of his writings which give an insight into his
scientific personality, or characteristics as a scientist during this period.

In order to place Nansen's contribution in perspective, we must first exami-
ne the view of the architecture and function of the nervous system prevalent
in the 1880’s. First, I will mention a few central points in our current views
on brain structure. This has resolved some of the problems which were in the
forefront in the 1880’s. My presentation will by necessity be somewhat frag-
mentary, emphasising only those points relevant to the questions approached
by Nansen.



The nervous system consists of nerve cells and different types of supporting
cells. Signal transmission and integration is the mam function of the nervous
system and only the nerve cells are directly involved. It is the characteristics of
these cells which form the main part of Nansen's thesis. Nerve cells, or neurons,
consist of a cell body and a number of long processes. Figure 1 shows an illustra-
tion of a multi polar nerve cell in the cerebellum, magnified ea. 200 times, from
Camillo Golgi’s 1906 Nobel Lecture. Golgi himself plays an important role in
the rest of this story.

Figure 1
A multipolar nerve cell in the cerebellum, magnified ea. 200 times and stained
with Golgi ‘s method. Taken from Golgi‘s Nobel Lecture in 1906.

We can see the nerve cell body and the widely distributed system of processes.
These processes are of two kinds, both stucturally and functionally. The one
type is now normally called the axon, and there is only one of these for each
cell, but the axon often gives rise to many terminal branches. The other type of
process is called dendrites, and there are usually several from each cell. Today
it is established that the cell processes conduct neural signals, and are therefore
essential for the function of the nervous system. Functionally, the axons and
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dendrites differ in that dendrites receive signals from other cells, and carry these
signals to the cell body, whilst axons conduct nerve impulses from the cell body
to the terminal branches of the axon.

The majority of nerve cells have several processes directly from the cell body
— they are multi polar. Others have only one process - these are unipolar. We
see such a nerve cell from a leech (x400) in Figure 2, a preparation from my own
institute. The cell has been injected with a stain which diffuses down each process.
Unipolar nerve cells are uncommon in vertebrates, but are dominant in the ner-
vous systems of invertebrates. They form the main basis for Nansen's thesis, and,
as we shall see, played a special role in the discussion one hundred years ago.

Figure 2
A unipolar cell frrom a leech, magnified ca. 400 times.

The terminal branches of the axons establish contacts with other nerve cells
— either with their dendrites or with their cell bodies. In Figure 3, we see an
illustration of this from another key person in this story, Ramon y Cajal. The
figure (from Cajal, 1954) illustrates a nerve cell (B) in the cerebellum, whose axon
forms synaptic connections with a series of other nerve cells (A).

Here, he shows how a nerve cell with dendrites and one axon diverges and
makes contact with a number of other nerve cells. These contact points are
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Figure 3

Nervece/1 (B) in the cerebellum whose axon forms spnaptic connections
with a series of other nerve cells (A). Taken from Caja/, 1954.

called synapses. They convey the signals from the axon to the next cell in the
pathway. The function of these contact points is now known in detail, and the
characteristics of synapses are central in our view of how the nervous system
functions. We now know that there is- no direct contact or cytoplasmic conti-
niuty between axon terminals and dendrites at the synapse. On the contrary,
there is a significant distance or “cleft”, ea. 20 nm, such that the in- and out-put
elements at the contact point are isolated from each other. Signal transfer is
accomplished by the nerve impulse in the axon bringing about the secretion
of a special substance — a transmitter substance - from the axon terminal. The
transmitter substance diffuses over the synaptic cleft, and acts on the dendrite or
cell body of the postsynaptic cell. None of this was known in Nansen-s time. The
actual dimensions are of interest for our assessment of the central problems at
that time. A synaptic cleft of 20 nm is about 10 times smaller than the resolution
of a perfect light microscope. As we shall see, the limited resolving power fuelled
the discussions from the 1880’s and halfway into the present century.

First we must briefly consider the developments up to Nansen’s time. The
crucial requirement for an adequate concept of the brain was a reasonable
knowledge of the structure of the nervous system. However, the actual
constituents, nerve cells and their processes, have dimensions between 1/100
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and 1/1000 mm, hence good microscopes were needed. In addition, fresh brain
has the consistency of and is about as unmanageable as porridge unless it is
hardened and fixed. Finally, brain tissue has very little contrast when observed
with the ordinary light microscope. In order to make the cells visible it was
necessary to stain the tissue. These were major technical problems, and their
solution dominated the developments in the latter half of the last century. Results
were heavily dependent on the optical quality of microscopes, methods for har-
dening and fixing the material, the ability to cut the tissue in thin slices, and the
development of staining techniques. As we shall see, Nansen was very concious
of and showed great insight into all these technical problems.

At the start of the nineteenth century, microscopes were too crude to give
enough detail. Some colleagues published descriptions and pictures of fibres or
tubes in neural tissue, but the nerve cells themselves were not discovered. The
development of the achromatic microscope improved the resolution and made it
possible for the Czeckoslovakian anatomist Purkinje to publish the first pictures
of nerve cells at the end of the 1830’s (Figure 4: from Purkinje, 1837). Purkinje
fixed the material with alcohol, and cut the brain in thin slices with an early
model of the microtome. The cells are undoubtedly nerve cells, but with little
detail and the visible processes were few and short.

Soon afterwards, Hermann Ludwig Ferdinand von Helmholtz presented a thesis
on the structure of the nervous system. He fixed the material in wine, and was able
to see peripheral nerve fibres often originating from the nerve cells. But despite
Helmholtz's clear statement, the certainty required for general acceptance was
lacking. There were continuous arguments for opposing interpretations, and
the debate on the origin of nerve fibres continued unabated right up until the
1880’s. The leading neuroanatomist during the 1860-70’s. Rudolf Albert von
Kolliker, was, as always, cautious and stated in his text-book: “Auf der andern
Seite muss ich jedoch, gesti.itzt auf vielfache Untersuchung des menschlichen
Hirns behaupten, dass es hochstwahrscheinlich an sehr vielen Orten ganzlich
unmoglich sein wird, Faserurspri.inge von Nervenzellen nachzuweisen.” It was
difficult to escape from. the traditional view of nerve fibres as separate entities,
and not even the academic tone can hide his mistake.

The picture should have been clear after Deiter’s contribution in the middle of
the 1860’s. Using osmium fixation, serial sections and other technical improve-



Figure 4

Nerve cells from brain and spinal cord. From Purkinje, 1837.

ments, he was able to produce much better preparations of nerve cells. Figure 5
shows his drawing of a ventral horn motor cell (Dieter, 1865). This now begins
tolook like the real structure. He clearly saw the differences between axons and
dendrites and was quite sure that nerve cells gave rise to nerve fibres. Deiter un-
fortunately died before publication of his work, and for some uncomprehensible
reason his work was ignored for 20 years. He also left open the question of the
nature of connections between celles.

Through the 1880’s various silver stains improved visualization of neurons,
and neuroanatomy flourished. Camillo Golgi was the dominating neuroscientist
and his staining methods established Deiter’s description. A host of details and
types of neurons were discovered, and Golgi’s contribution established the nor-
mal shape of nerve cells with one axonal and several dendritic processes. At the
same time, the central questions concerning function were made more acute.
The essence of nervous system function was the transfer of signals from one
cell to another. But what kind of contacts were there between cells, and which
of the several processes were responsible? Golgi insisted that the protoplasmic

_3()_



!

Figure 5
Ventral motor horn cell of the spinal cord. From Deiters, 1865.
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processes, the dendrites, were exclusively concerned with cell nourishment.
Connections between cells came about via a fine lattice of axonal terminals.
This lattice was variously called the neuropil, nerve net, or reticulum. A major
point for Golgi was that axonal endings from different cells established direct,
continuous connections with each other in the reticulum. Golgi was thus the
most outspoken proponent for the “reticular theory” for nervous connections.

The alternative point of view was put forward by August Fore! in 1887,
the same year that Nansen'’s thesis is entered in the annual report of Bergen
Museum. Forel employed Golgi's staining methods, but was not able to see the
continuous connections between the finest nerve endings. This gave rise to the
concept of nerve cells as separate isolated units, which was in agreement with
the current views on embryonic development of nerve cells. Soon after, Cajal
began his systematic arguments for the same point of view, and the concept
soon became formalised in the form of the “Neuron doctrine”. This states that
nerve cells are structural, functional and developmental units within the nervous
system. If anything, this remains the central dogma in our view of the nervous
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system. The debate between proponents of the Reticular theory and the Neuron
doctrine was, however, heated, and in today’s terms verging on the libellous
during the first 20 years. The conflict reached its most dramatic point with the
Nobel Prize awards in 1906. Golgi and Cajal won the prize for medicine. They
delivered their Nobel Lectures as spokesmen for the two opposing viewpoints.
Cajal was on the whole right, and by 1906 the arguments for the Neuron doctrine
were overwhelming. The irony was that Cajal, like Forel earlier, employed Golgi's
methods and Golgi’s own observations in his arguments against Golgi's point of
view. About 20 years later, Cajal, in his last book “Neuron Theory or Reticular
Theory”, commented on his opponent thus: “What an eloquent testimony to the
state of passion a great mind can reach when it is dominated by its theoretical
prejudices and by the delusion of its own infallibility”” This gives us some idea
as to the intensity of the debate at that time.

We can now return to Nansen and the 1880°s. The Neuron doctrine remains
unformulated. The general level of understanding of brain function can probably
best be likened to the situation in astronomy before Kopernicus, and the problem
for researchers was similar to accounting for radio communication or perhaps a
modern computer, without the knowledge of the basic laws of electronics. This
was the situation for specialists in the area. Nansen began in Bergen in 1882
without a supporting milieu, and without any background excepting his own
intellect and a first class microscope which, interestingly, was a gift from his
father. Within five years, he had authored a thesis “The structure and combina-
tion of the histological elements of the central nervous system.”

This work consists of 185 pages and 113 figures which show nervous material
and nerve cells of a quality equal to the best which had been produced at that
time. The title already shows that this is a contribution right in the centre of the
contemporary debate, and it points to the problems which were, and to some
extent still are, central to the understanding of brain function. There is no false
modesty, and he does not distract us by saying that he has only studied mussels,
worms, and to some extent the lowest vertebrates. The level of ambition is high.
It is a question of contributing to the principles of the connectivity of the central
nervous system in general.

To what extent does the author succeed? The contents page gives us an idea of
the material he is dealing with. We shall return later to the historical overview
of 70 pages, and the 10 pages of more technical descriptions. The first results to
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be handled relate to the structure of the nerve tubes, or axons. The quality of
the illustrations is superb for the time.

Nansen describes the surrounding membrane or “the neurilemma” as made
up of supporting cells or glia. The content consists of fine tubes, made of the
so-called spongioplasm. In Nansen’s eyes, these contained the genuine nervous
substance, the hyaloplasm. Today, this description appears rather misleading.
However, it does not form a major part of the thesis, and the explanation for
the misconception obvious. Light-microscopy could not possibly have provided
a resolution sufficient to interpret the details in the picture. It required the de-
velopment of the electron microscope seventy years later to study the relevant
structures adequately.

The next chapter deals with nerve cell bodies and their processes. In the in-
vertebrates, most neurons are unipolar. In the ganglia of snails, he finds some
cells with short, socalled protoplasmic processes or dendrites. Nansen also exa-
mined primitive vertebrates. Here he found for the first time the characteristic
multipolar cells known also in the higher vertebrates.

Nansen's description is exemplary. Each nerve cell always has one and only
one axon, and in addition a varying number of dendrites. In this respect he con-
firms Deiter’s description which was far from generally accepted in the 1880's.
However, in his further interpretations he makes his one serious mistake. He
consistently argues that the dendrites have no signal-carrying function, and
that they rather have a “trophic function”, concerned with the nourishment of
the nerve cells. In this respect he is in the prominent company of Camillo Golgi.

The third chapter deals with “the dotted substance”, or neuropil. Here is Nan-
sen’s fundamental contribution. It could have played an important role for the
further development of the topic. Nansen correctly saw that the dotted substance
was areas where the finest processes of the nerve cells came into contact with
each other and where the transfer of signals might take place. He realized that
the usual reticular picture was the result of cross-sections of the finest so-called
“primitive fibrils”, and he claims, in fact with more force than was justified, that
the nerve terminals come into contact with each other without actually fusing
into each other. This is in full agreement with Forel. His work was published in
the same year, and Nansen had no knowledge of it. Nansen could therefore with
equal justification be seen as one of the founders of the Neuron doctrine. In my
opinion, this is his fundamental contribution to brain research.
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Figure 6

Nerve cells as illustrated by Wagner (1854) showing anastomosis.

The next chapter is rather like a small discussion and deals with the nervous
system of amphioxus and the hag-fish. Here Nansen puts forward what has
commonly been considered as his main contribution. In the thesis, we see his
picture of sensory nerve fibres reaching the spinal cord and then splitting into
ascending and descending branches. Nansen uses this observation in connection
with a problem which was then highly controversial, whether sensory fibres had
central cell bodies. Nansen observed and correctly argued that they did not, and
that the dorsal ganglion cells were the sensory fibres'so-called trophic centre.
The actual observation of the fibres dividing, for which Nansen is still cited in
the modern literature, he considered more as a detail.

The two final chapters are relatively short and contain Nansen’s views on
more general questions. The first deals sensibly enough with how the simplest
nervous functions, the reflexes, are mediated. Let us look first at some of the
proposals already put forward. Rudolf Wagner's reflex arc from the 1850’s is
shown in Figure 6, with a direct continuation from the sensory nerve fibres to
the ventral horn motor cells.

Gerlac, an influential neuroscientist through the 1870’s into the beginning
of the 1880’s, still believed that the connections were established through direct
continuity between the finest branches in the reticulum (see Figure 7).
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Figure 7
Gerlach s (1872) illustrations of continuity between nerve cells in the neuropil.

Variations of this point of view held out well into the 1890's. Figure 8 is a
reproduction from Landois and Stirling’s textbook from 189 1. A sensory fibre
has direct contact with the motor neuron, which in turn sends another branch
to a muscle, and other branches to other motor neurons. The Reticular theory
was still dominant, with direct protoplasmic continuity between the cells.

Nansen's synthesis of his own observations are reproduced in Figure 9. He
was not misled by the fact that in unipolar cells the signal in the sensory nerve
must go to the cell body, and therefore necessarily backwards and forwards in
the same process. So the “irritation”, as Nansen says, is led directly out in the
main branches of the sensory fibres. There they come into contact with bran-
ches from a motor cell, which transfers the signal to the muscle itself. This is
a perfect description of a reflex arc in the ganglia of invertebrates, and is put
forward by Nansen before there is anything like an adequate description of a
reflex arc in any other preparation. For me, this is a unique contribution, and
it is surprising that it has raised so little attention. In passing, we may note
Nansen's misconception of the trophic function ascribed to the dendrites. Most
invertebrates'neurons lack these processes, and Nansen has stipled them in his
figure probably to give, for him, a more complete picture. In fact the picture
would have been much better without them.

The rest of Nansen's deliberations in his closing comments are less con-
crete, and we shall return to them later. First, we should ask to what extent
his views influenced the later developments in the field. His contribution
was recognized by Cajal. In his major work “Histologie de systéme nerveux”,
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Figure 8
Reflex connections in the spinal cord as illustrated by Landois and Stirling, 1891.
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Figure 9
Nansen'’s diagram of the reflex arc showing the direction of the signals.
SN = sensory nerve fibre. MN = motor nerve fibre.

he refers to Nansen’s description of the bifurcating dorsal root fibres. This
observation is still mentioned in more historically-orientated texts a centu-
ry after its publication. However, as I mentioned earlier, this is more of a
detail as Nansen himself saw it, and I have not found, even from Norwegian
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authors, any appreciation of Nansen's important conceptual contribution
and his place as one of the discoverers of the Neuron doctrine.

There are several reasons why Nansens’s contribution has not received the
recognition it deserves in the history of neuroscience. An important one is
probably that he worked predominantly with invertebrates. Early neurobiology
was in many ways dominated by the medical profession and its focus on human
neurology. Until recently it has been difficult to get neurologists interested in
invertebrates.

A second factor is the time of publication. Nansen’s thesis was published just
ahead of Fore!’s, before the controversy over the Neuron doctrine was focused.
Nansen'’s approach is in many ways different, and it is understandable that his
work was overlooked in the sharp debate and the brilliant contributions from
Cajal’s side into the 1890's. Furthermore, the thesis was a single contribution
from Nansen’s side. It would be relatively unique for a single publication to be
taken notice of, despite the originality and controversy of the content. It is likely
that Nansen would have been seen in a different light had he continued in the
area, and elaborated his views in further publications.

Let us at this point ask how Nansen'’s contribution was evaluated by his con-
temporary colleagues. It is difficult to get a clear impression after such a long
time. There was later a great interest in and publicity about Nansen on account
of his other activities. After the voyage of the Fram in 1897, a biography of Nan-
sen was published by W. C. Brngger and Nordahl Rolfsen. It included a chapter
by the well-known Swedish anatomist Gustav Retzius on Nansen's contribution
to brain research. Retzius was one of the influential researchers of that time,
and today he is seen as one who was active at an early stage on the right side
in the conflict over the Neuron doctrine. In addition, Retzius had considerable
sympathy for Nansen. Several letters have survived between Nansen and Retzius
which show the greatest mutual respect between these two men. For this reason,
Retzius’ chapter on Nansen was a surprise to me. As I read it, Retzius in 1897
had no appreciation of Nansen’s fundamental contribution to brain research.
He patronizingly says that Nansen has produced some interesting results in
a controversial area. At the same time, he himself could not share Nansen'’s
interpretation.

Nansen was also refered to in Golgi’s Nobel lecture in 1906. The reference,
however, is not to any particular work or statement, rather to Nansen personally
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as a colleague whose opinion carried some weight. The point of view which
Nansen was alleged to support was of the neuropil as a continuous nerve net, a
point of view which was both wrong and directly in conflict with Nansen’s expli-
cit statements in his thesis. Fellow protagonists can often be a greater detriment
to the reputation of a scientist than his antagonists.

Lastly, let us consider how his writings illustrate Nansen's scientific profile
or personality. Contrary to normal practice, we shall begin with some trivial
points, and later go on to the more significant aspects. The author is uncommon-
ly sure of himself and self-confident. After his extensive 70 page long review
of the literature and contemporary viewpoints, he writes: “If we compare the
statements of the various authors with the results of my investigation, it will be
seen that in most respects, and these are also the principle ones, I can scarcely
agree with any of them.”

Nansen is equally outspoken in his comments to Virchow and others who
doubted or denied the existence of unipolar nerve cells. The problem was to see
how such unipolar cells could function in signal transmission. The nerve impulse
would have to go back and forth along the same process. Nansen comments:
“This is in my opinion a quite logic conclusion if we suppose that the common
view of the nature of the ganglion cells is correct. When now, however, uni-
polar ganglion cells actually exist, can that easily be supposed to be the fault of
the ganglion cells? Or is there not a possibility that our view of the nature of
the ganglion cells is incorrect? We cannot change the reality according to our
ideas, but we can change our ideas according to the reality, some people can, at
all events.” In another comment on the same problem, Nansen writes: “What it
is necessary to find to support our theories is very often too easily seen.” This
is clearly a message addressed to Rudolf Virchow and other giants of the time.

The author’s receptivity and industriousness is very apparent in the the-
sis. The illustrations are superb. Mostly they are sketched directly on the plate
through a camera lucida. Even with limited experience with such techniques,
it is easy to see how time-consuming it must have been. In addition, the thesis
contains some 380 references, which are treated with authority. However clever
one is, it is a quite a task to go into such a large and controversial field. A large
proportion of the papers is both voluminous and cloudy.

This brings us to another characteristic feature of Nansen’s writings on the
nervous system - his ability to focus on the significant problems in the account.



This is clear already in the methods chapter. Here he acknowledges that the
treatment of the tissue has vital consequences for the results obtained. His
description reveals the required sense for detail to explain his superb results. In
the end, he becomes almost prophetic when he writes: “I shall now mention a
method whose importance for our future knowledge of the nervous system can
scarcely be overestimated, as it affords really quite marvellous preparations and
surpasses every method hitherto known.” A truly fitting introduction to Golgi’s
silver staining method. There lay the basis for the Neuron doctrine, gave rise to
two Nobel prizes, and is still in use today. Nansen was one of the first outside
Golgi’s group who saw its possibilities. After some vain attempts in Bergen,
Nansen travelled to Pavia to learn the method from its inventor himself.

Despite the clear signs of the author’s self-confidence, diligence and sense
for technical procedures, it is first and foremost the high level of ambition, the
inclination to generalise which characterise the thesis. One difficulty which
pervaded the discussions at that time was that of the possibility of major dif-
ferences between nerve cells of different animal species. If a particular point
was demonstrated in one species, there was always the question of whether it
applied also to other species, and particularly to humans. Nansen cut through
this and argued, repeatedly, that his observations applied to nerve cells in
general. In many ways, this point of view has been adopted in some of the best
later contributions to neuroscience. Once a mechanism has been demonstrated
in some favourable preparation, it has again and again turned out to be valid
across the entire animal kingdom.

Nansen discloses his interest in the major problems in the final chapter, which
includes some more general comments. After arguing for his view of the reflex
arc, which I already have mentioned, he continues by saying that his theory
will necessarily give a new picture of brain function. “The dotted substance”, he
writes, “must be a principal seat of the nervous activity.” Through this, signals
are carried to conciousness, which might itself be located in “the dotted substan-
ce”. From this he argues that there can be localization within the brain, but not
isolation, and this can possibly explain how other parts of the brain can take over
the function of an injured area. Today we could expand on these questions with
greater detail and perhaps more precise concepts, but we could hardly improve
on Nansen’s general statement.
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In his further deliberations, Nansen asks whether nerve cell bodies have any
function in addition to being the cell’s trophic centre. He writes, “It is not impos-
sible that they may be the seat of memory. A small part of each irritation produ-
cing a reflex action may on its way through the dotted substance be absorbed by
some branches of the nervous processes of the ganglion cells, and can possibly in
one way or another be stored up in the latter."Again, this is a surprisingly modern
point of view, and variations of this are still relevant. Nansen's further dicussion
of the functional significance of the neuropil is equally to the point. He argues.
“If the theory is correct, then, the dotted substance must be the principal seat of
the nervous activity, and the higher an animal is mentally developed - the more
complicated and extensive must we expect to find its dotted substance: this is in
the fullest harmony with the facts alreay known.” He continues: “In other words
we may conclude that the more the intelligence of an animal is developed - the
more intricate becomes the web or plaiting of nerve-tubes and fibrillae in its
dotted substance.” Unfortunately he goes on to say that dendrites are not worth
mentioning in this respect, and, as we have seen, this mistake put Nansen's
contribution outside the mainstream of further developments.

What about Nansen's own evaluation of his contribution to neurology? I have
not been able to find any direct statements on this. But despite the fact that he
personally never became involved in this field again, it is clear that he maintai-
ned his interest. In a letter to Gustav Retzius in 1891, Nansen thanks Retzius
for the first volume of his “Biologisches Untersuchung”, and writes: “These are
really wonderful results you have achieved, and I therefore must salute you with
great admiration, at the same time as it warms me to see how many of my own
results are confirmed in such an excellent manner.” Further, Nansen comments
on a number of details i n Retzius’ account, and comments on the significance
of point substance and the lack of direct anastomosis between cell processes. To
conclude he writes: “Ilook forward to the continuation of your work with great
expectancy, and you should know that I am burning with the desire to come back
to the microscope and have a go at the nervous system, and particularly to try
your new technique, which is really phenomenal””

This was never to happen, and that is the main reason why his contribution
to neurology has largely been forgotten, or at least overshadowed by his other
activities. At any event, however, Nansen must have had great satisfaction from



his work on the nervous system, a satisfaction which Francis Crick formulated
in conection with his own work: “The important thing is to be there when the
picture is painted.”

Translated by R. Murison, Institute of Physiological Pspchology, University of Bergen.
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Facsimile of the original publication
im Anatomischer Anzeiger, 3, 157-169, 1888

FRIDTJOF NANSEN
1888

Aufsitze,

Die Nervenelemente, ihre Struktur und Verbindung im Central-
nervensystem.

Von Frrorior Nawsen, Konservator des zoologischen Museume in Bergen.

Vor kurzem habe ich eine grifere Arbeit iiber die Nervenelemente
vollendet ') und werde hier eine kurze Ubersicht von den wichtigsten
Resultaten meiner Untersuchungen geben. Um Resultate von so ge-
meingiiltiger Natur wie méglich zu erhalten, habe ich Représentanten
von sehr verschiedenen Tiergruppen gewihlt. Die Nervenelemente
folgender Tiere wurden untersucht: Mollusken (Patella vulgata), Poly-
chaten (Nereis, Nephtys, Leanira), Oligochiten (Lumbricus agricola),
Myzostomen (M. cirriferum, M. glabrum, M. giganteum, M. gigas, M.
carpenteri, M. graffi), Crustaceen (Homarus vulgaris, Nephrops norve-
gicus, und mehrere Amphipoden), Ascidien (Arten von Phallusia,
Corella, Ciona, Cynthia).

Von Vertebraten habe ich bis jetzt nur die niedrigsten Arten,
Amphioxus und Myxine, in dieser Beziehung etwas eingehend unter-
sucht, meine Untersuchungen iber die Nervenelemente der héheren
Vertebraten sind noch nicht vollendet.

In allen wesentlichen Beziehungen, die Struktur und Verbindung
betreffend, habe ich die schonste Ubereinstimmung im Nervensystem
der verschiedenen Tiere gefunden; die hier gegebenen Resultate sind
daram wahrscheinlich fiir das ganze Tierreich (die niedrigsten Tier-
klassen vielleicht ausgenommen) giltig.

Die Struktur der Nerventuben.

Die Nervenfasern (oder, wie ich sie nenne, Nerventuben) bestehen
aus einer AuBeren festen, von einer besondern Substanz gebildeten
Scheide und einem weicherem Inhalt. Dieser Inhalt besteht nicht aus

1) Friorsor Nansex, ,The Structure and Combination of the Histo-

logical Elements of the Central Nervous System. Bergens Museums Aars-
beretning for 1886, Bergen 1887,
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Primitivfibrillen und Iuterfibrillirsubstanz, wie friher angenommen
wurde, sondern aus feinen Rohrchen, aus einer Stiitzsubstanz (die
Leypic Spongioplasma nennt!), in welcher die wirkliche Nerven-
substanz, eine hyaline, halbfliissige Materie (Hyaloplasma), einge-
schlossen ist. Diese Rohrchen, aus welchem der Inhalt der Nerven-
tuben zusammengesetzt ist, nenne ich Primitivrohrchen. Das,
was frithere Verfasser als Primitivfibrillen beschrieben haben, sind
eigentlich nur die spongioplasmatischen Winde dieser Rihrchen ge-
wesen; diese Winde kinnen in optischen oder wirklichen Léngs-
schnitten den lebhaftesten Eindruck von Fibrillen machen; untersucht
man aber gut fixierte und gefirbte Querschnitte von Nerventuben, dann
wird man in ihrem Inhalt keine Spuren von durchschnittenen Fibrillen
finden, wohl aber ein Netz wvon runden Maschen. Dieses Netz wird
von den durchschnittenen Winden der Primitivrobrchen dargestellt.

In der Mitte der Nerventuben einiger Tiere (z. B. Homarus)
kommt bisweilen eine Konzentration gegen eine Axe vor. Diese Konzen-
tration besteht hauptsdchlich darin, dal die Winde der Primitiv-
vohrchen dicker, stirker lichtbrechend und tiefer von Reagentien ge-
farbt sind; gleichzeitig wird der Diameter der Primitivréhrchen kleiner.

Vor einigen Tagen ist Dr. Roupge’s soeben erschienene Arbeit iber
das Nervensystem der Polychiten*) mir in die Hinde gekommen.

1) In seiner Arbeit ,Zelle und Gewebe* (Bonn 1885) hat Lexnic
sich fir die Auffassung erklirt, dall sich in dem Inhalt der Nervenfasern
ein  Maschenwerk von einer Sliitzsubstanz (Spongioplasma) ausbreitet.
»Die Haupt- und Lingsziige des Maschenwerkes rufen die Abgrenzung in
JFibrillen* hervor, aber zwischendurch zieht ein zartes Schwammgefiige,
in dessen Riiumen die homogene, eigentliche Nervensubstanz enthalten
ist.*  Ich habe mich frither iiber diese neue Auffassung Levpie's ausge-
sprochen (siehe auch meine oben citierte Arbeit), mit welcher ich in
mehreren wichtigen Beziehungen iibereinstimme, ich will darum meine
Worte hier nicht wiederholen. Seiner Auffassung von der Struktur des
Spongioplasmas kann ich nicht beipflichten, trotzdem habe ich aus Pietit
seinen Namen Spongioplasma beibehalten, weil ich nicht gern einen
einmal gegebenen Namen ohne dringende Notwendigkeit i#ndere. Die
Auffas:ung Lrypie's vom Bau der Nervenfasern scheint micht viel Anklang
gefunden zu haben, es scheint beinahe, als ob spitere Verfasser sie igno-
rieren wollen, z B. Rawirz (Jen. Zeitschr. Bd. 20, 1887) und Rompe
{siehe unten); daB diese Autoren die letzte grifere Arbeit ihres hervor-
ragenden Landsmanns nicht kennen sollten, scheint beinahe undenkbar;
aullerdem erwihnt Rompe Levpie’s Arbeit in anderer Verbindung mit eini-
gen Worten.

2) Dr. E. RoupE, Zool. Beitrige, A. ScaxemEr, Breslau 1887, Bd. 11,
H. 1, p. 1—81.



Aus dieser Arbeit sehe ich, daf Ronnk zu ganz anderen Resultaten
wie ich in betreft des Baues der Nerven bei Polychdten gekommen
ist. Meiner Meinung pach bat Roupr den wirklichen Bau der Nerven
gar nicht erkannt; er sagt, dab in den Nerven der Polychiten keine
wirklichen Nervenfasern, sondern nur Fibrillen vorkommen, und als
Fibrillen hat er, wie ich glaube, die Scheiden der Nervenfasern oder
Nerventuben beschrieben; wer einen lingsgeschnittenen Polychiten-
nerv gesehen hat, wird leicht verstehen, dalf eine derartige Ver-
wechselung nicht fern liegt!'). Bemerkenswert ist, dal Ronpe selbst
sagt: ,Zwar ziehen .... die Fibrillen picht immer streng parallel,
sondern kreuzen und durchflechten sich vielfach.* Dal die lingsge-
schnittenen Nerven ein derartiges Bild liefern, riihrt eben daher, dab
die rohrenartig gestalteten Scheiden nicht immer streng lings, sondern
auch schriig geschnitten werden, und dann laufen die scheinbaren
Fibrillen zusammen,

Die Beschreibung, welche Dr. Ronne von der Struktur des In-
halts der riesigen Nervenfasern der Polychiaten liefert, ist meiner
Meinung nach aonch falsch. Der Inhalt der Nervenfasern fiillt nim-
lich iiberall, soweit ich geschen habe, den ganzen Raum innerhalb der
Scheiden aus, und die grofien Hohlriume, die Rompe zeichnet und
beschreibt, sind nur, aller Wahrscheinlichkeit nach, durch ungiinstige
Priparationsmethoden hervorgerufen, durch welche der Inhalt stark ge-
schrumpft ist, was sehr leicht geschieht®). Von seinen Zeichnungen
erhalte ich auch den bestimmten Eindruck, daB dies der Fall ge-
wesen ist.

Die Struktur der Ganglienzellen.

Die Ganglienzellen werden normal von einer Hiille oder Scheide
umschlossen. Diese Scheide besteht aus derselben Substanz wie die
Scheide der Nervenfaser, es ist eine dem Bindegewebe dhnliche Sub-
stanz, die als ein Stiitzgewebe zwischen Ganglienzellen und durch

1) Rompe (L. ¢. p. 54) sagt von Harnier, was ich von ihm gesagt
habe, nimlich: ,,Aus Harier's Beschreibung (Morphel. Jahrb. Bd. XII,
1887) geht klar hervor, dali er sich iiber den Bau der Nerven bei den
Chiitopoden gar nicht klar geworden ist. Meiner Meinung nach
haben weder Harrer noch Ronne den wirklichen Bau der Nervenfasern und
der zentralen Punktsubstanz (siehe davon spiiter) erkannt.

2) In viner vorliufizen Mitteilung hat bereits Ronpi: diese Hohlriume
beschrieben. Schon durch Lesen dieser Mitteilung ohne Zeichnungen be-
kam ich den Eindruck, dub es nur Kunstprodukte seien. Siehe meine oben
ausgefiihrte Arbeit p. 136.



das ganze Nervensystem hindurch ausgebreitet ist. Ich habe diese
Substanz mit dem Namen Neurogliasubstanz bezeichnet, da es
meiner Meinung nach dieselbe Substanz ist, welche die Neuroglia der
Wirbeltiere bildet *).

Das Protoplasma der Ganglienzellen besteht nicht aus Fibrillen
und Interfibrillirsubstanz, auch nicht aus einen Maschenwerk, das in
einer hyalinen Grundsubstanz ausgebreitet ist, sondern zum wesent-
lichen Teile aus Primitivrohrchen, die den bei den Nervenfasern be-
schriebenen ganz dhnlich sind *). Von diesen Primitivrohrchen werden
die Fortsitze der Ganglienzellen gebildet, besonders bestehen die
nervosen Fortsitze nur aus solchen Primitivréhrchen. AuBer den Sub-
stanzen Hyaloplasma und Spongioplasma, aus welchen die Primitiv-
rohrchen bestehen, enthalten die Ganglienzellen noch eine dritte Sub-
stanz, die ich nicht nidher bestimmen konnte. Diese Substanz ist es,
welche verursacht, dal das Protoplasma der Ganglienzellen von Rea-
gentien sehr oft auffallend dunkel gefirbt wird; besonders haben
Osmiumsdure und Himatoxylin eine starke derartige Wirkung. In
vielen kleineren oder griBeren, oft scharf begrenzten Teilen des Proto-
plasmas (besonders nahe am Rande der Zelle) kann diese Substanz, wie
es scheint, ganz fehlen, und diese Teile treten in Priaparaten durch
ihre helle Fiarbung sehr stark gegen die iibrigen dunkeln Teile hervor.
Ein solcher Bau des Protoplasmas ist besonders in vielen grolen
Ganglienzellen des Hummers sehr auffallend, auch in den Ganglien-
zellen der Chitopoden kann er ziemlich hervortretend sein *). Dr. EmiL

1) Aus meinen Untersuchungen geht, wie ich glaube, deutlich her-
vor, daB diese Neuroglia, wie die Ganglienzellen, vom Ektoderm
ausgeht. Was ich Neurogliasubstanz nenne, wird von Dr. E. Ronpe (von
seiner Arbeit siche auch spiiter) ,,SBubcuticularfasergewebe® ge-
nannt., Romnpe meint wie ich, dal dieses Gewebe vom Ektoderm oder
wie er es nennt, von Subcuticularzellen ausgeht. Bemerkenswert ist, daB
nach Rompe die Ausliufer der ,Subcuticularzellen” (Ektodermzellen) im
Gehirn wie im Bauchmark mehrerer Polychiten den Raum, in welchem
das Centralnervensysiem liegt, durchsetzen, in etwa dhnlicher Weise, wie
die Fortsiitze der Epithelzellen des Centralkanals das Riickenmark von
Amphioxus und Myxine nach meinen Beobachtungen durchsetzen.
Dafi diese Epithelzellen des Centralkanals und die ,,Subcuticularzellen
Rompe's homolog sind, halte ich gar nicht fiir unwahrscheinlich.

2) SticLing hat schon vor 30 Jahren die Auffassung ausgesprochen,
duBb das Protoplasma der Ganglienzellen von Réhrchen, , Elementarréhr-
chen", gebildet wird. (Siehe B. Srizrive, ,Uber den feineren Bau der
Nervenprimitivfaser und der Nervenzelle®. Frankf a. M. 1856, und der-
selbe, Comptes rendus, Paris 1855. N.20 und 21.)

3) Fiemmiwe hat, wie bekannt, etwa iihnliche Gebilde in Zellen ver-



Ronpe hat auch') diesen Bau des Protoplasmas bemerkt, er giebt
ihm indessen eine ganz andere Deutung, als ich es hier gethan habe.
Er meint nimlich, in Ubereinstimmung mit FLeEmming, daB im Proto-
plasma zwei verschiedene Substanzen auftreten, eine dunkle, kornig-
fibrillire Substanz, Mitom, und eine helle, homogene Substanz, Para-
mitom (Interfilarmasse). In einigen Ganglienzellen kommt pun seiner
Meinung nach beinahe nur Mitom vor, wihrend in anderen nur
Paramitom auftritt, in einigen oder den meisten Zellen kommen
aber beide Substanzen vor, und dann ist das Paramitom vorzugsweise
in hellen, homogenen Inselchen eingeschlossen. Diese Inselchen liegen
meist am Rande der Zellen, und sind vom Mitom umgeben?). Die
Nervenfortsiitze der Ganglienzellen sind ,,weitaus in den meisten
Fallen** fast ausschliefliche Fortsetzungen des Mitoms; ,doch bis-

schiedener Art beschrieben (Zellsubstanz, Kern und Zellteilung. Leipzig
1882). Ich kann trotzdem nicht diese Gebilde Fremmine's fiir identisch
mit den von mir hier beschriebenen halten, jedenfalls kénnen die hellen
Partieen meiner Meinung nach nicht von einer fliissigen oder halbfliissi-
gen Interfilarsubstanz (Paraplasma), wie FLEmMMING es nennt, ge-
bildet werden, dazu habcn sie eine zu auffallende Ahunlichkeit mit dem
Inbalt der Nervenfortsitze und Nervenfasern; in Querschnitten zeigen
sie auch ein ganz idholiches, dichtes Netz wie Querschnitte von Nerven-
fasern, welches Netz wahrscheinlich von durchschnittenen Primitivréhr-
chen gebildet wird. Zwar hat Fremmine ein dhnliches Netz in der Inter-
filarmasse von den mit Osmiumsiure behandelten Spirogyrafiden be-
obachtet, ohne dieses Netz fiir etwas anderes als ein Gerinnungsprodulkt
zu halten. Freumrxc’s Beweis dafiir finde ich doch aber nicht ganz ent-
scheidend, denn die Wege der tanzenden Kbrnchen konnten ja auch da-
durch erklirt werden, dall die Kérnchen sich in gekriimmten Rohrchen
(Primitivrohrechen) bewegten. Wie es sich auch damit verhilt, so kann
in unseren Ganglienzellln von Gerinnungsprodukten wohl schwerlich die
Rede sein, denn die Primitivrihrchen habe ich sowohl quer- wie lings-
durchschnitten beobachtet. AuBerdem habe ich noch zu bemerken, daB
ich mehrmals Teile des Inhalts der Nervenfortsitze in direkter Verbin-
dung mit kleinen hellen Partieen beobachtet habe.

1) Op. dt.

2) Von hohem Interesse ist Roupg’s Beschreibung von der Begren-
zung dieser Inselchen des Paramitoms. FEr sagt niimlich, daB bei Aphro-
dite ,die Inseln oft von deutlich zu unterscheidenden dunklen Fasern
allseitig umgeben werden. Diese gehen nun in dem Falle, wo der Ner-
venfortsatz in den hellen Inseln seinen Ursprung nimmt, stets direkt in
die aus Subcuticularfasern gebildete Scheide des Fortsatzes iiber.* Wenn
dieses mit meiner Beschreibung von Fasern in den Ganglienzellen des
Hummers in der oben citierten Arbeit (p. 103—104 u. 106) verglichen
wird, dapn ist die Ubereinstimmung dieser zu derselben Zeit gegebenen
Beschreibungen ganz auffallend.



weilen geht der Nervenfortsatz auch nur aus den bellen Inseln des
Paramitoms hervor.*  Diese Deutung Ronpe’s der beobachteten Verhalt-
nisse muss, wic ich glaube, schon a priori sehr willkiirlich und nur wenig
wahrscheinlich erscheinen, denn als Resultat davon ergiebt sich ja,
daf Ganglienzellen wie Fortsiitze bald von einer Substanz (homogenen),
bald von einer anderen (kdrnig-fibrilliren), bald von einem Gemisch von
beiden gebildet werden konnen. Doch ich will hier auf eine Disskusion
dieser sonst sehr wichtigen Fragen nicht eingehen. Durch eine Verglei-
chung von Rompg’s Arbeit mit der meinigen werden die vielen Haupt-
punkte, in welchen wir nicht einig sind, sofort ins Auge treten; es
wird sich hoftentlich aber auch ergeben, in wie vielen interessanten
Punkten seine Beobachtungen mit den meinigen in schonster Weise
iibereinstimmen.

Was den Bau und Ursprung der Nervenfortsitze ') betrifft, so
habe ich gefunden, daf sie in der Hauptsache immer dieselbe Zusam-
mensetzung haben. sie bestehen ndmlich aus Primitivréhrchen,
wihrend der Modus ihres Ursprungs etwas verschieden sein kann, In
den meisten Ganglienzellen wird der Inbalt des Fortsatzes durch eine
allmiihliche Konvergenz der Primitivrohrchen vom ganzen Protoplasma
gegen die Stelle, wo der Fortsatz die Zelle verlilt, gebildet, in anderen
(ianglienzellen dagegen wird der Inhalt des Nervenfortsatzes im Inneren
des Protoplasmas gebildet und geht von hier eine lingerc oder
kiirzere Strecke als eine scharf begrenzte, oft von dunklen Fasern
umgebene Masse von Primitivréhrchen in den Fortsatz hinein; bis-
weilen entsteht der Inhalt des Nervenfortsatzes auch durch eine Ver-
cinigung oder ein ZusammenflieBen von Biindeln von Primitivréhr-
chen, welche Biindel das Protoplasma lingere oder kiirzere Strecken
durchlaufen. Die zwei letzten Modi des Ursprungs des Nervenfort-
satzes habe ich hesonders bei dem Hummer beobachtet.

Bevor ich das Protoplasma der Ganglienzellen verlasse, will ich
doch auf ein, wie ich glaube, sehr interessantes Verhiltnis in ihrer
Struktur aufmerksam machen. In den Ganglienzellen des Hummers
habe ich niamlich ein Netzwerk von spongioplasmatischen Fasern ge-
funden, und diese Fasern haben sogar das Aussehen, als ob sie von
den Neurogliascheiden ausgehen kénnten, da sie mit diesen so innig
verbunden sind, dal es ganz unmoglich ist, zu sagen, wo die einen
aufhéren und die andern beginnen. Ein solches Netzwerk ist in den
groBen Ganglienzellen sehr oft stark hervortretend, besonders treten

1) Den Unterschied gwischen Nervenfortsiitzen und protoplasma-
tischen Fortsidtzen siehe spiter.



hier oft sehr dicke und ins Auge fallende Fasern in den peripleren
Partieen des Protoplasmas auf. Wenn diesc Fasern und dieses oft
sehr komplizierte Netzwerk wirklich ein Gebilde der Neurogliascheiden
sein sollten, so haben wir also hier ein fremdes Gewebe oder Substanz,
die in das Protoplasma der Ganglienzellen eingedrungen sein wiirde.
Diese Aunahme finde ich aber noch so gewagt'), dal ich vorliufig
dabei stehen bleibe, dal diese Fasern von dem Spongioplasma des
Protoplasmas der Ganglienzellen gebildet sein kénnen, und daB sic nur
mit den Scheiden verwachsen sind; diese Verwachsung ist aber eine
so innige, daB der Ubergang oft absolut nicht zu sehen ist. In Gang-
lienzellen von anderen Tieren, besonders Chitopoden, habe ich
ahnliche von den Scheiden ausgehende Fasern gefunden; sie waren aber
pie so hervortretend und bildeten kein solches kompliziertes Netzwerk,
wic beim Hummer (und Nephrops).

Zu bemerken ist, daf auch Roupk (op. cit.), wie es scheint, ihn-
liche Fasern oder Fibrillen in den Ganglienzellen der Polychaten
heohachtet hat. Rompe scheint sie zum Teil als Nervenfibrillen, die
vielleicht in Subcuticularfasern #) iibergehen (!), auffassen zu wollen
(cf. op. cit. p. 28 u. 69—70), einige sind aber nach seiner Auffassung
vielleicht Subcuticularfasern, die in die Ganglienzellen eintreten und
da blind endigen. Dal diese I'asern keine , Nerventibrillen® sein kin-
nen, glaube ich, muB aus meinen Untersuchungen klar hervorgehen @)

Die Fortsidtze der Ganglienzellen.

Die Fortsitze der Ganglienzellen kinnen in zwei Arten cingeteilt
werden , nimlich: Nervenfortsitze und protoplasmatische
Fortsiatze. Wenn die Ganglienzelle unipolar ist, bei Invertebraten
die gewdhnlichste Form, dann ist der Fortsatz ein Nervenfortsatz,
Alle Ganglienzellen haben einen Nervenfortsatz, keine Ganglienzelle
hat in der Regel mehr als einen Nervenfortsatz. Hier milssen jedoch

1) Wir haben ja zwar Frirsca’s Beobachtungen von Blutgefiben und
Bindegewebe im Protoplasma von Ganglienzellen (siche Arch. f. mikr,
Anat. Bd. 27, p. 13—31, ferner ,Elektrische Fische, Leipzig 1887);
diese Beobachtungen stehen aber noch so versinzelt da, dal, so inter-
essant sie auch sind, ich doch nicht glaube, daB man ihnen allgemein-
giltige Bedeutung beilegen darf. Sie haben ja auch nur wenig Ahnlich-
keit mit meinen Beobachtungen.

2) Subeuticularfasern ist dasselbe, was ich Neuroglia-
fasern nenne (siehe oben),

3) Dr. Roupe hat schon frither in einer vorliufigen Mitteilung dieser
Fasern erwiihnt, siehe meine oben citierte Arbeit, p. 114, Aom.



einige Spinalganglienzellen und andere ausgenommen werden, bei denen
zwei Nervenfortsitze vorhanden sind; diese zwei Fortsitze sind dem
einen Fortsatz anderer Zellen gleichzustellen.

Haben die Ganglienzellen mehrere Fortsitze, was besonders bei
den Wirbeltieren der Fall ist, dann sind die anderen Fortsitze proto-
plasmatische. Die Funktion dieser letzteren ist nicht die, eine Verbindung
zwischen den Ganglienzellen herzustellen, sondern sie ist nuotritiver
Natur; sie enden in der Regel entweder in der Nihe von Blutgefifen
(bei hoheren Wirbeltieren) oder an der Oberfliche des Centralnerven-
systems. Das letzte Verhiltnis habe ich besonders im Riickenmark
von Myxine und Amphioxus, wo keine Blutgefifie vorhanden sind,
sehr ausgepriigt gefunden. Im Centralnervensystem wirbelloser Tiere
(z. B. Ascidien, Mollusken) habe ich ofters beobachtet, dal in den
dubersten Schichten beinahe nur unipolare Ganglienzellen auftreten,
wihrend in den inneren Schichten bi- oder sogar multipolare Gang-
lienzellen hiufig auftreten konnen'); die protoplasmatischen Fortsitze
dieser Zellen halten leinahe immer eine peripherische Rich-
tung. Dieses fiir die Funktion der protoplasmatischen Fortsitze sehr
interessante Verhiiltnis erklire ich mir einfach so: die in den fduBeren
Schichten belegenen Ganglienzellen haben keine protoplasmatischen
Fortsiitze nitig, um ihre Nahrung zu erhalten, da sie an der Quelle
liegen; die in den inneren Schichten belegenen Ganglienzellen miissen
aber zum Teil solche Fortsiitze gegen die Nahrungsquelle ausschicken,
um sich hinliingliche Nahrung zu holen.

Eine direkte Verbindung zwischen den Ganglien-
zellen durch Anastomosender Fortsitze existiertnicht;
wenn Briicken zwischen benachbarten Zellen in einzelnen auBerordent-
lich seltenen Fallen beobachtet werden, sind diese auf Zellteilungen
zu heziehen.

Nach ihrem Verlaufe kiomnen die Nervenfortsitze in zwel ver-
schiedene Arten geteilt werden, niamlich:

1) Nervenfortsiitze, die nur feine Seitenaste abgeben, und deren
Hauptbestandteil direkt zur Bildung voun einer Nervenfaser iibergeht;

2) Nervenfortsitze , die sich durch Teilung ganz in feine Aste
auflosen.

1) DaB die multipolaren Ganglienzellen vorzugsweise entfernter von
der Oberfliche der Ganglien liegen als die unipolaren Zellen, haben sonst
schon friilhers Beobachter erwihnt, sie haben aber zum Teil diesem Ver-
hiltnis eine, wic ich meine, ganz unhaltbare Deutung gegeben, indem
sic die multipolaren Zellen als Sammelzellen ete. aufgefafit haben.
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Nach dem Verlaufe ihrer Nervenfortsiitze konnen sodann die Gang-
lienzellen in zwei Arten geschieden werden.

Die Struktur der Punktsubstanz.

Die Punktsubstanz der Invertebraten besteht nicht, wie friiher
angenommen wurde, aus ,Nervenfibrillen* und Interfibrillirsubstanz,
sie besteht auch nicht aus einem Netzwerk anastomosierender Nerven-
fibrillen mit einer dazwischen eingelagerten hyalinen Substanz (wie
HavrLer, Rawrrz u. A. meinen). Levoic hat die wirklichen Verhilt-
nisse am richtigsten erkannt, wenn er in seiner ofters citierten Arbeit:
wZelle und Gewebe* sagt, dab die wirkliche Nervensubstanz der Punkt-
substanz von der hyalinen, halbfliissigen Masse, Hyaloplasma,
gebildet wird, wihrend die feste Substanz, die Nervenfibrillen friiherer
Verfasser, nur Stiitzsubstanz, Spongioplasma, ist. Levpic hat aber
die Struktur und Ausbreitung dieser beiden Substanzen ganz anders als
ich aufgefaft. Die Punktsubstanz wird meiner Meinung nach von Tuben
oder Rihrchen (Nerventuben und Primitivréhrchen) zusammengesetzt.
Diese Rihrchen werden vom Spongioplasma eingeschlossen und ihr
Inhalt ist das halbfliissige Hyaloplasma. Sie sind in einer mehr oder
minder komplizierten Weise durcheinander geflochten, anastomosieren
aber nicht, um Maschen zu bilden; die Maschen, die in der Litteratur
gewohnlich beschrieben werden, sind nur die durchschnittenen spongio-
plasmatischen Winde dieser Primitivréhrehen, sie kinunen in optischem
oder wirklichem Querschnitt eine tiuschende Almlichkeit mit Maschen
haben.

Als Untersuchungsobjekt, um den wirklichen Bau der Punktsub-
stanz leicht erkennen zu kinnen, kann ich das Bauchmark des Hum-
mers oder besonders das Bauchmark der DPolychiiten (z. B. Nereis)
empfehlen. Bei den Polychiten sind besonders die Verhiiltnisse sehr
einfach, indem die meisten Riéhrchen zum Teil parallel durch die
Lange des Bauchmarks laufen. In Querschnitten sieht man hier ein
deutliches Netz mit runden Maschen von diesen Rihrchen, wihrend
Lingsschnitte die lingsgeschnittenen Réhrchen zeigen.

Die Beschreibung Ronpe’s (op. cit.) von der Punktsubstanz der
Polychiten verstehe ich nicht, Bilder mit Punkten von durchschnittenen,
nicht anastomosierenden Nervenfibrillen etc., wie er sie beschreibt, sind
mir nicht vor die Augen gekommen, es sei denn in nicht guten Pri-
paraten, wo der Inhalt der Riohrchen koaguliert war. Im iibrigen ver-
weise ich auf meine obige Erwihnung von Roupe's Beschreibung.
Dal Roupe die Scheiden der Nerventuben nicht gesehen hat, wundert
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mich, da sie besonders in der Punktsubstanz des Bauchmarks der
Poly{:hateu oft stark in die Augen fallen (cf. meine Zeichnungen, loc.
cit. Fig. 10 u. 14).

Ursprung der Nervenfasern.

Die peripheren Nerventuben oder Fasern haben bei Vertebraten
wie Invertebraten zwei Ursprungsweisen im Centralnervensystem.

1. Direkter Ursprung von Ganglienzellen. Die Nervenfasern von
diesem Typus sind direkte Fortsetzungen derjenigen Nervenfortsiitze,
von welchen Seitenidste zu dem centralen Fibrillengewebe oder besser
Réhrchengewebe (Punktsubstanz der Invertebraten) abgegeben werden.
Da die vorderen Nervenwurzeln der Vertebraten aller Wahrscheinlichkeit
nach nur Nervenfasern mit solcher Ursprungsweise enthalten, wie schon
Gorar gezeigt hat, so scheint es erlaubt, anzunehmen, daB Nerven-
fasern von diesem Typus motorisch oder centrifugal sind.

2. Ursprung von dem centralen Rohrchengewebe (,Fibrillennetz*).
Die Nervenfasern von diesem Typus entspringen nicht von Ganglien-
zellen im Centralnervensystem, sondern sie entstehen durch Vereinigung
von feinen Rohrchen oder Fibrillen, in dem centralen Rihrchengewebe
(Punktsubstanz der Invertebraten). Da die hinteren Nervenwurzeln
im Riickenmark der Vertebraten nur Nervenfasern mit dieser Ur-
sprungsweise enthalten, wie ich besonders im Riickenmarke der Myxine
konstatieren konnte, halte ich es, mit Govei, fiir erlaubt, anzunehmen,
dall Nervenfasern von diesem Typus sensitiv oder centripetal
sind.

Die Zusammensetzung des Reflexbogens und die
Funktion der Ganglienzellen.

Die alte Auffassung von der Zusammensetzung des Reflexbogens
wie von der physiologischen Bedeutung der Ganglienzellen ist nicht
haltbar, da die Ganglienzellen, wie oben erwihnt, nicht in direkter
Verbindung miteinander, stehen, und da sie im Centralnervensystem
auch nicht in direkter Verbindung mit den sensitiven oder centripe-
talen Nervenfasern stehen.

Der Reflexbogen besteht aus der sensitiven oder centripetalen
Nervenfaser, dem zentralen Rohrchengewebe (, Fibrillennetz, Punkt-
substanz bei den Invertebraten) und der (oder den) motorischen oder
centrifugalen Nervenfaser (oder Nervenfasern). Durch das centrale
Riihrchengewebe oder Fibrillenflechtwerk wird im Centralnervensystem
die Irritation ciner centripetalen Nervenfaser direkt von dieser in eine
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oder mehrere centrifugale Nervenfasern (durch die von diesen abge-
gebenen feinen Seitendste), ohne Ganglienzellen zu passieren,
geleitet. Dieselbe Irritation wird auch durch das centrale Fibrillen-
flechtwerk in die nach den hoheren Nervencentren gehenden Nerven-
fasern (durch die von diesen abgegebenen Seiteniiste), ohne Ganglien-
zellen zu passieren, geleitet, und wird also auch den hiheren Nerven-
centren mitgeteilt, ohne direkten EinfluB der Ganglienzellen der niedrigen
Nervencentren.

Weiter miissen wir auch annehmen, daf die von den hoheren
Nervencentren kommenden willkiirlichen Impulse durch das centrale
Fibrillenflechtwerk von den diese Impulse leitenden Nervenfasern direkt
in die centrifugalen (motorischen) Nervenfasern der niedrigen Nerven-
centren (ohne die Ganglienzellen dieser Centren zu passieren) geleitet
werden.

So sind wir denn zu dem Resultat geckommen, dal jedenfalls die
wichtigsten Teile der Nerventhiitigkeit, nimlich Reflexbewegungen und
willkiirliche Handlungen, ohne direkten Einfluf der Ganglienzellen der
niedrigen Nervencentren vor sich gehen. Ist dies aber erst der Fall
mit einigen Ganglienzellen, so ist wohl Grund, anzunehmen, dal cs
der Fall mit allen Ganglienzellen ist, jedenfalls solange wir nicht kon-
statieren kinnen, dal cin anatomischer Unterschied vorhanden ist.
Demzufolge miissen wir also annehmen, dall es das centrale Fibrillen-
flechtwerk ist, welches von grofter direkter Bedeutung fiir die Ner-
venthiitigkeit ist; es ist wabrscheinlich der eigentliche Hauptsitz der
Seele, und Selbstbewubtsein, Intellekt etc. sind vielleicht zum wesent-
lichsten Teil daran gekniipft.

Welche Funktion haben aber dann die Ganglienzellen? Die wich-
tigste Funktion der Ganglienzellen ist eine nutritive, sie sind nim-
lich die nutritiven Centra der Nervenfasern und Réhrchen (,,Fibrillen*),
die von ihren Nervenfortsiitzen entspringen. Durch die Ganglienzellen
und ihre protoplasmatischen Ausliufer (wenn solche vorhanden sind)
wird Nahrung aufgenommen und assimiliert, von den Ganglienzellen
geht die assimilierte Nahrung weiter durch die Nervenfortsiitze in die
Nervenfasern und Rihrchen hinaus. Wie oben gesagt, bestehen die
Nervenfasern wie die Nervenfortsitze von Primitivrohrchen mit halb-
fliissigem Inhalt, Hyaloplasma. Ich finde es hochst wahrscheiulich,
daB in diesem halbflissigen Inhalt der Primitivrohrchen lebhafte Stro-
mungen zu und von den Ganglienzellen laufen ; wahrscheinlich ist es dann
wohl auch, daf mit diesen Stromungen Nahrung gefiihrt werden kann.

Ob die Ganglienzellen auch andere Funktionen (z. B. Erinnerung)
haben kinnen, ist zur Zeit nicht leicht zu entscheiden.
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Eine schon von der komparativen Nervenhistologie der Inverte-
braten bekannte Thatsache, welche die oben entwickelten Theorien zu
stiitzen scheint, ist die, daB, je hioher die Intelligenz eines Tieres ent-
wickelt ist, desto komplizierter der Bau der Punktsubstanz ist. Auf
der anderen Seite wird es oft gesehen, dal intelligente Tiere Gang-
lienzellen von duBerst einfacher Form und Bau haben (z. B. Bienen,
Ameisen), wihrend Tiere mit nur geringer geistiger Entwickelung sehr
komplizierte Ganglienzellen haben konnen (z. B. die niedrigsten Ver-
tebraten).

Zum Schluf sei es mir gestattet, die Aufmerksamkeit auf die
hoch interessante, soeben erschienene Arbeit iiber das Gehirn der Te -
leostier von Dr. Romeo Fusari') zu lenken. Durch diese Arbeit
ist ein wichtiger Schritt weiter in der neuen Richtung der Nerven-
untersuchung gemacht, welche durch Prof. Gorar's epochemachende
Arbeiten eingeschlagen ist. Fusar's Beobachtungen im Gehirn der
Knochentische, den Verlauf der Fortsitze der Ganglienzel-
len und den Ursprung der Nervenfasern betreffend, stimmten
mit den meinigen im Riickenmark von Amphioxus und Myxine so
vollstindig itberein, daf ich auf seine Abhandlung verweisen will. Ich
will bemerken, daf ich durch Untersuchung einiger von Dr. Fusarr's
Priiparaten zum Teil die Gelegenheit gehabt habe, mich von der Rich-
tigkeit seiner interessanten Beobachtungen mit eigenen Augen zu iiber-
zeugen. -

Bemerkenswert ist auch die Ubereinstimmung betreffend den Ver-
lauf der Fortsitze zwischen den von Fusarr beschriebenen Epithel-
zellen auf der inneren Fliche des Opticusdaches der Knochenfische ?)
und den Epithelzellen des Centralkanals im Riickenmark von My -
xine und Amphioxus (siche meine citierte Arbeit p. 151 u. 161).
Auch Fusari hat ,die innigen Beziehungen zwischen den Epithelial-

1) Dr. Romko Fusarr, Untersuchungen iiber die feinere Anatomie des
Gehirns der Teleostier. Internat, Monatschr, fiir Anat. u. Phys, Bd. IV,
p. 275—300, 1887.

2) Ahnliche Epithelialzellen, die mit ihren Fortsitzen das ganze
Stratum nervosum bis an die #HuBere Bindegewebsschicht durchlaufen,
habe ich auch selbst durch Chromsilberfirbung im Opticusdach von
Enochenfischen (Gadus morrhua, Gadus vireus) beobachtet.

Fusaw1 hat auch im Riickenmark der Fische die Fortsiitze der Epi-
thelialzellen des Centralkanals die ganze Nervensubstanz bis an die Peri-
pherie durchlaufend beobachtet,
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und Neurogliazellen* angedeutet. Im Riickenmark wvon Awmphioxus
wird, wie ich gezeigt habe, die Neuroglia beinahe nur von Epithelzellen
gebildet, und ich halte es sodann, wie auch Gorer und Fusanri ver-
muten, fiir unzweifelhaft, daf die Epithelzellen des Centralkanals und
die Neurogliazellen denselben Ursprung, das Ektoderm, haben.

Eine andere Beobachtung Fusarr's, die Neuroglia betreffend,
stimmt auch sehr schon mit den meinigen iiberein. Fusari!) sagt
namlich von dem von der Neuroglia gebildeten Stiitznetz, dal es bis-
weilen in der Nachbarschaft der Nervenzellen dichter und sogar kom-
pakt wird, dergestalt, dal es eine Art von Hiille oder Kapsel bildet,
welche sich nicht selten auf die grollen Protoplasmafortsiitze fortsetzt.
Dieses stimmt vollstiindig mit meinen Beobachtungen, besonders bei
Invertebraten, iiberein; ich habe es sogar als Regel hingestellt, dald
die Scheiden der Ganglienzellen wie der Nervenfasern von der Neuro-
glia gebildet werden (siehe oben).
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Introduction,

I. History.

The progressive history of our knowledge of the histology of
the nervous system is treated of so often, and so well, by previous
writers that it certainly, to some extent, entails a repetition of their
words to refer to it again.

Still, it is a tradition to look back upon the works and
merits of our predecessors before passing to our own work, and
I do not think it right, to break with the custom, but will,
however, confine myself as much as possible to mentioning the most
-important writers of modern times on this subject, and for earlier
literature on the subject refer my readers to the many sketches
given by previous writers.') As it is especially the nervous system
of the evertebrates which is about to be treated of here, I will restrict
myself, principally, to the literature on that subject, all the more,
as in a separate memoir on the nervous system of Myxine glutinosa
I hope to obtain an opportunity of referring to the literature in re-
spect of the histology of the vertebrafe nervous system more circum-
stantially.

') The literature on the nerveus system of the everfebrates is very circum-
stantially treated of by Vignal. His reports are, however, not in every point quite
correct. Very good reviews of the literature are given 1882 by Freud, 1879 by
Hans Schultze, 1875 by Hermann and 1872 by Solbrig.  Of course, a greal many
other writers have also mentioned the previous literature more or less circum-
stantially. The previous literature on the histology of the nervous system of the
vertebrates is referred to in Prof. Golgis last work on this subject. Hans Schultze
has given a very good review of the literature so far as it concerns the fibrillous
structure of the nervous elements. Besides this there is in Kuhnt's paper a very
complete review of the literature up to his time.
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a} The structure of the nsrve-tubes.!)

The structure of the nerve-tubes: whether it is fibrillous or
non-fibrillous, has been very much disputed, and to this day |the
point must be considered as an open question. Since the valuable
and important works of REMAK, there have, certainly, always been
plenty of writers to defend the fibrillous structure. Amongst these
may be named HANNOVER,?) WILL, LEBERT and ROBIN, WALTER,
WALDEVER, LEYDIG (only to a certain extent), BoLL, FLEMMING,
HERMANN, DIETL, HANS SCHULTZE, FREUD, VIGNAL etc. Especially
have HERMANN, HANS SCHULTZE and FREUD expressed themselves
very emphatically and distinctly in favour of the fibrillous structure.
According to their view the contents of the nerve-tubes consist in
» Primitivfibrillen« suspended or swimming in an homogeneous semi-
fluid »Interfibrillirsubstanze.

At the same time, however, there have also been others who
described and asserted a semi-fluid (fest-weiche) contents, and a
homogeneous structure of the nerve-tubes in the fresh live state
(or, also, a granulous structure). Amongst those are HELMHOLTZ,Y)
HECKEL,*) FAIVRE,*) OWSJANNIKOW,®) BUCHHOLZ, LEMOINE, SOL-

") I prefer the designation nerve-tube to that of nerve-fibre, because I think
it more characteristic.

?) Hannover states, that the nervous tubes of the Mollusca are longitudinally
striated, whilst those of Asfacus have a granular, nebulous substance in a mem
branous sheath.

) Helmholtz described the nervous tubes as szarthintige Cylinder mit fliissi-
gen Inhalte.

1) According to Hackel the nervous fibres (»Primitivrihre) have the form of
tubes. »Die Wand der Primitivréhre oder die Nervenprimitivscheide ist an den
feinern Cylindern einfach, an den stirkeren doppelt, immer aber sharf und dunkel
contourirt, so dass sie sehr deuthlich aus dem umhiillenden matten Bindegewebe
hervorschimmert.e  sDie Inhalt der Nervenprimitivrohre ist wie schon Helmholtz
erkannte eine dicke Flissigkeit, welche. .. . frish.... vollkommen homogen, wasser-
klar, und leicht glinzend erscheint.e Hackel has, however, also found Remak's
scentrale Faserbiindele and agrees with him, that it might be possible that such a
one occurs in all nervous tubes.

%) According to Faivre the contents of the nervous tubes are granulons. »Une
tube de Sangsue se compose de deux parties: l'enveloppe et le contenu. L'enve-
loppe est anhiste, sans structure appréciable, sans noyaux, — le contenu des tu-
bes est formé par une substance finement granuleuse et d'une consistance molle,
meme 4 D'état frais.e Under high powers of magnification this substance is seen to
consist of very minute granules sagglutinés par une sorte de substance intermediaire
amarphes,

) Owsjannikow supposes the fibrillous appearance of the tubes to be a
postmortem product, and he does not believe, that sles tuyauxe described by Stilling
{in the nervous fibres of vertebrates) really exist in living nervous fibres.
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LRIG,") YUNG, KRIEGER, and lately such an eminent authority as
LEVDIG. In his work »Zelle und Gewebee (Bonn 1885) this veteran
histologist appears to have changed his view of the structure of the
nervous elements, at all events to some extent.?) HANS SCHULTZE,
HERMANN and those other defenders of the fibrillous structure are,
he says, altogether wrong. »Bei Aulocostomum gewdéhren unter
Anwendung der gewdhnlichen Linsen die Nervenfasern den Ein-
druck einer kiirnig streifigen Materie.  Die jetzt moglichen Ver-
grisserungen lassen aber finden, dass das »Streifige« von Langs-
ziigen eines schwammigen Geriistes herruhrt und das »Kornige« auf
die Knotenpunkte eines feineren Zwischennctzes zu deuten ist.  Die
Haupt- und Langszige des Maschenwerkesrufen die Abgrenzung in
sFibrillen«%) hervor, aber zwischendurch zieht ein zartes Schwam-
gefiige, in dessen Raumen die homogene, eigentliche Nervensubstanz
enthalten ist.«

HANS SCHULTZE's »Primitivfibrillene are, consequently, according
to LEYDIG, only parts of, or longitudinal fibres in, a, usually, rather
spongy supporting substance which he calls ,spongioplasm®, whilst
SCHULTZE's »Interfibrillirsubstanze, according to LEVDIG, is the real
nervous substance, diffused in the cavities of the spongioplasmatic
reticulation; he calls it ,hyaloplasm®.

I think this is enough to show that the discussion which has,
now, for 40—30 years been going on, regarding the fibrillous or non-
fibrillous structure of the nerve-tubes is not yet finished.

1} Buchholz describes the cellprocesses and mervous fibres as ribands of a
homogeneons substance without any sheath; they are to be considered as »nackle
Axencylindere. — Solbrig's description is very like that of Buchholz: »Allen Ner-
venfasern der von mir untersuchten Gasteropoden fehlt eine »Schwann'sche Scheides,
und sie ercheinen als hiillenlose Axenfasern mit scharl begrenztem Rande.s . . .
sDie Nervenfasern der Mollusken bestehen aus einer festweichen, elastischen, ho-
mogenen Masse von schwach glinzendem Aussehen, die in all ihren Eigenschaften
mit jener eiweisartigen grundsubstanz, ans der sich die Ganglienzellen aufbauen,
ibereinstimmt.« . . . . sDurch die Annahme der Nichtexistenz einer Schwann’schen
Scheide muss natiiclich auch die dltere Ansicht, dass der Inhalt der Nevenfasern
aus einer flissigen Masse bestehe, fallen. Denn eine fliissige Substanz ohne um-
hilllende Membran ist geradezn undenkbar.s The perve-fibres have also according
to Solbrig a flat form (=die Form von Bindern oder wenigtens von plattgedriickten
Cylinderns.)

) This work I have already mentioned on an earlier occasions, vide: Bidrag
til Myzostomernes Anat. og Hist. p. 32.

') Hermanno's and H. Schultze's »Fibrillens.
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b) The structure of the ganglion csils.

Regarding the structure of the ganglion cells there has been
the same disagreement.

A great many writers describe a fibrillous structure, whilst other
stick to a homogeneous protoplasm,

Amongst the adherents of a fibrillous structure REMAK comes,
also here, first. He describes a concentric striation in the proto-
plasm occasioned by granular fibres circulating round the nucleus.
These fibres do not, however, enter into the processes.

WILL and especially WALTER have also described a fibrillous
structure.  LEYDIG has in Gasteropodes described a concentric fibril-
lous structure of the protoplasm of the ganglion cells and a stria-
tion of the processes (1805, vide: list of literature. Taf. XIX fig. 3,
Ganglienkugeln des Unterhirns von Heliz hortensis).

Further, SCHWALBE can also be named as an adherent of the
fibrillous structure.

BucHHOLZ supposes the protoplasm of the ganglion cells to
consist of two substances, of which the one can, by squeezing,
casily be exuded in form of hyaline pearls.

This hyaline »Grundsubstanze, »in welcher gleichmissig suspen-
dirt ein anderer, in Form feiner Piinktchen erscheinender Kirper er-
scheint«, is »in allen ihren physikalischen und chemischen Eigen-
schaften auf das Vollkommenste ibereinstimmend mit derjenigen,
welche die Zellenfortsatze bildet, sowie auch ... mit derjenigen,
welche fibrillir angeordnet den Inhalt der peripherischen Nerven-
stimme bildet.« 1)

') It is really astonishing that so conscientions a writer, as Hans Schultze
seems to be, can so seriously misunderstand another author, as he has done, when
he says that Buchholz describes »an der Ganglienzellen zwei Substanzen, von denen
die eine leicht durch Druck in Form hyaline Tropfen auspresbar, die zuriick-
bleibende, kérnige Masse aber durchaus gleichwerthig der fibrillir geordneten In-
haltsmasse der Nervenstimme erschien« As will be scen, that is quite the con-
trary of what Buchholz, has really, said. That and similar misunderstandings
regarding Buchholz seem, also, to have descended to other writers. In the quite
recently published paper by Rawitz we find a similar confusion, This writer com-
pares +Buchholz's hyaline Grundsubstanzes with the reticular substance described
by himself; a mistake which certainly ought to have been very difficult if Rawitz had
looked a little more carefully at the description of sder in feinen Piinktchen er-
scheinenden Substanz...in der hyalinen Grundmasse gleichmiissig vertheilte given
by Buchholz in his excellent paper (p.252). In reference to the report of Buchholz's
paper given by Vignal, there is, indeed, little else to say, than that it is thoroughly
misleading.
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BoLL (1869) says: =Die Ganglienzellen der Mollusken bestehen
ebenso wie bei den Wirbelthieren aus zahlreichen in den verschie-
densten Richtungen verliufenden iusserst feinen Fibrillen und aus
kirniger interfibrillzerer Substanz. Eine besondere Membran fehlt«
(. c. 1869 p. 19). :Die Nervenfasern, die Fortsatze der Ganglien-
zelle gehen stets aus der Substanz derselben hervor in der Art, dass
die Fibrillen an den Abgangsstellen der Fortsitze eine bestimmte
parallele Richtung annehmen und sich zu mehr oder minder feinen
Strangen zusammenlegend von dem Zellenkorper abtreten.«

DETL (1877) describes a concentric striation of the cell-proto-
plasm, in preparations treated with osmic acid. This striation he sup-
poses, however, also to exist in the live-state. The striation circulates
round the nucleus and can always be traced directly into the pro-
cesses of the ganglion cells. In the brain of Tethys fimbria he des-
cribes ganglion cells containing a peculiar » protoplasmatisches Balken-
netz, das die Verbindung des Zelllkorpers und des Fortsatzes ver-
mittelte (. c. 1878 p. 524).

CADIAT (1878) does not, exactly, tell whether he supposes the
ganglion cells of the Crustaceans to have a fibrillar structure in the
live-state; their protoplasm is, however, in his opinion, quite identical
with the contents of the nerve-tubes, and in the latter he has
occasionally observed fibrille. He further states that, on application
of nitric acid he has seen a striation in the nerve-tubes and »la meme
striation se voit sur les cellules et leurs prolongements immédiats.«

The author who has most distinctly declared himself for a
fibrillar structure, and who, in my opinion, has made the closest and
most convincing investigations on this subject is HANS SCHULTZE
(1879). He has defined the point in debate, and has concentrated
his investigations upon it, but neither has he been quite successful.

According to the result of his investigations, the protoplasm
in the ganglion cells, as well as in their processes and the nerve-
tubes, consists of »Primitiviibrillens and sInterfibrillar-Substanz«;
everyone of the fibrille is surrounded by interfibrillar substance,
they must, consequently, in a manner, swim in it. If that,
however, is correct, why then has Schultze, as well as everyone
else, succeeded so badly in isolating these freely swimming fibrille?
why can we only obtain a sort of isolation of them in the ex-
tremities of teased processes or tubes, and not in the cell-protoplasm
itself?

To this question Schultze has given no reply, nor has any-
body else, so far as I know.
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FREUD's description (1881) of the structure of the cell-processes
is very similar to that of H. ScHULTZE. The cell-protoplasm has
however, accordlng to his opinion, another structure, it consists of a
reticular substance and a homogeneous one. He says |. c. 1881 p. 31:
»Die Nervenzellen im Gehirn und in der Bauchganglienkette bestehen
aus zwel Substanzen von denen die eine, netzformig  angeordnete,
sich in die Fibrillen der Nervenfasern, die andere, homogene in die
Zwischensubstanz derselben fortsetzt. «

KOESTLER (1883) describes the ganglion cells of the frontal
ganglion etc. of Periplaneta orienfalis, as having no membranes: »sie
sind nie mit einer Hiille versehen und erscheinen als membranlose,
weiche Ballen.« Upon treating the ganglion cells with vapour of
osmic acid, and examining them under high powers of the microscope,
he has been able to observe :eine koncentrische Lagerung des kor-
nigen Protoplasmase, »und zwar so, dass das Protoplasma in Schich-
ten geordnet erschien, die rosettenfirmig den Kern umgebens« (I, c.
p- 385). Of the origin and structure of the processes he says 1. c.
p- 586: »Eigenthiimlich erscheint das Verhalten des kirnigen Proto-
plasmas an der Ursprungsstelle der Nervenfasern, Wihirend sich
diese granulire Zellsubstanz sonst in Schichten koncentrisch um den
Kern lagert und der Zelle cin rosettenformiges Aussehen verleiht,
gehen die dussersten Ringe am Ursprunge der Nervenfesern, ihre
koncentrische  Schichtung verlassend, in diese idber. Es ist also
dieser Fortsatz nur als eine Fortsetzung des Zellinhaltes aufzufassen,
der sogar Anfangs noch etwas kirnig, spiiter erst in die feinsten
Fibrillen zerleghar erscheint. -

VEJDOVSKY (1884) has not succeeded in observing a fibrillar
structure in the protoplasm of the ganglion cells of the Oligochates;
»nur die aus den Zellen austretenden Stiele zeigen eine deutliche
Zusammensctzung aus den feinsten Nervenfibrillen« (I, ¢. p.go). On
another occasion he says, however, of the ganglion cells that »bereits
altere Forscher eine fibrillire Anordnung der Plasmaclemente sicher-
gestellt habene« (I c. p. 91.)

Amongst those who do wet believe in a fibrillar structure the
following authors may, here, be named?):

') When speaking of the ganglion cells Fairre says sl'enveloppe est solide
et consistante; le contenu granuleux, semi-fluide.s Heeckel says of the ganglion
cells of Astacus: »Jede von ihnen stellt eine mehr oder weniger rundliche, an-
seholiche Blase dar, deren zarte Zellmembran, oft von einer dichien Bindegewebs-
kapsel eingeschlossen eine triibe kirnige Flissigkeit euthiilt in der ein sehr grosser
mit einem Kernkirperchen versehener Kern schwimmt.« Waldeyer denies the

existence of the striation of the cell-protoplasm described by Walter. Buchholz
it already mentioned above.
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OWSJANNIKOW describes the ganglion cells of the lobster (1. c.
1801 p. 139) as having =un contenu assez liquide« in which he has
observed fibrille, »qui semblent pénétrer dans le milieu de la cellule.<
The ganglion cells of the Mollusca he describes as having a semi-
fluid protoplasm which »erst nach dem Tode fest wirde (. c. 1870
p. 681). Here, he mentions no fibrilla.

CHERON (18060) describes (in Cephalopeda) apolar, uni-, bi- and
multipolar ganglion cells having granular or homogeneous contents.
In the »ganglions de brase« he describes, for instance: »des cellules
unipolaires a contenu granuleux, et des cellules bipolaires ou tri-
polaires a contenu liquide sans granules.«

CLAPAREDE says (L. c. 1800 p. 503): »Die Zellenkorper bestehen
aus einem kirnigen Protoplasma ohne erkennbare Membran.«

SOLBRIG's opinion (1872) was that. the concentric fibrillar appear-
ance was a postmortem one and was, partly, artificially produced
by folding of the cell-surface etc. According to his view, the proto-
plasm of the cells, as well as of the processes, is a homogeneous
or granular sfest-weiches substance. A great many other writers
are, also, of the same opinion.

STIEDA (1874) says in his description of the Cephalopoda, that
the protoplasm of the ganglion cells have, in fresh state, an extremely
minute granular appearance; =an den Zellen der Schnittpriiparate lasst
sich eine homogene Grundsubstanz erkennen, in welcher dusserst
feine Kérnchen ecingestreut sind.« The processes have the same
appearance (. c¢. 1874 p. 92).

Even HERMANN (1875) is no adherent of a fibrillar structure of
the cell-protoplasm; in his opinion it is rather granulous or homeo-
geneous.!)

YUNG (1878) describes the protoplasm of the ganglion cells as
being fluid, and homogeneous or granular.

BeELLONCI (1878) describes the protoplasm .of the large
ganglion cells of Sgquilla, as having »un aspetto finamente

') According to Hermann the protoplasm of the cells consists of two sub-
stances: sDie eine umfasst weitaus seinen grissten Theil, erscheint gleichmissig
homogen, oder in einigen Fillen feingekornt, nimmt iiberall die dusseren Schichten
des Zellkiirpers ein, gibt ihm seine Gestalt, und bildet allein den Fortsatz.e. ...
»Tée andere Substanz erscheint als aus griberen Kornern bestehend und st
in ungleich grossen Massen um den Kern herum gelagerte (I ¢. 1875 p. 30)

The processes of the cells have, consequently, in Hermanns opinion a homogeneous
structure.
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granosoe.') Of the peripheral cell-process he says: that it »non
presenta alcuna particolarita strutturale«; in Tav. IX, fig. 3 (L. c.
1878) he illustrates a ganglion cell with a peripheral process (»pro-
lungamento periferico«) exhibiting a distinct longitudinal striation
which he does not, however, mention in the text so far as I have
seen. Some large fibres, he says, have a fibrillar appearance.

NEWTON (1879) designates the cell-protoplasm as being granular;
he says that sthe granular cell contents may be seen in some in-
stance, extending into the fibres« (i. e. the cell-processes).

KRrIEGER (1880) describes a granular cell-protoplasm and a
homogeneous process.

VIGNAL (1883) seems to have taken up no distinct position regard-
ing the fibrillar or non-fibrillar structure of the panglion cells. About
that of the Mollusca he says: »Elles sont formées d'un globe
ganglionnaire a la surface et dans lintericur duquel se trouvent de
fines fibrilles qui forment le ou les prolongements de la cellule; entre
les fibrilles se trouvent de fines granulations graisseuses, quelque-
fois diversement colorées (L c. p. 342). Regarding the ganglion
cells of the Hirudinea he reports in somewhat similar terms. »Elles
sont formées d'un globe ganglionaire & la surface duquel se trouve
un noyau; il est recouvert par de fines fibrilles qui en constituent le
prolongement« (. c. p. 372).

Regarding the ganglion cells ef the Crustaceans and Oligochetes
he seems, however, to be of quite another opinion. About those of
the Crustaceans he says e. g.: »elles sont formées presque toutes par

') Of the large ganglion cells he says (. ¢, 1878 p-523): »Esse posseggono
una sottile parete e sono circondate da un invoglio di tessuto connettive nucleato.
Il contenuto ha un aspeito finamente granoso, ma al polo del prolungamento peri-
ferico i granuli sono pil fitti e formano un cono distinto, la cui base & la corri-
spondente parete del nucleo e il cui vertice & Porigine del cilindro assile.« In the
small ganglion cells he even believes to have seen sil cilindro assile« penetrate into
the nucleus and terminate sin uno spazio chiaro e rotondo che si trova nel centro
di questo.« To this apparent connection of the peripheral process or, as I zall it,
nervous process, with the nucleus, Bellonci ascribes great importance, it shows, in
his opinion, that the nervous impression ssi propaga al centro della cellula e pro-
prismente al nucleo, il quale nella cellula nervosa, come in tutte le altre, & il vero
centro dell'allivita vitale.e We will return to this subject, and to my view of it,
at the conclusion of the present paper. OFf great interest is, that Bellonci expressly
accentuates that each ganglion cell has only one real nervous process (»cilindro
assiles) sdestinate a formare un elemento del mervo, tutti gli altri non sono che
prolungamenti destinati ad unire fra di loro le cellule di una stessa massa cellulare.«
In the latter statement I do not, however, agree with him [vide sequel).
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une substance visqueuse, épaisse, granuleuse et trés malléable.c
About the Oligoch®tes he says: »Les cellules nerveuses . . . . sont
formées par une substance demi-liquide visqueuse, excessivement mal-
l¢éable, peu granuleuse. Elles contiennent un noyau réfringent ho-
meogéne et granulations graisseuses situées a son voisinage.«

If we look through the modern literature having 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. Some writers
distinguish between granulous cells and homogeneous ones, other
writers believe in a concentric striation, or even a longitudinal
striation (ROHDE). !}

Some writers distinguish between ganglion cells with a process
originating in the nucleolus (»Kernkérperfortsitzec), or nucleus and
cells with a process originating in the protoplasm (»Protoplasmafort-
sitze«). Others, e. g. HALLER, describe cells having both kinds
of processes. A great many writers however deny, or doubt, any exis-
tence of processes originating in nucleoli or nuclei, etc. etc. All these
distinctions and differences of opinion exist, although we certainly
must feel inclined, a priori, to suppose that there must be uniformity,
to some extent, through the whole animal kingdom in this respect,
and that the differences must have arisen in the development of less
complicated structures to more complicated ones.

") In E. Rohde's paper on the Nemafodes (1885) we meet with a descrip-
tion of the structure of the ganglivn cells which is of a somewhat peculiar kind.
The writer describes ganglion cells having different modes of striation, a radiate
striation, a concentric one, and a longitudinal one (l. . p. 16—17; fig. 14—34.)
As 1 have not examined the mervous system of the Nematodes I can not, of
course, deny the correctness of this statement; if I may judge, however, from the
results of my investigations on other animals, I feel inclined to believe that these
descriptivns are caused, at all events partly, by optical illusion.

It may here, also, be mentioned that Yung (1878) describes a longitudinal
striation of the protoplasm of the ganglion cells of Astacus as being a post-
mortem appearance produced by the influence of acids (picric or nitric acid —
L c. 1878, p. 424—425). In the fresh state he describes the cells as having sun
contenu lignide absolument identiques & celui des tubes nerveux i l'état frais.«

The American scientist Packard gives a very strange description of the
ganglion cells of Asellus (1884), he says that they shave not, as in the brain of
the lobster, a simple nucleus and nucleolus, but they usually have numerous, from
10 to 20, nuclei, the nucleolus of each nucleus readily receiving a stain and forming
a distinct dark mass.« How this description is to be explained I certainly can not
tell; he does not mention the structure of the cell-protoplasm.
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The latest important contribution to the literature on this sub-
ject is, so far as I know, to be found in LEVDIG's »Zelle und Ge-
webes. According to Leydig's description, the contents of the cells
consist, also, of the same two substances spongioplasm and hyalo-
plasm, which are mentioned in respect of the nerve-tubes. As in
the nerve-tubes the striation — the concentric one in the gang-
lion cells, and the longitudinal one in their processes — is a rather
apparent one, occasioned by »Hauptziige« in the otherwise reticular
spongy spongioplasm, through which the hyaloplasm is diffused. On
a previous occasion he has expressed himself in somewhat similar
terms (vide I. c. 1833, p. 56).

In my memoir on the Myzostoma (1885 p. 30—31 & p. 74) I
describe the protoplasm of the ganglion cells in a somewhat similar
way. It consists of the same two substances: spongioplasm and
hyaloplasm; the spongioplasm I am, however, »inclined to regard,
more, as isolating the hyaloplasm into fibres, than Leydig appears
to be.« »The spongioplasm extends, also, into the cell-processes
and there, I believe, partly isolates the hyaloplasm into small tubes.«
This is, as will be seen, a description very similar to that of Freud,
but our opinions regarding the nature of the two substances are
quite opposed to each other.

In FRANZ VON WAGNER's work on the nervous system of Myzo-
stoma (which appeared at about the same time as my own paper) the
author describes the ganglion cells as having a granular protoplasm
or also a homogeneous one.

That is, generally speaking, our present state of knowledge
regarding the structure of the invertebrate ganglion cells. As will
be seen, there are, still, almost as many views as there are writers. 1)

¢} The structure of Leydig’s dotted subatance.

We have mentioned in the foregoing, the history of the nerve-
tubes and the ganglion cells of the invertebrates; but there yet
remains the most difficult point in debate, viz. the combination of
the ganglion cells with each other and with the nerve-tubes, and
the real structure of the interposing mass, LEVDIG's s Punktsubstanze.

"} In the present review of the literature my attention has been especially directed
to the statements regarding the structure of the protoplasm of the ganglion cells,
as I take this to be the most important point for my present researches. As to
the various statements regarding the existence or non-existence of a cell-membrane
etc. and regarding the structure of the nucleus ete. I will, if necessary, refer to
them during the description of my own investigations.
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Regarding the combination of the ganglion cells with the
nerve-tubes, there are two various opinions which have especially
been prevalent.  According to a great many writers, there is an
immediate combination of the cells with the tubes, these being di-
rect continuations of processes from the cells.  Another opinion is
that, there does not exist any immediate combination between tubes
and cells but that the tubes have an indirect origin, i. e, in a fibrillar
1mMass.

The opinion of some authors is, that both modes of origin are
present.

A dircet origin of the nerve-tubes in ganglion cells has long
ago been maintained by HELMIoOLTZ

Amongst the later adherents of this opinion the following may
be named: HANNOVER, WILL, BRUCH, WEDL, FAIVRE, OWSJANNIKOW,!)
BucHHOLZ, CHERON, Braxp1.®) Stiena, BERGER, YUNG, CLAUS,
LANG, SPENGEL, MICHELS, FREUD. KOESTLER, ROHDE, POIRIER.

\WALTER, SOLBRIG, BELLONCI, BOHMIG, HALLER and NANSEN™ have

Y Owsjanndkow  states (1881) that in the Crustacenns the nerve-tubes
arise directly from ganglion cells. The large lungitudinal nerve-tubes are formed
by the union of several processes from various cells; and they »forment un systdtme
particulier, ¢établissant la relation entre les cellules des noyaux de la chaine gang-
lionnaire et les cellules du cerveaus (L c. 1861, p. 136). Of the combination of
cells, situated oposite to each other, he says: »Les cellules nervense d'un cdté sont
partout unies aux cellules de auntre par des commissures.e  The nerve-tubes of the
Molluscs Owsjannikow also describes (1870), as arising directly from ganglion cells.
In most tuhes he has, however, ohserved a division into two branches, the one of
which passes into a peripheric nerve, whilst the other une passes =zu der ent-
gegengesetzien Hiifte des Nervenknotens«. »Es lisst sich aber auch Terner nach-
weisen, dass einzelne Cangliengruppen aul ebendieselbe Weise mit cinander ver-
bunden sind.« Of interest is, that Owsjannikew (like Buchholz} »an manchen
primitiven Nervenfasern auch solche Nebeniistchen entdeckt habe, die sich fast
plotzlich in eine sehr grosse Anzahl hiichst feiner Astchen dritten und vierten
Ranges theilten und endlich so fein vorden, das sie der stirksten Vergrosserung
enlgingen.« sDiese Astchens he supposes to be similar to Deiter’s protoplasmic
processes, in which supposition 1 do not, however, agree with him. [t may also
he mentioned that Owsjannikow, like Walter, describes =multipolare Nervenzellen«
situated »an manchen primitiven Nervenistene. These cells are, however, in my
opinion, not ganglion cells but neuroglia-cells,

2} Brandt (1870) designates the aPunktsubstanz« or =Medullarsubstanzs in the
ganglia of Lepas anatifera as consististing of feinen Kornchen, [Its function or
importance he does not, however, mention. The nerve-fibres (»welche den Achsen-
cylindern der markhaltigen Nervenfasern der Wirbelthiere und einiger Wichellosen
entsprechens) are direct continuations of the processes of the ganglion cells,

#) Lately, a paper by Rawilz has appeared, where views are expressed very

like thase of Haller. This paper will be referred to at the conclusion of the pre-
sent chapter.
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described a direct origin of the tubes in cells, but at the same time
have also described an indirect origin as being present, WALTER,
SOLBRIG, BOHMIG and HALLER even suppose this to be the prevalent
mode.

WALTER desribes the indirect origin as being produced by
interposed multipolar cells, whilst the other writers presume a more
or less fibrous or reticular substance as being the interposing me-
dium; this substance is principally formed by processes from the cells.

HALLER and HANS SCHULTZE (as will be mentioned later) de-
scribe both modes of indirect origin.

Upon several occasions I, myself, have described an indirect,
as well as a direct, origin of the nerve-tubes and supposed both
modes of origin to be present to a somewhat similar extent, as, in
my opinion, the nerve-tubes having a direct (never isolated as
most writers maintain) origin should be motoric ones, whilst those
with an indirect origin should be of a sensitive nature.

Amongst those who maintain an indirect origin of the nerve-
tubes from a granular-fibrous mass, and, as a rule, deny the existence
of a direct origin, the following writers may be specially named:
LEYDIG, WALDEVER, HERMANN, HANS SCHULTZE, KRIEGER, VIGNAL,
PRUVOT, VIALLANES, F. v. WAGNER Some of these, e. g. Leydig
and Waldeyer, admit a direct origin to occur quite exceptionally.

LEVDIG is the first writer who has given a somewhat detailed
description of the central mass of the ganglia. He calls it
>Punktsubstanz« and characterises it as a »netzférmig gestrickte
Gewirr feinster Fiserchene. This »Punktsubstanze receives on one
side the branching processes of the ganglion cells (these loose them-
selves into the fibrous substance) on the other side it gives origin to
the peripheric nerve-tubes.

This not very detailed description by Leydig has been supplemented
by very few scientists. Most writers scem to be satisfied with it,
they use the name without entering more closely upon this difficult
subject, and do not try to define the structure of the central mass
more exactly, WALDEVER characterises it as a »Gewirr feinster Fi-
dene, which should originate principally in the division of the cell-
processes.

BUCHHOLZ (I c. 1863) calls this mass »jenes feinsfe Fasersystem,
welches tiberall innerhalb der Nervencentren verbreitet ist.«  He has, in
my opinion, in many respects, arrived at a very correct view, which is
scarcely surpassed by any other writer. The fibrille of this »Faser-
systeme« are extremely slender. »Die Ursprungsweise derselben ist
nun, wie angedeutet, cine doppelte; einmal nimlich gehen sie, wie

Q
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an den multipolaren Zellen zu bemerken ist, aus unmittelbar von
dem Korper der Zelle entspringenden, urspriinglich breiten Zellen-
fortsitzen hervor, welche sich ginzlich in derartige feinste Fibrillen
auflisen, das andere Mal dagegen entspringen sie nicht unmittelbar
von den Ganglienzellen, sondern werden erst von den breiten Fort-
sdtzen abgcgt:bcn, wobei sie alsdann gewdhnlich sogleich als sehr
feine Fasern sich darstellen, welche oftmals noch in ganz ausser-
ordentlicher Entfernung von der Zelle selbst entspringen; ohne dass
die breiten Axencylinder durch dic Abgabe derartiger feinster
Reiserchen irgend merklich sich verschmalerten.« — »Diese feinsten
Reiser entspringen sehr hdufig mit einer sichtlichen plattenformigen
Verbreiterung von der breiten Stammfaser.«  These »feinsten Reisers
generally subdivide »so dass aus denselben eine ausserordentlich grosse
Anzahl unmessbar feiner Fasern hervorgeht, welche uberall mannich-
fach sich durchkreuzend im Inneren der Nervencentren vorhanden
sind.«')  These »unmessbar feinen Fasern« are the smallest and
finest elements which Buchholz has been able to observe in the
fibrous mass, still, however, he is not sure whether they do not sub-
divide, or if they really are the ultimate branches by which the corre-
spondence between the ganglion cells is produced.

Regarding the appearance of these fibres he savs: «dass die-
selben je nach der Natur der Flussigkeit, in welcher dieselben iso-
lirt wurden, mehr oder minder deutlich unregelmissige Varicosititen
zu zeigen pflegen.«

The fibres are, as he supposes, separated from cach other »durch
einc gewisse Menge scriser Fliissigkeits, which in the preparations
have the appearance of seiner fein granulirten Substanz:, the gri.
nular appearance is, however, probably artificially produced ; perhaps
it is, also, to some extent produced by destruction of some of the
nervous substance.  And he says: »bei dem villigen Mangel geformter
Bildungen zwischen der nervisen Elementen lisst sich daher fiir dic
Centraltheile ebenso wie fir dic Nervenstimme als hischst wahre-
scheinlich annehmen, dass die geringen Zwischenriume, welche
zwischen den Gangliencellen und den Fasergebilden ubrig bleiben,
ebenfalls hier nur von einer des Ganglion durchtriinkender Zwischen-
flissigkeit erfiillt werden.«

As to the origin of the nerve-tubes, he considers that all of
them originate directly in ganglion cells; but their course through
the fibrillar mass is, as mentioned, not an issolated one. “ach

NLoe p. 280
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cell has, generally, only one process forming nerve-tubes; as a rule
this process, however, sconer or later, divides dichotomically ; how
many divisions there may occur he has not ascertained. »Doch
scheint zum mindesten eine dichotomische Theilung stets vorhanden
zu sein wenigstens sind mir in mehr bedeutender Linge erhaltene
Axenbinder ohne jegliche Theilung niemals begegnets (1. c. p. 283).

Thus, several tubes must be supposed to originate in each ganglion
cell, and really unipolar cells do not exist, according to his view,
or if existent they are very rare, and of a small size.

Regarding the form of the ganglion cells (the larger as well as
the smaller ones) »so finden wir allerdings den unipolaren Habitus
durchaus vorwicgend.«  Really multipolar cells are, however, also
present; they are generally of a larger size.  »Die Fortsitze dieser
multipolaren Zellen zeigen nun, . . . . ein verschiedenes Verhalten an
derselben Zelle.  Bald niimlich theilen sie sich schon nach kurzem
Verlauf ganzlich in ungemein feine Fasern,) ... .. ... ... bald ver-
laufen sie in sehr grosser Linge, ohne sich aufzulosen mit ziemlich
gleich bleibender Breite fort, wobel sic nur hin und wieder vereinzelt
sehr feine Fibrillen') abgebens (I c. p. 276).%)

According to BUCHHOLZ, an indirect origin of the nerve-tubes,
as maintained by LEYDIG and WALTER, never occurs.  »Es kommt
nirgend vor, dass breite Primitiviasern von feinsten Fibrillen erst zu-
sammengesetzt werden, auch sind sie selbst als homogene Binder
und keinesveges selbst als Bundel feinster Fasern anzusehen« (L.c.p. 303).
The function of »jenes feinsten Fasersysteme« is, consequently, not to
form nerve-fibres with indirect origin, but to produce correspondence
between the ganglion cells, which never have a direct connection
with each other as Walter and other writers maintained. »So oft
ich aber auch einen derartigen Zusammenhang zwischen Zellen zu
sehen glaubte, habe ich mich doch immer wieder in jedem einzelnen
Falle davon iiberzeugt, dass dieser Anschein auf ganz bestimmt
nachweisbaren Tauschungen beruhte« (1. c. p. 293).

'} Cmfr. what is above mentioned regarding the origin of the slender fibrille
of the fibrous mass.

#} According to Buchholz apolar ganglion cells do not exist. About this
he says: »Es ist den vorangehenden Arheiten zufolge kaum nithig hervorzuheben,
dass Ganglienzellen ohne Fortsitze gar nicht vorkommen.s Seeing that Buchholz
tand before him Owsjannikow) has already expressed himsell so very decidedly on
that point, it is really very curious to find this phantom haunting the brains of,
even, dquite recent writers. Regarding the nen-existence of processes issuing from
nuclei or nucleoli Buchhol+, also, expresses himsell very decidedly.
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We will close this report of BUCHHOLZ's paper with a reference to
his description of some corpuscles occurring in the fibrous mass. About
these he says: »Prifen wir namlich die feinen Faserziige, welche neben
den breiten Axenbiindern uberall anzutreffen sind, so bemerken wir
an schr zahlreichen dieser Fasern erhebliche Anschwellungen, welche
mit deutlichen ovalen Kernen versehen sind.«  :Es sind fast immer
langgestreckt spindelférmige Gebilde, welche nach beiden Seiten hin
in feinste Fasern unmittelbar sich fortsetzen, oder vielleicht richtiger
gesagt in den Verlaul derselben cingesehaltet sind.e  :Die Kerne
enthalten einen oder mehrere sehr feine, punktfirmige Nucleoli.«
The extremities of the fibres issuing from this »Gebildes resemble
»in ihrem ganzen Ansehen, sowie durch das Vorhandensein vielfacher
Varicosititen auf das Vollkommenste den feinsten Verzweigungen
der Ganglienzellen.e  Besides these »in reichlichster Anzahl vorhan-
denen regelmissig spindelformigen Faseranschwellungen giebt es aber
noch eine andere Art kernhaltiger, mit den feinsten nervosen Fasern
in Zusammenhange stehender Bildungens (I ¢, p. 2g0—2g1).

These have generally a multipolar shape, and have nuclei of
quite the samce appearance as those just mentioned.  Buchholz does
not exactly know which naturc he ought to aseribe to these cells,
I think, however, there can be no doubt but that these cells are
what I have described as neuroglia-cells (vide sequel).?)

This report of Buchholz's paper is, perhaps, somewhat prolix.
I have, however, made it thus circumstantial, partly because I have
seen no correct report of the beautiful rescarches of this ¢minent
investigator, and also, partly, because I consider those researches to
be of the highest import, and it really seems as if they are far too
little known.

WALDEVER (1803) describes sdas molekuliire mittlere Stratume
as »eine Art Flechtwerk, welches eben der Feinheit der Fiden we-
gen, aus denen es besteht, sehr schwer zu entwirren ist.« This
»Flechtwerk«, is formed of the three following elementary parts: sfeine
Auslaufer der grossen Zellen, kleine Zellen und deren feinste Aus-
laufer.« +Die kleinen Zellen liegen sehr dicht neben einanders in the
central mass. This last description does not suit for my neuroglia-
cells, which in Mollusca (which Waldeyer has especially adopted

') Tt is indeed very strange that Rawitz has not observed Buchhole's descrip-
tion of those corpuscles, as he has described and figured quite similar ones {cmir.
the subsequent report of R's paper). The multipolar cells of Haller, simated in

sdem centralen Fasernetze, are alsa, undoubtedly, the same cells as thuse multipolar
2Gebildes of Buchhole.
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for his investigations) occur somewhat sparingly; in spite of this, T
do not doubt, however, that what Waldeyer has called »kleine Zel-
len« (:kleine bi- und multipolare Zellen«) is what I describe as
neuroglia-cells.

Of the results of his investigations »iiber den Ursprung der den
Axencylindern gleichwerthigen Axenfibrillen der Wirbellosen« Wal-
deyer, himself, gives us the following summary: »5Stellen wir . . . .
das FEndresultat zusammen, so ergiebt sich: dass diesetben (i. c.
» Axenfibrillen der Wirbellosent) in den von mir untersuchten Fil-
len direct aus feinen Ausliufern kleiner bi- und multipolarer Zellen!)
ihren Ursprung nehmen, entweder aus einem solchen Zellenausliufer
ohne Weiters, oder so, dass erst Theilaste desselben die Axenfibril-
len sind. Niemals aber gehen direct Ausliufer der grossen unipo-
laren Nervenzellen, welche die Randpartien des Ganglion constituiren,
in periphere Nerven iiber.«

Thus Waldeyer denies the existence of what we would call a
direct origin of the nerve-tubes from ganglion cells.

According to CHERON (1800) the nerve-tubes of the Cephalopoda
have, as a rule, a direct origin from ganglion cells, usually in such
manner that several processes of small cells unite to form one large
nerve-tube. In some cases he supposes that one large ganglion cell
alone »fournit directement un tubee (vide . c. 1866 p. g4). The
nerve-tubes of the ssystéme stomatogastriques« have another (in-
direct?) mode of origin. Of the central mass of the ganglia he
seems to have no distinct view; he describes it as »=une matiére
finement granuleuse, absolument amorphe.s

CLAPAREDE (1869) quite agrees with LEYDIG in his description
of the dotted substance. :Die Zentralmasse des Bauchstranges von
Lumbricus hat Leydig ganz richtig als eine sehr feine Punktsubstanz
mit darin gelegenen diinnen Fiserchen beschrieben.  Andere Nerven-
fasern giebt es nicht, weder im eigentlichen Nervenmark noch in
den Nerven selbst. Diese meist geschlingelten Fiserchen verlaufen
in den verschiedensten Richtungen die Mehrzahl jedoch der Linge
nach; die von den Nerven stammenden strahlen nach allen Seiten
in das Bauchmark hinein.«?) It is quite evident that Claparéde’s
»Fiserchen«, which he believes to be the real »nerve-fibrese«, are the
sheaths of the nerve-tubes, which, transsected longitudinally, very
often have the »geschlingeltec appearance which he mentions. In

') As mentioned above, it is these cells which 1 call nenroglia-cells.

T 1 e 1869 p. 593
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his description of a connective tissue, or »VIRCHOW's Neuroglia ver-
gleichbare Stiitsubstanz« in the nervous system, he says, even, that he
has not been able to distinguish the fibres of this , Stitzsubstanz®
»von denjenigen der centralen, fibrillairen Punktsubstanz . . . . auch
scheinen sie in dieselben unmittelbar iiberzugehen. Ueber die ner-
‘viose Natur der letzteren kann aber kein Zweifel obwalten.c') The
mode of origin of these »nerve-fibres« Claparéde scarcely mentions,
and it seems as if he agrees with LEVDIG, also, in regard to it.

In his last memoir on the Annelids (1873) he gives a descrip-
tion very similar to what is above quoted.

SOLBRIG (1872) describes the »Punktsubstanze as a granular
fibrous mass which, in a successfully isolated preparation, may be seen
traversed by s>einem merkwiirdig feinen Fasersystem, dessen Fibril-
len an dem Rande des Priparates oft auf weite Strecken hin isoliert
verfolgt verden kinnen.« He compares this »Fasersystems= with
the capillary reticulation of the vascular system, and supposes that a
part of its function is to produce the correspondence of the unipolar
ganglion cells with each other. Besides a direct origin of the
nerve-tubes from ganglion cells, Solbrig also distinctly maintains an
indirect origin from this »kornig-faserigen Masse«, the latter mode
being the most common one. In this case the nerve-tubes are
formed by the union of several »Fibrillen des feinen Fasersystemse.

STIEDA?) (1874) supposes the nerve-tubes of the Cephalopoda
to be direct continuations of the processes of the ganglion cells.
Such a relation, he has been able to observe in some few cases.
+»Ein anderweitiger Faserursprung lisst sich mi¢ Sicherheit nicht de-
monstriren.« He mentions some sfeinsten Nervenfasern, kaum mess-
bare Faden, welche ein im Centrum des Knoten befindliches schwer
zur entwirrendes Netz bilden.« His view of the import or function
of this »Netz« he does not, however, give.«

The writer who has paid most attention to, and has made the
most minute investigations upon, the central fibrous mass of the inverte-
brate nervous system is, in my opinion, HERMANN (1875). This eminent
investigator has, in his really classical memoir, given a very circum-
stantial description of this substance, describing it as being granular-
fibrillous, and in which he very particularly indicates the course and
origin of the fibres (I. c. p. 84 etc.).

1l e p. 595

%) [ regret to say that to Trinchese's memoir on the nervous system of the

Cephalopoda (1. c. 1868) 1 have had no access, as we do not posess it in the
library of Bergen's Musenm.

- 83 -



The extremely slender fibrille of the mass spring, partly from
cell-processes, partly from peripheral nerve-tubes, and partly from
the longitudinally and transversally running fibres of the commissures.
The fibrille unite in =Knotenpunkte« not in such a way, however, as
to form a real reticulation,

:Der Zusammentritt zweier Fibrillen verschiedener Herkunft von
denen die eine z. B. von den Zellen entspringt, die andere den
Commissuren angehort, geschieht in der Weise, dass die cine Fibrille
— in Folge der Verlaufsrichtung unter nahezu rechtem Winkel —
in die andere unmittelbar iibergeht. Nur eine kleine Verdickung
die ich oben Knotenpunkt genannt habe, ist an der Verbindungs-
stelle zu bemerken. Tritt an denselben Knotenpunkt noch eine
dritte oder vierte Faser, so verwischt sich allerdings das charakteri-
stische Bild und es ensteht der einer multipolaren Zelle ahnliche
Kérper, tber den ich bereits meine Ansicht mitgetheilt habe.z 1)
»Sorgfiltigst angefertigte Zupfpriparate bringen jene Knotenpunkte
besonders dann gut zur Anschauung, wenn sie nicht zu feinen Durch-
chnitten entnommen sind. Doch zeigen auch frische Priparate diese
Verhiltnisse. wobei jedoch die Untersuchung einmal durch die un-
gemeine Blisse der Fibrillen erschwert ist, ferner dadurch, dass alle
nicht vollstindig zerzupften und so durch die Mannigfaltigkeit der
Verbindungen netzfirmig erscheinenden Theile in den Licken zwischen
Fibrillen und Knotenpunkten eine helle, naliezu halbfliissige Zwischen-
substanz erkennen lassen, welche durch ihren Reichtum an Kérnchen
die Deutlichkeit des Bildes beeintridchtigte (I ¢. p. 84—8s).

This is quoted, thus circumstantially, because 1 propose to refer
to it in describing my own investigations. From what is quoted, i
will be seen that Hermann supposes the central mass to be formed
by fibrilla:, and by a granulous, viscous, »Zwischensubstanze.

') Although Hermann has never observed nuclei in these multipolar corpuscles,
nor in the usual sKnotenpunktes, he says of the former (1. c. p. 36): »Ich kann
diese kleinin Verbindungskérper den iibrigen Ganglienzellen zwar nicht gleichstellen,
halte fiir sie aber doch den Werth multipolarer Zellen aufrecht, insoferne, als
ich sie als Ucbergangsclemente betrachte, welche die Verbindung zwischen den zur
Peripherie ziehenden Fibrillen und den im Obigen beschriebenen grossen Ganglien-
korpern, seien es die sunipolarens, oder die smultipolarens, vermitteln.r Whether
these Ilermann's »Verbindungskérpers are identical with the interposed multipolar
cells which Walter describes. I can not positively deny, but am, however, not dis-
posed to think so. Walter's cells are, I think, identical with Haller's =Schalt-
zellens, which I call neuroglia-cells, whilst Hermann's »Verbindungskirpers and
sKnotenpunktes are, I think, thickenings of the newroglia-filaments which are

also perhaps, to a certain extent, artificially produced by teasing or splitting of the
slender tube-sheaths. Their diameter is, he says, .ooo3—.0006 Mm.
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Regarding the origin of the nerve-tubes, Hermann's opinion is,
that a direct origin from ganglion cells is very rare, as a rule they
have an indirect origin, and are formed of fibrilla originating in 3
different ways:

1) from ganglion cells. »Diese Fibrillen sind aber wniekf, wie
etwa vermuthet werden kinte, direkte Ausliufer der Ganglienzellen,
sondern entspringen stets von einem Knolenpunkier (1. c. p. 83).
On a careful examination of sections this is easily seen.  »Die vom
Zellvortsatz abzweigende Theil-Fibrille«  gencrally penetrates to the
middle of the fibrous mass of the ganglion. Here it unites with
sFasern anderer Herkunfts in a »Knotenpunkt, von dem aus erst
die Fibrille in die Bahn der Nervenwurzel, oft unmittelbar neben
dem Zellfortsatz, riickliufig ubergeht.«

2) from fibrls of the longitudinal commissures, in such manner
that a part of these sin Knotenpunkten endet, von denen andere
Fibrillen entspringen, um zur Nervenwurzel zu ziehen.«

3) and finally direefly from fibrils of the longitudinal commissures,
without their passing through any »Knotenpunkte=.")

In some cases Hermann has been able to detect a direct origin
of dorsal tubes of the longitudinal commissures in ganglion cells,
the mode in which these tubes terminate he has, however, not been
able to decide.  Further, he has stated the mutual interpassage of
the processes of ganglion cells from one side into the nerves of
the other side cte.

Besides what is above quoted Hermann has described a great
many interesting particulars regarding the minute inner structure,
which, however, it would occupy too much space to mention here.
It seems, however, as if later writers have paid much too little
attention to these exellent investigations, which, indeed, contain an
amount of persevering accuracy, which can not be too highly
estimated, and which in my opinion a great many subscquent writ-
ers have rather failed in affording.?)

DieTL (1870, 77 and 78) describes the central mass which he
calls »Marksubstanze as »ein gisberes oder feineres, unentwirrbares
Netzwerk feinster Fibrillene,  The fibrillae principally originate in the
processes of the ganglion cells.  »Die Ausliufer der Ganglienzellen
(des Gehirns) tauchen in diec Marksubstanz ein bilden hier eine reiche
Zerfaserung zum grissten Theile das Substrat derselben und schliess-

"I My view of Hermanns »Knotenpunktes and fibrille will be seen from the
description of my investigations on that subject,

2} The report of Hermann's memoir given by Vignal (L ¢. p. 297—298) is,
in several respects, quite incorrect and misleading.
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lich ordnen sich die Fibrillen neuerdings zu verschieden starken
Biindeln aus denen die peripheren Nervenstimme sich entwickelns
(I. c. 1877 p. 24). He does not, however, deny the possibility of a
direct origin of nerve-tubes existing. »Ich habe aber unter gewohn-
lichen Verhiltnissen nur ein solches Verhalten nicht mit untriiglicher
Klarheit zur Anschauung bringen kénnene (l. ¢. 1878 p. 487).

RABL-RUCKHARD (1875), in his paper on the brain of the ant,
has scarcely paid much attention to the histology of the brain. He
calls the dotted substance sjener feinkirnigen, homogenen, keine
Zellenstructur zeigenden Substanz, die so vielfach an der Bildung des
Centralnervensystems der Arthropoden betheiligt ist« (1. c. p. 480),
and his mention of this subject almost confines itself to that.

FLOGER's paper on the brain of Insects (1878) has scarcely any
more interest for our present researches as neither has he paid any
particular attention to the nervous elements. In the fibrillar parts ol
the brain, he distinguishes between masses of »netzformig gestrickten
Substanz« and masses of »langsfaserigen Substanze, of which he gives
no distinct description. The real structure he has not recognised;
he says for instance (l. c. p. 561) that the fibres of this »lingsfase-
rigen Substanze, transversally transsected, have the appearance of
points or dots (»bei Horizontalschitten erscheint das Ganze aus zahl-
losen Punkten zusammengesetzts). As far as I have seen he does
not mention the relation of the nerve-tubes to the ganglion cells;
judging from his various descriptions [ think, however, that he
supposes an indirect origin (i. e. in the central fibrillar substance) of
the tubes or fibres, as he would call them, to be the rule.

E. BERGER (1878) maintains a direct origin of the nerve-tubes
from ganglion cells; this he has been able to, especially, observe
In connection with the origin of the amfennal nerve-tubes in Musca
vemitorie which he therefore recommends as a good subject for
examination to convince oneself of this mode of origin. He does
not, however, deny that an indirect origin may possibly occur, and
believes it, even, to be probable (l. c. p. 3).

YUNG (1878) believes in a direct origin of the nerve-tubes
from ganglion cells. :Les tubes,« he says, »ne sont bien en
réalité que de simples prolongements cellulaires.«  Still it seems as
if he, to a certain extent, e¢. g. in the origin of the nervi optici,
supposes a kind of double origin (direct and indirect?) to exist,
this origin is not, however, definitely explained (p. 454). His
view of the central fibrous substance seems to be of a some-
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what peculiar kind; he describes it as sune substance médulaire,
finement ponctuée, divisée en masses plus ou moins cubiques par
de fines lamelles conjonctivese (. c. p. 45g). Altogether, his ex-
planations are certainly very indistinct, in another place (L. c. p. 453),
regarding the central masses of the brain (he calls it »substance mé-
dullaire« a translation of DIETL's :Marksubstanz«) he says: sils re-
sultent, en effect, d'un complexus de fibres et de substance médul-
laires que dans ces derniers temps BELLONCI, qui les a retrouvés et
déscrits chez la Sguilla mantis. a comparé aux grands lobes du cer-
veau chez les animaux supérieurs.«

Hans Scuurtze (1879) gives a view of the :kornig fibrillire
Centralsubstanze somewhat similar to that of DIETL. It has a
reticnlar structure with anastomosing fibrillaz; when speaking of
it, he uses expressions like »anastomotischen centralen Fasernetze.
He has never succeeded in really observing a direct transition
of processes from the ganglion cells to nerve-tubes, but docs,
however, not absolutely deny its existence. An indirect origin he
considers to be the rule, there even exist two kinds of indirect
origin: acentralen Zellfortsilze losen sic durch forfgesefzte Theilung
in die kirnig-fibrillire nelzformig-verzweigte Centralsubstansz auf, aus
dieser letzteren erst bilden sich direct Nervenfasern. Bei den Elgto-
branchiaten habe ich wiederholf cinen anderen Modus des sogenannten
indirecten Uebergangs beobachtet.  Kleinen multipolaren Ganglienzel-
len sind in dic Leitungsbahn zwischen die grosseren Zellen und die
nervise, anastomotische Cenfralsubstanz eingeschaltet. Auch sah ich
bei Gasteropoden hiufig intercellidare Commissuren.”

This ,,anderen Modus* is, consequently, somewhat similar to what
is maintained by WALTER and WALDEVER. As will be subsequently
described, these reingeschalteten kleinen Ganglienzellen are, in my
opinion, nothing but neuroglia-celis belonging to the inner »connective«
tissue or inner neurilem of the nervous system.

Craus (1879) maintains a direct origin of the nerve-tubes
from the ganglion cells as being the only mode of origin exist-
ing in Phronimida. »Die peripherischen Nerven wurzeln nicht in
der sog. Punktsubstanz, sondern beziehen ihre Fasern aus Gang-
lienzellen theils des entsprechenden Ganglions — und zwar sowohl
gekreuzt als ungekreuzt — theils des vorausgehenden Ganglions,
theils vom Gehirne aus.« Regarding the structure of »der sogenannten
Punktsubstanz« he is in doubt; =dic zarten, als protoplasmatische
zu bezeichnenden Ganglienfortsiatze« have probably the same relation
to this substance in the Arthropods, as they have in the Vertebrates.
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»Warscheinlich handelt es sich in der Punktmasse zum gridsseren
Theile um eine bindegewebige der Neuroglia der Vertebraten ver-
gleichbare Substanz zu der die kleinen ovalen Kerne gehéren, welche
im Innern der Marklager auftreten.«

NEWTON, in his paper on the brain of the cockroach (1879),
has not advanced much further than Floger in the knowledge of the
dotted substance. Under a high power of the microscope, he says
that, it exibits a fine reticulation the meshes of which are »extremely
difficult to defines. In another part of the brain (the peduncles), he
describes a =similar network, but not quite so fine, and the meshes are
more elongated (fig. 14), especially towards the upper part, and it is
this which gives it a fibrous appearance. It is, in fact, a bundle of
fibres which freely anastomose with each other.. From this descrip-
tion, and from the illustration, it is quite evident that the appearance
which Newton describes as anastomosing fibres is produced by the
sheaths of the slender nerve-tubes, they being transversally or semi-
longitudinally transsected. Newton says that sthe manner in which
these remarkable nervous structures are connected with the other
parts of the brain and nervous system has yet to be established.«
Neither does he mention the origin of the nerve-tubes or their
relation to the ganglion cells. (On another occasion, he also mentions
a network extending between the ganglion cells.  He thinks it,
however, to be probable »that connective tissue combines with
nervous tissue to produce the appearance presented by their sections.«

MICHELS (1880) has penetrated more closely, into the inner
minute structure of the brain and ventral nerve-cord of Oryetes. He
describes, very circumstantially, the course of the bundles of fibres
and cell-processes through the fibrous mass. Though he has not quite
understood the real nature of this substance he has, however, a view
of it which is more correct than that of many other writers. He calls it
»Fasersubstanz« instead of »Punktsubstanze, »weil ich nach Anfertigung
von Lings- und Querschnitten eine molekuliiren Punktmasse, wie Leydig
von den Nervencentren der Avthropoden beschreibt. nicht habe auf-
finden kinnen, viclmehr immer nur mannigfach sich durchsctzende
Langs- und Querfaserziige wahrzuhnemen im Stande gewesen bin.e
The greatest part of these »Faserzige« especially the »Querfaser-
zige« spring, in his opinion, from the processes of the ganglion
cells; his opinion evidently is also that most peripheral nerve-tubes
spring directly from such processes. He describes numerous »Quer-
faserbiindele, »die, aus den Ganglicnzellen der einen Scite  ent-
stehend, den peripheren Nerven der anderen Seite bilden, jedoch
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zusammen mit einem Bindel, das in den Einschniirungen von
den jedwede Bauchmarkshilfte durchziehenden drei Lingsziigen ab-
tritt.« These »Lingszigenc do not, however, originate in seiner
peripheren Ganglienmasses nor in seiner centralen Punktsubstanze,
»sondern sind bloss Fortsetzungen jener nach hinten an Dicke ab-
nehmenden Langsfaserziige, die sich durch die Schlundringskommis-
suren bis zum Gehirn verfolgen lassen.«  They run through the
whole length of the ventral nerve-cord.

An interesting view of the central mass is, in my opinion, found
in KRIEGER's paper (1880) on the nervous system of Astacus. He
prefers LEYDIG's name »Punktsubstanz= to DIETL's »sMarksubstanze,
finding the former one characteristic, whilst the latter one is mislead-
ing. »Die Punktsubstanz ist (he says l. c. p. 540) ein Netzwerk
oder vielleicht richtiger ein Filz von feinsten Fasern.« This is easily
seen by help of high powers of magnification, in thin transverse
sections taken from ganglia treated with osmic acid, it can also be
seen in macerated preparations (obtained by maceration in 0.01 %,
ammonium-bichromate). In such, carefully treated, preparations »wird
man deutlich wahrnehmen dass die Punktsubstanz aus dusserst feinen
einander durchflechtenden Faserchen besteht. Regarding a direct
transition of cell-processes into nerve-tubes, he does not deny its
existence in Asfacus, but has, however, not succeeded in really
observing it. He supposes an indirect origin of the tubes to be the
most common mode. »Die Ganglienausldufer losen sich, indem sie
sich in immer feinere Aeste theilen, in der Punktsubstanz aufl oder sie
bilden vielmehr dieselbe, indem die durch ihre Theilungen entstan-
denen feinsten Fasern sich auf die verschiedenste Weise durchflech-
ten, und anderseits kommen die peripherischen Nervenfasern aus den
Punktsubstanzballen hervor, nachdem sie sich durch die Vereinigung
verschiedener solcher feinster Fasern constituirt haben.«  The division
is not produced in such a way that »shon vorher getrennt neben ein-
ander herlaufende Elemente (Primitivfibrillen), nurihren gemeinsamen
Verlauf aufgeben, sondern der vorher gemeinsame Inhalt einer Faser
theiit sich in mehrere Aeste wie sich das Wasser in den Rahren
einer Wasserleitung theilt, die die verschiedenen Héuser einer Stadt
Zu versorgen hat und in Zhnlicher Weise verschmilzt der Inhalt der
einzelnen Faserchen die zu einer peripherischen Nervenfaser zusam-
mentreten, nach meiner Auffassung ebenso zu einer gemeinsamen
Masse, wie sich das Wasser verschiedener Biche zu einem Flusse
vereinigt.«

J. BELLONCI (1878, 8o, 81 and 83) has supplied several beautiful
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contributions to our knowledge of the central fibrous mass of different
invertebrates (Squilla, Spharoma, Nephrops), as well as vertebrates.
He has, very correctly, described it as consisting of connective tissue
and nerve-fibres, he has, however, not succeeded in finding the
real relation between these two substances: »Selon moi, la sub-
stance grenue-reticulée est formée dun stroma conjonctif et dun
réseau nerveux. Le stroma conjonctif réticulé est excessivement fin
dans les parties centrales du cerveau; au contraire, dans la périphérie
des ganglions il est plus grossier et ne différe pas beaucoup de celui
dont se composent les capsules cellulaires« (I. c. 1881 p. 178). Through
this reticulation of connective-tissue, extremely slender nervous fibrille
run in all directions, anastomosing with each other and forming another
reticulation of nervous nature. These fibrille are partly derived from
processes of ganglion cells, and, partly, they are constituents of peri-
pheric nerve-tubes. He says of them: »ils proviennent des nerfs
périphériques et des cellules nerveuses et se ramifient en une foule de
branches grandes et petites qui, les reliant entre eux, forment un
véritables réseau.« Besides an indirect origin of the nerve-tubes in
this »réseaue, there exists, however, also a direct origin from gang-
lion cells: »cependant il est certain que beaucoup de fibres péri-
phériques proviennent directement du corps des cellules centrales et,
dans les plus grandes cellules j'ai remarqué deux prolongements qui
partent du méme poéle; I'un forme directement une fibre nerveuse
périphérique, l'autre se résout dans le réseau de la substance grenue.«
As will be seen, these observations are, in several respects, verv
similar to minc on the nervous system of Myzostoma and of the.
Assidians cte. and, also, to many of those, on various nervous systems,
which will be described in this paper. Bellonci has found the same
ssubstance grenue-réticulées in the nervous system of the various
animals examined by him.

ArRNOLD LaNG has, in his various papers (1879, 1881, 1884),
afforded some valuable additions to our knowledge of the histology
of the nervous system of the Polyclades, Trematodes ctc. In my
opinion, he has formed a very correct idea of the structure of the
fibrillar substance in the nerves and ganglia. Of the nerves he says,
for instance (l. c. 1884 p. 190): »Das spongiiise Ausschen auf dem
(luerschnitt kommt dadurch zu Stande, dass der Nerv aus lauter
kleinen Bilkchen zu bestehen scheint, welche alle miteinander ver-
bunden sind und welche zahlreiche rundliche, verschicden grosse
Liucken umschliessen. . . . . : Aul guten Praparaten aber sind sie
(i. e. die Liicken) angefiillt von ciner feinkirnigen blassen Substanz,
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die an einzelnen Stellen Zellen und Kernen Platz macht . . . .
die blasse, zarte, feinkornige Substanz ist nichts anderes, als ein
Querschitt einer Nervenfaser. Das spongiise Balkennetz .. ... er-
weist sich also als ein Stiitsgewebe der Nervenfasern. Auf Lings-
schnitten der Nerven ist natiirlich von einem spongiosen Bau des
Stiitzgewebes nichts zu sehen, da die Balken derselben in der Richt-
ung der Nervenfaser ausgezogen sind. In jedem Nerven bildet das
Stiitzgewebe deshalb mehr oder wenige zahlreiche, miteinander ver-
schmolzenen Rohren, von denen jede eine Nervenfaser umschliesst.«!)
Of the central mass (dotted substance) of the brain he says, after-
wards (p. 190): »Ich glaubte friher, dass sich das Stiitzgewebe der
Nerven bei den Polycladen nicht ins Innere der Gehirnkapsel fort-
setze, habe mich aber, nachdem v. KENNEL?} die entgegengesetzte,
Behauptung ausgesprochen hat, davon iiberzeugt dass dieser Forscher
im Rechtist.=  Lang’s opinion must, consequently, be that the spongy
looking »reticulation« in the dotted substance of the brain, as also
in the nerves, is produced by a »Stitzgewebes or, as T call it, nen-
roglia, which in reality forms tubes; an opinion in which I do quite
agrec with him, as will be seen from my subscquent description
and also from my previous papers.

In. his description of the brain of the Tremafodes, he even ex-
presses himself quitc unmistakably in favour of this view. He
says: »Vergleicht man Schnitte durch das Gehirn mit Schnitten
durch einen der starken Langsnerven, so ist man iiberrascht von
den Ahnlichkeit der Bilder. Auch im Gehirn treffen wir, wic
TASCHENBERGY) richtig bemerkt, auf Schnitten, dic in der Lings-

") These nerve-tubes, he deseribes, at first, as anastumosing with each other.
»1¥e Nerven bestehen aus Husserst zarten, mit einander anastomosirenden . . . .
Faserne (1. c. 1879 p. 485). Later, in his Monograph (1884), he uses just the same
words, dropping only the expression =mit einander anastomosirendens,  From this
it seems as if Lang has, probably, partly changed his view regarding the anastom-
osing of the fibres, and if so, he is, [ suppose, right if T may judge from my in-
vestigations on the nervous system of other animals.

In his {1c-5|;'ri|1tiun of the nerves of the Trematodes he 5ays {l. c. 1881 I 37\'.
=In Folge fortgesetzter Theilung solcher Lumina durch neue Scheidewinde kommen
die kleineren Hohlungen der spongiosen Stringe zu Stande.  Es darfl uns deshalli-
nicht verwundern, dass wir in den feinsten peripherischen Nerveniistchen nicht mehr
das Bild des spongitisen Stranges sondern bloss das einer unregelmissig punktirten
Fliche erhalten; denn hier sind durch wiederholte Theilung der sehr fein gewor-
denen Faserscheiden die Lumina aufl eine ausserordentlich geringe Grosse reducirl.e
This is a description which, in my opinion, is also quite suitable for the dotted
substance.

2} Vide Kennel 1. c. 1870 p. 153

) Vide Taschenberg 1. c. 1879 p. 19.
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richtung der Thiere gefiihrt sind, dasselbe spongiise Gewebe, wie
in den Nerven auf Querschnitten. Bei beiden sehen wir auf Flichen-
schnitten dasselbe System mit einander verbundener Réhren und
in diesen Rohren liegen bei beiden gleichartige Ganglienzellen.« 1)
In the »Stiitzgewebe« Lang even describes what he calls:
nFaserkerne* (vide | c. 1879 p. 485 and Taf. XV, fig. § and Taf.
XVI, fig. 7, fk.); they have completely the appearance of neuroglia-
cells.  Although Lang does not say anything regarding his view of
the nature of these nuclei, T do not think there can be any doubt
of their real neuroglia-nature (vide also Monograph 1884, Taf. 32,
fig. 9, d, e, f, g, and also Taf. 31, fig. 6, gz 3, gz 4). Lang even
describes small nuclei adhering to the processes of the ganglion cells,
(»Auch der kleinen, den Ausliufern der Ganglienzellen anliegenden
Kerne miussen wir, als allgemein vorkommend. Erwihnung thun.«
Mon. 1884 p. 183, Taf. 32, fig. 9,a). These nuclei have, also, quite
the appearance of those belonging to the neuroglia, as will be seen
from Lang'’s illustrations. It is, consequently, a situating of neuroglia-
cells quite similar to what I have previously described in Myzostoma,
and to what will be described, particularly ot Molluses, in this paper.
In the Trematodes there must, in his opinion, be a direct origin
of the nerve-tubes from ganglion cells, so far as T understand him. In
his description of their brain he says, for instance: »Auf lickenlosen
Serien von Quer-, Lings- und Flichenschnitten ist es moglich, alle
Einzelheiten des Faserverlaufs zu erkennen und die Fortsatze wenigstens
der grossern Ganglienzellen bis in die Nerven hinein zu verfolgen. «2)
Whether the nerve-tubes of the Polyclades have a direct origin in
ganglion cells of the central nervous system, or an origin in the
central fibrillar substance, he does not mention, and neither does
he give any distinct description of the dotted substance in these
animals besides what is above quoted (vide p. 53). The central
part of the brain, he says, consists saus einer sich schr schwach
farbenden, ausserordentlich feinfaserigen Substanz, in deren Inneren
weder Kerne noch Ganglienzellen vorkommen.« From this descrip-
tion 1t is, however, evident that we have a similar structure of the

') Regarding these cells situated in the nerve-tubes, vide foot note z.

?) In the peripheral nerves, he describes nerve-tubes wich are direct processes
of ganglion cells sitnated in the nerves. The nerves of the Trematodes, he says,
(I c. 1881 p. 37) consist saweitens aus der Nervenfaser, die, in diesen Kehren ein-
geschlossen, die Fortsiitze der ebenfalls in ihnen liegenden Ganglienzellen darstellt.«
As T have not examined the Trematodes, | can, of course, form no apinion of
the correctness of this statement.
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dotted substance in Polyelades as in Tremafodes, and also in Molluses,
Annelids etc.

SPENGEL (1881) describes in OQligognathus large ganglion cells
with processes directly forming large nerve-tubes. LEvDIGs and
CLAPAREDE's gigantic nerve-tubes, he supposes to be similar cell-
processes. These nerve-tubes have sheaths of connective-tissue, being
continuations of the connective-tissue enveloping the ganglion cells.
Spengel gives no description of the dotted substance; he supposes.
however, the observations just quoted to be of importance for
our understanding of this substance. [(»Aber auch fir dic Frage
nach dem Wesen der sog. Punktsubstanz werden diese Elemente
eine Bedeutung gewinnen mussen.«) I suppose his opinion is, that
it is also probably formed by sNervenrihres with sheaths — at all
events to some extent — and here he is, in my opinion, quite right.

FrEUD (1852) does not seem to have paid any special attenticn
to the structure of the dotted substance. The relation of the gang-
lion cells to the nerve-tubes, he supposes to be the same in inverte-
brafes as in vertebrates, and he believes, to a certain extent at all
events, in a direct origin. e expresses himself, however, very in-
distinctly on this subject.

VIGNAL (1883) believes only in an indirect connection of the
ganglion cells with the nerve-tubes by means of a granular fibrous
mass. In his description of the Crustaceans, he says, for instance
(Il. . p. 325): »Le centre des ganglions est formé par des fibres
nerveuses d'un coté, des prolongements cellulaires de Tautre; ces
fibres et ces prolongements s¢ mélent intimement et forment un
plexus d'ou partent les nerfs.«

KOESTLER, in his paper on sdas Eingewcidenervensystem von
Periplanetas (1383), mentions the structure of the »Stirnganglions«
{Gangiion frontale). Of the minute structure of the fibrillar substance,
he says nothing, but that it exhibits seinen netz- oder geflechtartig
gestrickten Charakter,«  His opinion of the importance of this
substance he does not give; he seems to suppose the direct origin
of the merve-tubes in the ganglion cells to be the rule when he says:
»Ganz deutlich ist der Ursprung der Nervenfasern aus den Ganglien-
kugeln zu beobachten.« The ganglion cells are, in his opinion, all of
them, unipolar. Their relation to each other he does not mention,
he only says that from them »ausgehenden Nervenfasern gchen
nach der Punktsubstanz hin und fast regelmissig so, dass sich die
von mehreren Ganglienkugeln ausgehenden Fasern vereinigen und
dann gemeinschaftlich in die Punktsubstanz eintreten, =
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VIALLANES's voluminous papers (1884, 1885,-1887) on the nervous
system of Atheropods have not much interest for our present re-
searches, as he has paid no special attention to the minute structure
of the nervous elements. Regarding the structure of the dotted
substance, he only quotes the general opinions of other authors,
and seems, especially, to believe in the descriptions and views
afforded by Krieger and Vignal. The nerve-fibres (he distinguishes
between three kinds: fubes nervenx, fibres fibrilloides and fibres
filifermes) have no  direct origin in ganglion cells, neither have
the ganglion cells any direct combination with each other. Of
the dotted substance (substance ponciuée) he says for instance (l. c.
1884 p. 14): »Cest d'elle que tous les nerfs tirent leur origine,
c'est dans clles que les prolongements des cellules ganglionnaires
viennent tous sc jeter. Ainsi les cellules ne peuvent communiquez
entre clles, les nerfs ne peuvent communiquez avec ces mémes
cellules que par l'intermediaire de la substance ponctuée.«

Bonmic (1884) has himself given the following summary of the
results of his investigation of the dotted substance ete. of the Gastero-
pods.  »Dic Markmasse wird von einem Punktsubstanzballen gebildet.
Unter Punktsubstanz hat man ein inniges, filzilnliches Gewirr von
Primitivfibrillen, aus welchem die Zellfortsitze gebildet werden, 2u
verstehen,  Aus der Punktsubstanz  gehen die Nerven durch cine
parallele Anordnung der erst wirren Primitivibrillen hervor. Durch
cindringende Bindegewebssepten werden die Fibrillen zu secundiiren
Biindeln vercinigt. Eine directe Uebergang von Zellfortsiitzen i dic
Nerven, also ohne vorherige Auflosung in der Punktsubstanz, kommt
var; und zwar fast bei allen Nerven, Jedoch ist dicse Erscheinung
seltens (L c. p. 45).  As will be seen, this view is somewhat similar
te that of SoLBRIG; the neree-fibres may have a diveel origin as
well as an indirect one.

PACKARD (1884) makes, in my opinion, some very interesting
statements regarding the structure of the brain af Asellus comnamnis,
As to the structure and importance of the dotted substance, or
»myeloid substances as he calls it, he does not think himsclf in
a position to say anything with certainty.  He says of it (l. c
1884 p. 0): »This latter substance does not exist in the nervous
system of the vertebrates, and just what its nature and function
clearly are in the invertebrates has vet to be worked out.« »His
own opinion from what little he has seen is, that the myeloid sub-
stance is the result of the splitting up into a tangled mass of very
fine fibrille of certain of the fibres thrown off from the mono-polar
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ganglion cells, i. e, such fibres as do not go to form the main
longitudinal commissures.«  As to the origin of the nerve-fibres, and
their relation to the dotted substance and the ganglion cells, it will,
already, from what is just quoted, be seen that Packard does not
quite agree with Leydig; 1. c. p. § he says for instance: »therc
is no doubt but that all the ganglion cells give rise to fibres, some
of which at least pass directly through or above or around the
myeloid substance of the cerebral lobes and form the commissures
(i. e, the transverse as well as the longitudinal ones). This indepen-
dence of the myeloid substance appears to be more general in the
Assellidae, at least this we would infer from Leydig's statements previ-
ously quoted.« Packard even thinks it to be »little doubt but that in
all Arthropoda certain nerve-fibres arising in the pro cercbral lobes
(from ganglion cells) pass uninterruptedly to the last ventral ganglion«
(i. e., through the whole central nervous system).!) A great many
puripheric nerve-fibres, he supposes, however, to originate in the way
which Leydig has indicated; he says that in the »myeloid substancee
a great many processes from ganglion cells become  sbroken up
into a tangled mass of fibrille, which unite finally to form the fibres
constituting the nerves of the appendages.«  Whether he supposes
all peripheric nerve-fibres to originate in this way, or not, I have not
understood from his deseription.

FRrRAIPONT (1884) affords some interesting informations regard-
ing the histology of the nervous system of the Archeannelids.
Judging from his description, I think there is no doubt, but that
the central nervous system of these primary Annulates has o
histological structure which is,
as that of the central nervous system of higher  Annulates,
Arthropods and other invertebrates, to be treated of in this
paper.  He distinguishes  between  two  constituents, an external
layer of ganglion cells and o central  fibrillar mass; for  the

principally, of quite the same type

latter he uses various designations: wsubstance fibro-nerveusese,
ssubstance ponctuées, ssubstance nerveuse fibro-ponctuces, »mass
finement ponctude et fibrillaire« ete. It is evident that he sup-
poses this mass to consist of a web of slender fibrillae; L oc. 1884
p. 207 he says, for instance: »Figure 3 (pl. XI), on peut voir au
milieu des cellules ganglionnaires les sections trausversales ou obliques

"' As will be seen in omy memoir on Myzostoma (18835), p. 35 & 73, 1
have expressed mysell in very similar terms upon this subject, and have said that
I believed similar longitudinal nerve-fibres ete. to be generally present in Annelids
and Arthropods.



de fibrilles trés minces mélées a une substanse finement ponctuée. «
Whether he considers these fibrillz to spring from the processes of
the ganglion cells, he does not distinctly say, though I suppose this
is his opinion. The ganglion cells, he says, generally send their
processes into the fibrillar mass, and here they can sometimes be
traced only for a short distance, sometimes he has seen them,
even, penetrate the whole fibrillar mass of the ventral nerve-
cord (»dans toute son epaisseur«). Whether he supposes a direct
origin of the nerve-tubes in ganglion cells or an indirect one, T am
not quite sure. In the head of Polygordius he describes two masses
of ganglion cells in which »émerge un faisceau de fibrilles nerveuses
formant un gros nerf qui constitue l'axce de chaque tentacule« (I c.
p. 203). P. 270 he says: sBeaucoup de prolongements de ces
cellules pénetrent dans la masse fibrillaire et contribuent a la forma-
tion du faisceau longitudinal; d'autres traversent verticalement la
region fibrillaire.«  Of the tentacular nerves of Protodrilus and Sacco-
cirrus he says, however, that they take their origin »de la masse
centrale fibro-ponctuce du cerveau.:  The same he, also, says of the
COmmMmissures.

VEJIJO\':SR{'. in his Monograph on the Oligochaetes (1884), gives
us no distinct description of our subject though he mentions it rather
circumstantially. The fibrillar »Punktsubstanz« he describes as con-
sisting of slender nervous fibrillae.  OFf the fibrillar mass of the ventral
nerve-cord he says, for instance, that it »aus feinen, nur in der Lings-
richtung  verlaufenden und  dicht neben und aneinander licgenden
Nerventibrillen besteht die bald einen gleichen kaum mchr als cinen
Bruchtheil eines Mikromillimeters erreichenden Durchmesser haben,
bald, und dies in der grisseren Anzahl in der Mitte mit einer
spindelformigen Anhiufung eines feinkornigen Plasmas verschen sind
(Taf. VIII, fig. 2. Weder eine besondere Membrann, noch ein
Kern kommen an diesen, wohl den letzten nerviisen Formelementen
zum Vorschein; indem sie, wie wir spiter unten crkennen werden,
dem Zerfall ciniger wenigen urspriinglichen Ganglienzellen ihre Ent-
stehung verdanken.«?) This description is written from observations
on the living animal. Vejdovsky does not mention any interfibrillar
substance like Hermann, and others, it is, therefore, very difficult
to say whether he has seen the sheaths of the nerve-tubes, and
described them as fibrilla like most writers, or if he has really seen
the nerve-tubes, but not observed their sheaths. 1 feel disposed te
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think the latter supposition to be the right one. — The relation of this
fibrillar substance to the ganglion cells, and to the peripheric nerves,
as also the origin of the nerve-tubes, Vejdovsky defines very
indistinctly, and I have not, indeed, succeeded in getting any clear
idea of his real opinion. Once he says that in Dendrobena he has
observed the processes of the ganglion cells penetrate into the
fibrillar substance where they subdivide »wiederholtenmalen in die
feinsten Fortsatze, um ein merkwiirdiges Fibrillennetz zu bewerk-
stelligen« (I c. p. 9o). +Diese Fibrillen sind jedoch ganz anderer
Art als die jenigen, welche in der Lingsaxe des Bauchstranges ver-
laufen. Sie stellen namlich keine selbstiindigen Elemente vor, sondern
entspringen aus den Ganglienzellen in denen bereits iiltere Forscher
eine fibrillire Anordnung der Plasmaclemente sichergestellt haben.«

How this ought to be understood, and what the importance of
»diese Fibrillen« is, in Vejdovsky's opinion, I certainly can not tell.")
Afterwards he tells us, that in other species of Oligochefes and
especially in the larger ones, he has observed the ganglion cells
send their processes directly into the fibrillar substance to form
squer und schrag verlaufende Fibrillenbiindels.  The relation of these
»Fibrillenbiindel« to the nerves he does not mention, neither does he
say anything of the origin of the nerves, so far as I have seen; he
only tells us a little of the views of previous writers, especially Wil
Walter and Waldeyer, and it really looks as if he agrees with these
old authors.

SCHIMKEWITSCH, in his paper on »I'anatomie de I'épeires (1884),
has suplied no important adition to the knowledge of our present
subject. Like Viallanes, he refers to descriptions, by other authors,
of the structure of the »substance ponctuéc« the significance of
which he states to be very difficult to understand.  He supposes
the peripheric nervefibres to originate in this substance, and, thus,
he does not believe in a direct origin of the fibres in ganglion cells.

REMY SaiNt-Lour, in his paper on sl'organisation des Hirudi-
neese (1885), agrees with Vignal regarding the histology of the
nervous system and has therefore not taken up this subject for his
own investigations.

') P. 92 he says that of these fibrille ssich offenbar nur ein Theil an der
Bildung der fqueren und schrigen Fibrillenbiindel betheiligen.  Die iihrigen feinen
Fibrillen schlingeln sich zwischen der fibrilliren Substanz und dirften wohl znr
Entstehung besonderer Hohleiume wesentlich beitragen.«  These =Hohlriumes which
he describes as ameist kreisformige, farblose, undemlich contourirte Feldchens are
evidently nothing hut transsected nerve-tubes.
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Of the numerous papers on the invertebrate-nervous system,
which have appeared in recent times, we will only refer to a few.
The most remarkable work in the latest literature on this subject is
LEYDIG's 2 Zelle und Gewebe« (18835) which has been already mentioned.
There, he has modified, or to a certain extent changed, his previous
view of the dotted substance.  The fibrillar reticulation, which he and
others have described, becomes nothing but a spongy net-work of
supporting substance, spengioplasm, in the cavities of which the homo-
geneous, really nervous substance, hyaloplasm, is diffused; the gang-
lion cells as well as the nerve-tubes consist of the same substance.
The nerve-tubes originate in this way: the spongioplasm, which in the
central mass is quite diffusively arranged, unites and forms longitudinal
fibres and sheaths which envelope the hyaloplasm like tubes; any
isolation of nerve-tubes or fibrillz in the central dotted substance
can thus, as a rule, not arise. It will be scen that this is a rather
radical revolution in the views of most histologists. To a certain
extent, in respect of the supporting substance of the central mass,
it certainly reminds somewhat of Claus; in all other respects, however,
Leydig holds a view quite different from that of the author named.

PRUVOT's view [1885) of the dotted substance or »matiére
ponctuées seems to be of a somewhat peculiar kind; he has not,
indeed, succeeded in finding its real nature. In the brain, he de-
scribes it in the following way (L c. p. 232): »Clest unc matiére
homogéne, refractaire aux colorations, offrant un fin pointillé qu’ un
grossissement suffisant permet de resoudre en petites granulations
regulierement espacées ot traversée sculement par quelques rares
fibres anastomosées qui proviennent de la substance corticale.«
What these »granulations= and »rares fibres anastomoscess really
are in Pruvot's opinion, I dare not say, [ think it is evident that his
powers of magnification have not been sufticiently high.

In his »conclusions générale« (. c. p. 323) he gives the follow-
ing summary of his researches on this subject: »En effet tous les
€léments fibrillaires nerveux (prolongements des cellules, fibres des
nerfs et des connectifs) traversent sans modifications la substance
corticale, mais au niveau de la substance médullaire se fragmentent,
se reésolvent en petites granulations d'abord trés rapprochées et dis-
posées en séries lincaires, qui s'espacent peu a peu et se perdent
au milieu des granulations voisines pour constituer la matiére ponctuée.
Cellesi est donc un intermediaire entre la cellule ¢t la fibre, entre
I'élément central et I'élément conducteur . . . .« As will be seen,
this is no very distinct description; his idea of the dotted substance
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scems to be somewhat similar to that of Vignal, and also to the
old one of Leydig. The nerve-tubes have no direct origin in gang-
lion cells, but always in the dotted substance. =:Ainsi les nerfs
prennent toujous leur origine réelle dans la matiére ponctuée et
toutes les fois quils semblent partir du milieu d'un connectif, qui en
est dépourvu ainsi que de cellules nerveuses, on peut étre assuré
quil n'y a la qu'un simple accolement de leurs fibres et qu'il en
faut chercher T'origine dans un centre supéricur ou inférieur.«

According to PruvoT the nerves have two roots. He says
(. e. p. 253): »Chague cordon (i. e. of the ventral nerve-cord) est
luiméme divisé cn deux et les nerfs de la chaine y prennent leur
origine réelle par deux racines, une antéricure et unc postérieure.
Les nerfs pédieux ¢tant chez les Annélides incontestablement mixtes
par leur fonctions, il ne serait pas impossible que l'une en représentit
la racine sensitive et l'autre la racine motrice.«

This is consequently something similar to what HERMANN and
others have already described in Annelids. NEwrorT has alrcady
described a similar arrangement by Insects 1834 (vide . c. 1834).

PoIRIER (18835) describes and illustrates the nerve-fibres of
the Trematodes as being tubes with a granulous non-fibrous con-
tents (containing nuclei and bipolar cells), but he docs not give
any distinct description of the dotted substance of the ganglia.
He calls it »une substance spéciale finement granuleusce. In his
opinion, it, however, includes nerve-tubes of which he says: »les
tubes nerveus du cerveau et de sa commissure sont remarquables par
le peu d'épaisseur de leurs parois et le faible développement de la
substance amorphe, qui réunit ces tubes et forme leurs parois.« He
seems, thus, to have partly recognised the real nature of the central
mass of the ganglia. Tt seems as if he supposes the nerve-tubes, as a
rule, to ariginate directly in the ganglion cells. Of the cells of the brain
he says: »Les prolongements de ces cellules nerveuses se continuent
directement, soit dans les divers nerfs qui partent du cerveau, soit
dans la large commissure transversale qui réunit ses deux lobes, et,
de la aprés avoir parcouru une partie du lobe opposé i celui dans
lequel ils ont pris naissance, ils pénétrent dans les troncs nerveux
qui en partente (l. c. p. 60s).

BELA HALLER, who, half a year later than Leydig, published his
paper on the histology of the nervous system of the Rhipidoglossa, may,
in certain respects, be quoted as a contrast to Leydig. According to
his description, the dotted substance — which he calls sdas centrale
Nervennetze — consists of a net-work of nervous fibrille, which by
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infinite anastomoses form minute meshes; these nervous fibrilla
spring from cell-processes, as well as from nerve-fibres. If Haller's
illustrations of the central »Nervennetze, are compared with Leydig's
of the dotted substance, the resemblance must certainly strike every-
body. The only difference is that, Leydig calls his reticulation a
spongioplasmic one, in the cavities of which the real nervous sub-
stance is diffused, whilst Haller calls his reticulation a nervous one,
the fibrilla of which are surrounded by interfibrillar substance. It
may indeed be the same so far, because in both cases there must
be a quite diffusive distribution of the nervous substance or nervous
reticulation in the central nervous system. The cell-processes which
contribute to the formation of this reticulation are, according to Haller,
those which do not directly unite with other cells, and which do not
directly form peripheric nerve-tubes; the latter he calls »Stammfort-
satze«. He even illustrates isolated cells with processes forming a
reticulation.

The nerve-tubes have fiwo modes of origin, some tubes originate
directly in ganglion cells, and are direct continuations of »Stamm-
fortsiitze«, other tubes originate in the central :Nervennetzs.

No previous writer has so decidedly and emphatically maintained
an infinitely anastomosing, reticular, character in the central dotted
substance.

At about the same time as Béla Haller, the writer of this
paper published a Memoir on the structure of the Myzosfoma and,
subsequently, a paper on the nervous system of the Aseidia and
Myzxire. We have there maintained views very similar to those
which will be laid forth here, and will therefore now refer to them
somewhat cursorily only. The dotted substance is no anastomotic
nervous net-work, but a complicated web or plaiting of nervous
fibrillaz or tubes. In transverse sections a reticulation is certainly
seen, it is, however, to a great extent produced, by the transsection
of the sheaths of tube-shaped fibres traversing, or rather forming, the
dotted substance; the reticulation is thus a rather apparent one and
is of a ,spomgioplasmic® nature. It is, consequently, the same
substance which Leydig has described under this name, but it has
not, in the writers opinion, the reticular structure he has ascribed to it.

Each cell has only one, really .nervous process®, if the cell
has several processes, then the other ones are protoplasmic pro-
cesses with a nutritive function. The @nervous processess pass
to the =dotted substances, and, there, they — either quite lose
their individuality and sub-divide into fibrillee, losing themselves in
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the fibrillar plaiting — or they maintain their individuality, and pass
through the dotted substance and into a perpheral nerve, forming a
nerve-tube. They have, however, no isolated course, and give off
extremely slender fibrillar branches to the fibrillar plaiting, on their
way through the dotted substance. The nerve-tubes have two modes
of origin, they — either spring directly from ganglion cells (without
isolated course as above mentioned) — or indirectly, from the
fibrillar plaited texture.

Franz von WAGNER (1880) who, at the same time as I myself,
has described the nervous system of Mysosfoma') supposes the
nerve-fibres or nerves®) fo have only an indivect origin; 1. ¢. in the
sPunktsubstanzs, which he believes to be »ecin dichtes Geflecht
feinster Fiserchen, welche aus der pinselformigen Auflosung der
protoplasmatischen Fortsitze der Ganglienzellen hervorgehen.  Aus
diesem maschigen Filz treten dic Nerven heravs.«  »Das schwammig-
netzige Gefiiges, which Leydig describes, in »Zelle und Gewebes,
v. Wagner has also observed; his opinion of the nature of this
substance he does not, however, give.

Towards the close of last year another paper by BELA HALLER
appeared. In it the author states his results of some investigations
on the structure of the nervous system of Annelids, Arthropods
{Tobanus bowvinus) and some Vertebrates. He compares these
results with his previous description of the nervous system of the
Rhipidoglossa. In the dotted substance of the latter he found
no conneclive tissue, the substance consisted, exclusively, of a central
nervons reticulation springing from the processes of the ganglion cells.
In those firstmentioned animals the case is different. In their nervous
system the dotted substance is formed by a reticulation of connec-
tive-tissue. as well as by a real nervous one.

This is a description very similar indeed to that which BELLONCI
already, some years ago, on several occasions. has given of the central
nervous system of Crustaceans as well as Vertebrates. Haller
seems however not to know this Italian author.

In his opinion the nervous system of the Mollusca represents,
thus, a very primitive state, being difficient in a reticulation of con-
nective tissue, itis in this respect like that of Coelenterates. In inverte-

') 1 have previously mentioned the memoir of Wagner in a paper on the
nervous system of Myzostoma, which will, I hope, soon appear in sJenaische
Zeitschr. fiir Nat.« 1887,

] *) v. Wagner docs not believe that the nerves of the Myzostomes are really
differentiated into fibres (vide 1. c. p. 48.)
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brates, as well as in vertebrates, he describes direct anastomoses
between the ganglion cells.

Haller also quotes the writer's papers on Myzostoma and
Ascidians ete.  As they are mostly written in Norwegian, he seems,
however, not quite to have understood them. — As will be shown
in this paper, Haller's supposition of no connective tissue in the
dotted substance of the nervous system of the lower Maliuses is
incorrect,

d) The comkbkination of the ganglien celie with each other.

Regarding the combination of the ganglion cells, two opinions
have especially been prevalent.  Either, a direct combination by di-
rect anastomoses is described, and asserted — or the existence of
such a combination is denied, the latter view is, strangely enough,
maintained by very few writers, and scarcely by any modern writer.
The former view is especially defended by WALTER and WALDEVER,
and is certainly, without comparison, the most prevalent view amongst
histologists, and has existed from a very carly periad.

Amongst its more modern adherents are HANS SCHULTZE,
Boumic, BELLONCI and others; a very zealous adherent is BELA
HALLER, who scarcely illustrates a ganglion cell which does not
anastomose with another.  According to this view, or rather theory
of a direct combination, there is a prominent disposition in papers on
the nervous system to find multipolar cells everywhere; Béla Haller
cven says, with VIRCHOwW, that the more closely the central nervous
system is investigated the less numerous will the unipolar ganglion
cells be, if they do not indeed quite disappear. The fact is, that
multipolar cells and direct anastomoses were necessary to the theory
of the combination of the nervous elements and the producing of
reflex-movements, and what it is necessary to find to support our
theories is very often too easily seen.') As a consequense of this,
there are very few writers who have ventured to deny direct
combinations or anastomoses between the ganglion cells.

Amongst those who have expressed themselves most em-
phatically as to their non-existence, we may rank BUCHHOLZ and
SOLBRIG, who in opposition to Walter and Waldeyer quite decidedly
deny any direct combination. The combination between the cells is

") It may here be mentioned that the sneuroglia-cellss and fibres, which are
interposed Letween the ganglion cells, have certainly assisted a great many wrilers
to see anastomoses, as they have not understood the real nature of this supporting

lissue.
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according to both writers produced by the »feinsten Fasersystems«
in the dotted substance,

Craus (1879) seems not disposed to believe in a direct com-
bination, neither VIALLANES, F. v. WAGNER and others.

The writer of the present paper has, also, on several previous
occasions firmly denied a common existence of direct combinations
between the cells, not having found any case of indubitable anasto-
moses between cell-processes.

As the present paper is just about to be completed, a memoir by
Dr. BERNHARD RAWITZ on »Das centralen Nervensystem der Ace-
phalen« appears in last volume of »Jenaische Zeitschrift«. As it
treats of our subject, [ will mention it here,

First, it may be said that the powers of magnification used by
Rawitz do not seem to have been high enough, which he also
states himself; to this circumstance may perhaps be ascribed some
of the results at which he has arrived.

Regarding the structure of the ganglion cells, Rawitz supposes
like Buchholz, Hermann, Freud and others, their contents to con-
sist of two substances, »von den der eine eine netzformig angeord-
neten der andere eine Zihe unter Umstinde dlartige Tropfen bildende
Substanz ist, die in den Maschenriumen der ersteren suspendirt
ist.«  Rawitz's mistake regarding Buchholz's description of the
protoplasm of the ganglion cells, we have already before mentioned
(note on p. 32). He is not sure whether the reticulated substance is
the real nervous one or, »ob man nicht vielmehr die in Tropfen aus-
fliessende Substanz als die eigentlich nervise, die netzformige (Buch-
holz's hyaline) nur als Stiitzsubstanz anzusehen hat, will ich defini-
tiv nicht entscheiden, mochte aber die letztere Auffassung der
Buchholz'shen vorziehen.« As mentioned already, this comparison
with Buchholz is quite misleading, Rawitz has indeed just the
same view as Buchholz regarding the hyaline substance, {(»in
Tropfen ausfliessende Substanzer, Buchholz's shyaline Grundsub-
stanze) which Buchholz decidedly supposes to be the really nerv-
ous one (cfr. my report of Buchholz p. 32). As will be seen from
my description, I agree with Buchholz and Rawitz in this respect.

Rawitz does not think a fibrillous arrangement in the cell to
be very probable.

It is very strange, indeed, that Rawitz seems not to know
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LevyDIGs work: , Zelle und Gewebe®, which appeared, at least, onc
and a half year previous to Rawitz's paper, and is mentioned
by Haller in his paper on the Rhipidoglossa; a paper which is
quoted by Rawitz. It is so much the more strange, as Leydig in
this work describes the protoplasm of the ganglion cells quite simii-
arly to Rawitz.

Regarding the shape of the ganglion cells, Rawitz describes
unipolar, bipolar and multipolar cells; apolar ganglion cells do not
exist; neither has he observed cells with processes originating in the
nuclei or nucleoli.  The largest cells of all the three kinds occur in
the visceral-ganglion, and are motoric, »homolog und analog den
Vorderhornzellen im Ruckenmarls der Vertebraten.«

»Unipolare Zellen im Sinne der alten Histologie« do exist, as
well in inverfebrafes as also in the spinal ganglia of vertebrates, as
previously proved by the same author. That Leydig (1865) denies
the existence of such cclls is of but little importance; »denn einmal
hat Leydig in der citierten Arbeit (vide list of literature 1865) dic
Ganglien nur in toto, nicht an Schnittserien studiert, und dann leug-
nen dic Physiologen uberhaupt das Vorkommen von nervisen Zellen
die nicht mit anderen Zellen in direkter Verbindung stehen, weil dies
mit der Theorie nicht in Einklang zu bringen ist. Darauf aber
kommt es allein an: ob es wirklich nervisse Zellen gicht, dic mit
benachbarten Zellen nickt in direkter Verbindung stehen. Ob der
Fortsatz sich weiterhin teilt, in cin Geflecht feinster Reiserchen sich
auflost, ob dieses Geflecht mit ahnlichen anderer Zellfortsitze eine
netzformige Verbindung eingeht, ist vollstindig irrevelant. Es sci
denn, dass man annimmt, jede einzelne Fibrille kiimnte gleichzeitig
zentrifugal und zentripetal leiten. — Nun giebt is aber nicht bloss
solch’ unipolare Zellen, welche nicht mit anderen in unmittelbarer
Verbindung stehen, wiithrend der Fortsatz sich in feinste Reiserchen
rerspaltet, sondern ¢s giebt auch solche, deren Fortsatz ungeteilt in
den aus dem Ganglion entspringenden peripheren Nervenstamm diber-
geht=') In another place (p. 410) RAWITZ also says: »Die Phy-
siologie mag sich striwben, so viel sie will, sie muss mit der Fxistenz
wirklich unipolarer Zellen im Sinnc der alten Histologie rechnen.e
How much my view differs from that of Rawitz will, T suppose,
become evident from my description in this paper (vide sequel), as
also from my previous papers on Myzostoma, Aseidians etc. What
15 above quoted is, T think, enough to show into how many dilemmas

loe p. 408—400.

_104_



the old physiological view of the function and combination of the
nervous elements has brought histologists.

Rawitz divides the ganglion cells according to their processes
into different kinds, as this, however, in my opinion, is of but little
importance I shall pay no further attention to it here. This much 1

shall only say, that, what he calls »Schaltzellen« — which are mul-
tipolar cells having only »protoplasmic processess (cfr. sequel) and
situated only in the central »Nervennetze!) — are in my opinion

not at all ganglion cells, but cells belonging to the neureglia.

Rawitz denies the presence of any connective tissue inside the
outer neurilem-sheath; this is the more surprising as on the one
hand neuroglia-cells, according to my investigations, occur in great
pumber in Molluses, and on the other hand he himself, besides the
»Schaltzellenz above quoted, describes (p. 422) and illustrates (fig. 79)
some, in his opinion, remarkable corpuscles from the cerebral gang-
lia of Unio pictorum and Anodonta anatina. He has not been able
to understand the significance of these corpuscles; he calls them
sgeschwiinzte Kerne«. [ do not think there can be much doubt,
but that they are the cells which Buchholz has also mentioned, and
which I describe as newroglia-cells in the sdotted substancez. They
have, certainly, quite the same appearance and shape.

Rawitz describes numerous direct combinations between the
ganglion cells of different kinds. These statements are, however, of
but little importance to me, all much the more that Rawitz has not
employed for his investigations lenses of very high powers or ho-
mogeneous immersion ; his observations cannot therefore be considered
as quite reliable in all respects, and especially not in these, where
the best lenses are decidedly quite necessary, if you are to obtain
a position to be able to state anything with certainty.

The processes of the ganglion cells have, according to Rawitz,
numerous »varikilse Anschwellungene, from which extremely slender
fibrillz very often issue.

The cell-processes he divides into three kinds according to
their course:

1) , Stammfortsitze®, »die direkt und stets ungetheilt zum peri-
pheren Nervenstamm gehen.«

2) ,Markfortsilze* which penetrate into the =Marksubstanzs,
and are, there, broken up into fine fibrillz.

1) sln welches sic eingeschaltet sind, um es in seiner Funktion zu verstirken,
und das sie mit ihren Fortsitzen bilden helfen.s
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3) »Protoplasmafortsitze® which produce the combination of the
ganglion cells with each other. They have the same appearance as
the cell protoplasm.

The »Stammfortsitze« are rare and only occur in unipolar cells.
The sProtoplasmafortsitze« occur in bipolar and multipolar cells as
well as also in the smallest unipolar ones, which should, conse-
quently, completely want »Mark«- or »Stammfortsitzes,

In his description of the »Markfortsitze: he expresses himselt
somewhat indistinctly. sMarkfortsidtze«, he says p. 416, occur in all
cells, besides those which have a »Stammfortsatze, and this he says
after having just described cells wanting »Mark«- as well as »Stamm-
fortsitze«. At one point he says: »Die geminipolen Zellen (conse-
quently bipolar cells) haben nur Markfortsatzes. Immediately after-
wards he says: sKeine Zelle hat zwei Markfortsitze, sondern immer
nur einen« (L. ¢. p. 416). How this is to be understood is not, |
think, very easy to say.

Immediately afterwards he says, again, that »die oppositipolen
Zellen (consequently bipolar cells) sind diejenigen Gebilde, welche
noch am ehesten als solche betrachtet werden kinnen, welche zwei
Markforsatze haben. He is, however, disposed to »auch bei Everte-
braten wie bei Vertebraten (cmfr. his previous paper 1883 Arch. f.
mikr. Anat. XXI) die oppositipolen Zellen als Nervenzellen sensu
strictiori nicht anzuerkennen, sondern sie nur als kern- und proto-
plasmahaltigen Interpolationen der Nervenfortsitze resp. -fasern zu
erklaren.c A view in which perhaps I, to a certain extent, can agree
with him; though I have only succeeded in finding extremely few
similar cells or formations.

Rawitz describes, in the Acephales, an arrangement of the cells
somewhat similar to what I, on previous occasions, have mentioned in
Ascidians etc. In the outer layer, unipolar cells exclusively occur, in
the middle layer, all kinds of cells, unipolar, bipalar and multipolar ones,
and in the inner layer, close to the »dotted substances multipolar
cells principally occur. This is, as I have previously declared, in
the closest relation to what I call the nutritive function of the
protoplasmic processes, and it has not, in my opinion, the significance
which Rawitz ascribes to it.

»Der Markfortsatz oder Hauptfortsatz der multipolaren Ganglien-
zellene, of the Acephales are, according to Rawitz, »das Homologon
des Deiters'shen Fortsatze der polyklonen Ganglienzellen im Vorder-
horn des Riickenmarkes der Vertebraten.« And he believes it to
be »morphologisch durchaus nebensichlich, ob, wie bei dem Axen-
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cylinderfortsatz der Wirbelthiere, ein direkter Uebergang, oder, wie
bei dem Markfortsatz der Acephalen, ein indirekter Uebergang zur
Peripherie durch Vermittlung eines interponierten Netzes stattfindet.«
He believes, thus, the unipolar, »geminipolens and »pseudobipolarens
cells to be the only ones from which »eine nerviise Erregung aus-
gehen, resp. in denen sie allein perzipiert werden kanne, whilst the
multipolar cells are »Sammelorte fiir diese Reize: and the »oppositi-
polen« cells must be considered as »Fascranschwellungene (videl. c.
p. 422).

Regarding the structure of the »dotted substances, he arrives at
the result, after having mentioned some previous writers: »dass nur
HALLER die Struktur der Marksubstanz erkannt hat, DIETL dieselbe
zu ahnen schien, wihrend alle iibrigen Autoren sich mit Bemerlkun-
gen wie =Filz [einster Faserne, »Gewirr feiner Fiserchen« etc. ab-
finden.« If RawrTz had known works such as, forinstance, that of
HErMANN, which he does not seem to know, he would certainly
have aknowledged that, also, other writers have tried, and not quite
without success, to penetrate into this difficult subject. Rawitz's
observations are even in some respects very like those of Hermann.

RawiTz adopts Dietl's designation »Marksubstanze, as it is, in
his opinion, more characteristic than »Punktsubstanzs, which he even
declares to be incorrect; the reason why he does not, however,
say. Upon the whole, I think it a very doubtful thing to give
new designations where an old and well known one is present
and generally used, which is the case here. [ think it the morc
so when the new designation can scarcely be said to be a more
characteristic one as to the structurc; that it is so as to the contents
does not even seem to me to be quite evident. »Marksubstanze is
not used for the same reason that Dietl uses it, viz. because it is
situated in the »Marks or centre of the ganglia, but because it,
according to Rawitz, contains »eine nervenmarkihnliche Substanz,
welche unter gevisse Bedingungen dic characteristischen Erscheinun-
gen des Myelin darbietet.« That it really is *Marke or ayeline
Rawitz has observed, I do not think is at all proved in his descrip-
tion; why may it not be a substance similar to the hyalin substance
of the ganglion cells, and, indeed, I supposc it to be the samc,
though one, certainly, a priori, may feel disposed to suppose
myeline, or a similar substance, also to be present, even, if not in
the way supposed by Rawitz, i. e. diffusively extended in the meshes
of the net-work described by him and Haller.

Of the structure of this central »Nervennctz: he gives a de-
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scription quite similar to that of Haller. It is a anastomotic net-
work of slender fibrille, which is diffusively extended through the
whole dotted substance, and which is formed by the :Markfortsiitze«
of the ganglion cells, as also by the »Schaltzellen«, mentioned above.
The only difference between Rawitz's and Haller's descriptions is:
that Rawitz ascribes to his »Nervennetz« numerous »Varikosititens,
whilst Haller does not mention anything similar; they occur at the
points where the fibres forming the meshes unite; they appear »im
mikroskopischen Bilde als dunkle Punktes; and they are real vari-
oceles and not merely optic products (1. c. p. 429). Besides this
sNervennetz: and the snervenmarkihnliche Substanze there is, in
the »Marksubstanz:, a third constituent, i. e. slender fibrillae which,
in macerated preparations, may be isolated for long distances, and
which are also varicose.  =Sie sind ausserordentlich schmal aber
nicht smaler als die peripheren Fibrillen. . . . . Sic stellen das Pro-
dukt des centralen Netzes dar, aus dem sie sich . . . durch Ver-
schmelzung von 2 oder hichstens 3 Netzfibrillen entwickeln.« . . .
2Die Fasern sclber treten durch die Maschen des Netzes hindurch,
um vom ihrem Bildungsort zur Peripherie zu gelangen und werden
wohl durch die markahnliche Substanz von den Fibrillen des Netzes
isolirt.« Strange to say, RAWITZ supposes, here, the importance
of this substance to be only isolation, whilst the substance he
found in the ganglion cells, and which he suposes to be similar to
this one, ought, in his opinion, to be considered as the real nervous
substance strictly speaking, and the reticulation in the cells a sup-
porting substance; that is conscquently quite a contrary view.

According to RaAwITZ, connective-tissue occurs neither in the
central nervous system of the Acephales nor in their nerves inside
the outer sheaths, and in spite of this statement he describes cells,
occuring in the nerves as well as in the central nervous system, so
strikingly similar to those of the neuroglia, or inner neurilem, that
I do not think there can be much doubt about their identity (e. g.
comfr. his sSchaltzellen«, »geschwinzte Kernes, round nuclei and
oblong nuclei in the nerves ete.).

Regarding the structure of the nerves of the Acephales he says
that sdie Nervenfasern einfach cin primires Biindel von Axenfibrillen
sind.« This is, in my opinion, a mistake, in which he, however,
agrees with HALLER and other writers.

Rawitz wonders that HALLER did not know the paper by
BELLONCI on the »Tectum opticum der Knochenfische« (Zeitschr. f.
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wiss. Zool. Bd. 35) but at the same time he, himself, does not seem
to know the papers by Bellonci on the nervous system of inverte-
brates, which would scem to be of even higher importance to his
investigations.

I think it is, indeed, also very strange, that neither Rawitz nor
Haller (nor most modern writers) are acquainted with the exellent
papers on the central nervous system of vertebrates by GOLGI,
they quote a great many other and less important writers, but they
do not seem to know this eminent histologist who, in my opinion,
has really itroduced a new epoch in our researches into the strue-
ture of the nervous system.')

If we look back at this review of the literature and compare
the statements of the various authors with the results of my in-
vestigations, it will be seen that in most respects, and these also the
principal ones, I can scarcely agree with any of them; the author to
whose views I feel most related is LEVDIG. As to the nerve-tubes
and ganglion cells, we have scen that almost all writers, except
Leydig, who describe a fibrillar structure suppose the nerve-tubes
to consist of nervous fibrille and inferfibrillar substance, and in the
ganglion cells most of them describe a similar structure, whilst some
writers describe a reticulation.  Only LEYDIG has decisively expres-
sed himselfin favour of the »interfibrillar substance«, hyaloplasm, being
the real nervous substance, whilst the fibrille should belong to a sup-
porting substance, spongioplasm.  As to the dotted substance, we have
seen that most writers who have seen a reticulation or fibrilla ete.
in it, have agreed in calling the reticulation a nervous one, and the
fibrille nerve-fibrillaz.  Some writers have certainly described a nervous
reticulation as well as a rcticulation of connective-tissue, but LEVDIG
is the only writer who has decisively said that the whole reticulation
was of supporting nature, and that the real nervous substance was
the homogeneous one extended in the cavities of the reticulation.
Though T do not agree with Leydig, he is, however, the author to
whose views my observations are most related, the points in which
we essentially differ will be seen in the description of my investigations.

') Haller certainly quotes from ['mger a paper by (Golgi, this is, however,

an old paper (1872) and is relatively of but little importance when compared with
Golgi's later publications.
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2. The material examined.

For my investigations I have used representatives of different
groups of invertebrates as also vertebrafes, 1 have chosen classes as
little related to each other as possible, partly, in order that if I found
uniformity in these classes as to the histological structure, the ob-
servations might be assumed to be of general importance to the
whole animal kingdom, excluding those lower classes which have
not, yet, got a relatively more developed nervous system. The
Echinoderms and Coclenterates I will pay no attention to in this
paper, as I intend to keep them for a separate paper.

As a representative of the lower Molluses I have chosen Patella
witlgata, it being a large species which I could obtain in abundance
in the neighbourhood of Bergen.

Of Chetopodes 1 have examined different species of Nereis, as
well as, also, species of other families, e. g. Leanira, Nephtys etc.

Of Oligocheetes 1 have investigated Lumbricus agricola.

Of Crustaceans | have particularly investigated the Homarus vnl-
garis, as also, occasionally, Nephrops norvegicus and some Amphipods.

Of Ascidians 1 have had for my investigations specimens of
Phalusin wmentula, Ph. obligna, Ph. venosa, Ph. prunum, Ascidia
scabra, Corelln parallelogramma, Ciona infestinalis and species of
Cynthia.

Of wertebrates, it is especially those from the lowest stage of
cvolution, viz. Amphiorus lanceolatus and Myxine glutinosa to which
I have paid attention. [ have, however, also, examined other
vertebrates e. g. Gadus wmorrhua, Tinca vulgaris, Rana temporaria,
Mus musculus, Felizx domesticus, Homo sapiens and even Balenoptera
rostrata.

As, however, I intend to write a separate paper on the nervous
system of the vertebrates, [ will not pay much attention to these
investigations on higher vertebrates in this paper, only so much may
he said, however, that I, every where, have found the most beautiful
uniformity in relation to most of the observations reported in this
paper.

As to the vertebrates, T shall confine myself to mention some
observations  on Amphiozus and Myzine. 1 got Amphiozus in
abundance at Naples where, by Prof. DolRN's extraordinary gen-
crosity, I was allowed to study at the zoological station, in the
spring of last year in spite of Norway having no working table at
the station.  Quite recently [ received a package from that station
containing numerous specimens of Amphioxus most excllently pre-
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served, in different ways, by SALVATORE Lo'Braxco. For this, and
many other services, it is a pleasant duty to return Prof. DOHRN
my most sincere and grateful thanks.

Myzine 1 have had in abundance from the neighbourhood of
Bergen (Alverstrommen).

3. Methods of Investigation.

If my researches, in several respects, contribute somewhat to
advance our knowledge of the minute structure of the nervous ele-
ments, as [ hope they will, and although I, in several respects, have
arrived at results very different from most other writers, I think
that must principally be ascribed to my methods of investigation, and
especially to the methods employed for fixing, hardening, and staining.

I have employed fresh isolated preparations, as well as macera-
tions and sections.

The fresh preparations were, usually, either examined in larger
pieces (commissures or nerves) in the blood of the animal as re-
commended by FREUD (1882) or they were made in this way;
the structures (nerves or ganglia), were taken as rapidly as possible
from the living animal, and then by help of fine needles ) were
teased in the blood of the animal, and afterwards examined as quickly
as possible.  Very often, also, T took as thin sections as possible
from the fresh animal, examined them in blood, or teased and
isolated the elements from them, by help of needles, in the same
fluid. The last method is especially to be recommended for such
Molluscs, e. g. Pafella, as have the pedal nerve-cords and nerves
imbedded in the strong muscular mass. A perfect isolation is,
however, as a rule, not possible in this way, and therefore macera-
tion becomes necessary.

The fluid recommended by B. HALLER is not bad for the purposc.
It consists of a mixture, acetic acid 5 parts, glycerin 3 parts, Aqua dest.

') For this purpose [ would especially recommend glass-needles, which are,
I belicve, originally recommended by Strieker. They are cleaner, smoother and,
in several respects, better than any metal-needles. They are, certainly, easily hroken,
but they are, also, on the other hand, very ensily made from a glass-rod, with the
#id of o gasjet. I the hairlike extremity of the necdle is passed through the
flame before use, a very good point is obtained, blunt enough not to break or e
the elements when cautiously isolated, hut still very fine and pointed, allowing the
most delicate mauipu!ntiun,
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20 parts. I treated the structures, cut into as small pieces as possible
with this fluid for one. or several hours (sometimes even for a
whole day), then teased them in glycerin (30 %,) and examined;
or washed out, and stained with ammonia-carmine or picro-carmine; or
diluted hematozylin (DELAFIELD's solution) which T, for many purposes,
can specially recommend, as it gives a very distinct staining, and
the isolation 1s not very difficult afterwards.

This HALLER's maceration-method is very convenient in many
cases, and is an extremely quick one; the isolation is often possible
in less than one hour, and in such quickly isolated (or stained and
isulated) preparations no change of import in the form or structure
of the elements was perceptible.

Another, and for some purposes still better, method is with a
weak solution of Aleohol. I tried different dilutions from RANVIER's
sAlcohol au tiers«') (30 %,) down to aleohol of 25 Y, or 20 9%,
and even 17 Y%, (as recommended by SovLeriG). I have found the
weaker solutions especially very good. The structures — freshly
cut sections or pieces (always as small as possible however) —
were macerated for one or several days, sometimes even weeks,
then stained in ammonia-carmine diluted with an equal quantity of
macerating fluid, for 24 hours, and teased in glycerin of 50 Y.
Piero-carmin and DELAFIELD's hematoxylin were also employed as
staining agents, the latter agent gives, also, here, when employed
for a short time, good results.

I usually stain before teasing or isolating, because I think it
much more practical, and when one is careful not to employ too
strong solutions, and to dissolve or dilute the staining colours in the
macerating fluid when possible, it does not at all disturl the facility
of isolation in any notable degree.

After having teased the sections or small macerated pieces in
glycerin, T always protect them with coverglasses on wax-feet, in
order that I may improve the isolation, il not sufficient, by careful
knocking on the coverglass with a pencil, or a needle.

Besides the above mentioned methads I have, of course, also

') How Rawitz arrives at the conclusion he mentions, that Ranvier's
sAlcohol au tierse, which consequently is about 30 /., preserves less perfectly
than the dilution recommended by himself, which contains about 25 "/, alcohul
or less, and how he, in the latter fluid, can keep the preparations for & weeks

- 112 -



employed the classical, diluted solution of potassium-bichromate
(0.03—0.1 %,). Maceration in this fluid for several days, and stain-
ing in ammonia-carmine diluted with or dissolved in the macerating
fluid!) gives very good preparations. A shorter staining with diluted
hematoxylin may also be recommended. Upon the whole, macera-
tion in potassium-bichromate is a method which cannot possibly be
omitted, if the most delicate structure is intended to be disco-
vered and explored with good results; it is certainly one of the
oldest methods but also one of the best.

By the use of ammonium-bichromate, in very diluted solution
(0.03—o0.1 %), results are, I think, obtained very similar to those
obtained by potassium-bichromate. The difference is, at all events,
not so great as to make it necessary to dwell upon it herc.

A maceration-fluid which is, I think, for many purposes very
good, is that originally suggested by LANDOIS, and subsequently
recommended and described by GIERKE.?) It consist of a mixture
of: chromate of ammonium (concentrated solution 1 part), phosphate
of potassium (conc. sol. 1 part), sulphate of sodium {conc. sol. 1 part),
Agtia dest. (20 parts).

The sections or small pieces are macerated for onc or several
days, then stained with ammonia-carmine, picro-carmine or diluted
hematoxylin. The dilution of ammonia-carmine with this macerating
fluid, as recommended by GIERKE, is, according to my experience,
not possible, as the carmine is precipitated. The isolation by this
method is a very perfect one. The more delicate structures are
however, slightly visible, as they become too transparent.

The most important thing in researches upon the histology of
the nervous elements is, beyond comparison, to get good sections from
well fixed and stained preparations. This is, no doubt, the surest
and most decisive method. A very careful preparation is, here,
however, of the greatest importance.

A splendid fixing, and at the same time hardening, agent is the
chromo-aceto-osmic acid (FLEMMING's strongest formula), which for
our purpose affords really excellent results. I have employed both
of FLEMMING's formul® and think the strongest one the best. It is:

Chromic acid . . 1 Y, 15 parts
Osmic acid . . . 29, 4 =
- Acetic acid . | . I+ or less.¥)

') As recommended by Gierke (1885, Arch. mike. Anat. Bd. XXV p. 447).
) L c. 1885 p. 446.
") Flemming : Zeitschrift f. wiss. Microscopie Bd. I 1884 p. 349.
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I treat as small pieces as possible with the fluid (in not too small
quantities) for 12 to 24 hours, or sometimes even longer (2—4 days),
they are then washed and may now, directly enclosed in paraffin (not
imbedded), casily be cut, under water or alcohol, on the microtome; if
necessary the pieces may also be hardened in alcohol. If cut with
a sharp knife, one obtains in this way really brilliant sections. I
have even got sections only .005 mm. thick. The sections are
stained in different ways, carmine, hematorylin (DELAFIELD's, WEI-
GERT's or HEIDENHAIN's solutions) or coal-tar colours (eosin, nigro-
sin, methylen-blue, etc.), or combinations of these different staining
methods are used.

As a, for many purposes, really excellent combination, it may
be recommended first to stain' the sections in an aqueous solution of
hamatoxylin (', *%/,) for some hours or longer, then wash out and
treat the sections for a day (or longer) in a solution of potassium-
bichromate (.5—1 Y,); afterwards, wash out again (not too much)
and stain in DELAFIELD's hxmatoxylin'); if overstained, decolour in
water to which a few drops of acetic acid have been added. The
sections are examined in glycerin (50—100 Y,) or in canada bal-
sam. The preparations obtained in this way are, indeed, in many
respects superior to any others.

As however the method is certainly somewhat complicated, I
prefer, when possible, to stain in toto. This affords very good results
when the pieces are sufliciently small, and are treated carefully. In
this case, of course, a longer time is necessary for staining, de-
pending on the size of the pieces. DELAFIELD's hematoxylin I generally
employ very diluted, for staining in toto.

Another method, which affords excellent results for some pur-
poses, is fixing and hardening in alcohol gradatim.  Especially
for Annelids, it is very good first to narcotise the animals, by
carefully pouring a thin layer upon the surface of a small portion of
seawater in a glass in which they live. When narcotised they arc
stretched on a waxplate and hardened in alcohol gradatim. When
sufficiently hardened, (not too much) they are stained in a watery
solution of hzmatoxylin, and afterwards treated with potassium-
bichromate as originally recommended by HEIDENHAIN. For some
purposes fixing in a safurated watery solution of picric acid is still
better, then washing out in diluted alcohol and staining as above,

') As will he seen this method is very like that already recommended by
Flemming, for staining of glands. Zeitschr, f. wiss. Microscopie Bd. II. 1885 p. 517.
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— or, also, fixing in LANG's fluid (corrosive sublimate 129/, in sea-
water, or In an aqueous solution of chloride of sodium 6 9/, acetic
acid 6 %, alum 0.5 %) then washing out, hardening a little in
alcohol gradatim and staining with HEIDENHAIN'S hamatoxylin
as. above.

All these methods can be safely recommended for trials; every-
one of them will, I think, for certain purposes afford results which
certainly are obtained by none of the methods employed before.

My list of methods is however not yet finished. For some
purposes even the above mentioned ones were not sufficient, e. o
in Mollusca, where it was extremely difficult to arrive at any clear
idea of the most minute structure of the nerves and LEYDIG's »Punkt-
substanze«. The following method gave, however, excellent results.

The pieces for examination, cut as small as possible, were
treated with osmic aeid (1 Y,) for 48 hours, then washed n run-
ning water, and cut at once by the hand or in the microtome or they
may first be hardened in alcohol and then cut. The sections, transverse
and longitudinal, were stained in DELAFIELD's hematoxylin (diluted),
and decoloured in water containing a little acetic acid. The sections
were examined in glycerine or canada balsam. In this way, very
distinct preparations of the fibrillar substance are obtained; the sub-
stance obtaining a distinct blackish staining.

Finally, T shall now mention a method whose importance for
our future knowledge of the nervous system can scarcely be over-
estimated, as it affords really quite marvellous preparations and far
surpasses every method hitherto Known.

This is the black chromo-silver method of Prof. GoLGI (at Pavia).
By modifications of this method I have obtained exellent preparations,
even from the spinal nerve-cord of Fishes, in which nobody before
has succeeded. Dr. FUSARI, assistent at the histological laboratory
in Pavia, told me that he had worked for more than a year with
the nervous system of fishes without getting any staining by this
method in the spinal nerve-cord. In the brain, however, the method
gave excellent results, which indeed Dr. FUSARI's preparations also
richly prove, This gentleman is, so far as I know, the only one
who, besides myself, has successfully up to this time employed the
method for fishes. I am largely indebted to him for the communi-
cation of his experiences obtained in a lengthened use of the method.

Besides on fishes and other vertebrates, I have also tried the
methad on several invertebrates, not yet, however, with so much
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success, as [ think may, ultimately, probably be obtained. Still, I have
also obtained staining here in several groups of invertebrates and,
in further experiments, it may probably be possible to find a modi-
fication of the method, by which it would succeed on a larger scale.
In Homarus 1 have already obtained very good results; as com-
municated a year ago!) I have tried it on Ascidians, with some
success. In Mollusca, I have also seen so many signs of a be-
ginning reaction that I feel convinced that it is possible to obtain
good staining, if only the most suitable modifications are employed.
This perhaps a near future may enable us to succeed in.

As I am still experimenting on this subject, I shall, for the
present, only quite shortly communicate the method I at present
employ for the spinal nerve-cord of Myxine glutinosa.

The nerve-cord is cut out of the living animal. It must not be
isolated, but must, necessarily, be taken with the surrounding sheaths,
muscles and corda spinalis if any reaction at all is to be obtained.
It is, however, also necessary to take care that the surrounding
mass is not too thick, because in that case the hardening agents
will penetrate too slowly; the half thickness of the corda spinalis
may, therefore, very well be removed. This dene, it is desirable to cut
the preparation into short pieces (one or a few centimetres long) or, if
one wishes to keep it in longer pieces, then, to make, in these, deep
incisions with a sharp knife at short intervals. This done, the pre-
parations are laid in a solution of potassium bichromate (2—2.5 %)
for about an hour, then the solution is changed and made a little
stronger {up to 3 %/, or more). Here they remain for about 24 hours; if
there is plenty of solution it is not generally necessary to change it
again. After 24 hours the preparations are put into a new solution con-
sisting of 4 parts of 3 9, solution of potassium-bickromate, and 1 part
osmic acid (1 %y sol.) in this solution they remain for about three days
(72 hours); if there is not sufficient solution, it is necessary to change
it after 1 or 2 days. Sometimes I have also employed solutions with
more osmic acid (1 part osm. ac. [1 %, and 3 parts potass.-bichr. [3 %)
as recommended by GOLGI) sometimes also with less osmic acid (1 part
osm. ac. and up to 6 or 7 parts potass.-bichr.) The good results
of these different solutions depend much upon the temperature
maintained in the rooms where the preparations are kept. After
three days, or about that time, (the duration must be tested by
results) the preparations are directly treated with silver-nifrate. At

) Nansen 1. c. 1886,
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first it is well to wash them in a weaker solution (.5 %,) of silver-
nitrate and then afterwards place them in stronger solutions (up to
1 Y,). After one day the staining is generally complete. If one
wishes, however, to keep the preparations for some time before cutting
them, they must be kept in a clean solution of silver-nitrate. It is
best, of course, to keep them in opaque bottles; kept in that way
they are not destroyed even for months. If we wish to take sec-
tions we may cut them, directly from the silver solution, with a
sharp razor, under alcohol. The sections need not be very thin;
when cut, they may be, preliminarily, examined at once in glycerin,
if the staining proves to be a good one —i. e. if ganglion cells with
all their processes, and nerve-tubes with their ramifications, appear
quite dark or black on a transparent field, — then new sections
are made and washed well in alcohol of about go or g6 9,

This washing 1 have usually performed in the following way:
the inferior end of a funnel with a rather wide tube is closed with
a plug of cotton so as to formi a kind of filter. The sections are
placed upon the cotton, then the tube of the funnel is filled with
alecchol and another plug of cotton is pushed down the tube to
a certain distance above the sections: the sections are thus situated
in a small tube-chamber filled with alechol. When now, however,
the body of the funnel is filled with aleohol, a stream will slowly
filter through this chamber and thus the alcohol in it will be con-
stantly renewed. By putting more or less cotton into the tube one
may regulate the velocity of the stream through the chamber.  When
the sections are sufficiently washed (in 4—38 hours) they are placed in
absolute alcohol. If there are many sections, the alcohol is changed
once or twice. Then (after some hours) the sections are placed for
some time (some hours or more, even a day) in pure turpentine which
has to be changed several times. Then they are placed on the slide
in dammar-resin dissolved in turpentine and profected by no coverglasses
il you wish to keep the preparations for a long time. The dammar
is at once dried in a warmbath or in an incubator, where the
turpentine is very rapidly evaporated and the dammar becomes quite
hard and smooth; a coverglass prevents the turpentine and other
volatile oils cvaporating. If the dammar is not quite smooth in
some places after drying, a little more dammar is added to these
places, and the drying repeated. A very good method of mounting
is, of course, that recommended by Prof. GOLGI, it is, however,
a little more complicated. Prof. GoLGI mounts the sections, in
dammar, on coverglasses, the coverglasses are again mounted on
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wooden slides, in the middle of which square apertures are cut to
suit the glasses.

This is an exellent method and admits of the employment of
oil immersions, another advantage is, also, that the sections can be
examined from both sides, which is often of great importance when
the sections are thick. For many purposes the above mode of
mounting on common glass-slides will however do. The preparations
ought to be kept in darkness when not used. Series of sections
stained by this silver method were obtained in the following way.

A piece of the spinal nerve-cord was disected out from a stained
preparation, and treated quite in the same way as above indi-
cated for the sections: washed in alcohol, transferred to abs. alcohol,
then to turpentine. The only difference is that, I let the stream of
alcohol pass quicker over it. From turpentine it is transferred to a
solution of paraffin in turpentine which is placed in an incubator heated
to 56° C. and to which solution paraffin is again added, then into pure
paraffin and then imbedded. The sections are now made at once,
then fixed on the slide or coverglass by collodion, and mounted in
dammar in the above indicated ways. This method may be recom-
mended also for general purposes, even where no series are required,
as it is much quicker and more convenient than the other method
where each section must be treated and mounted separately, though
it certainly does not afford sections with distinct staining of such
permanency.

If convenient, the sections of silver-stained preparations may also
be stained with colours dissolved in alcohol, e. g. eosin, safranin,
methylen-blue ete. In this way very nice looking preparations may
be obtained.

There are probably a great many ways in which this really
exellent method of GoLGI may still be improved, and I would re-
commend it to every histologist of the nervous system, for further
experiments.
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Description of my investigations.

I. The structure of the nerve-tubes in invertebrates.

Homarue vulgaris.

The nerve-tubes of the lobster (Homarus vulgaris) consist, as is
well known, of an external sheath, with nuclei, and a viscous con-
tents. They have a rather homogeneous and refractive appearance
with doubly marked outlines when they are examined in the live-state
under low powers of the microscope.!) On application of higher
powers, a longitudinal striation, not very prominent but still quite
distinct, is seen to form an axis in the centre of some large nerve-
tubes (vide PI II, fig. 12, A & B). This striated axis is, in some
tubes, very narrow (fig. 12, A) and in the rest of the tube-contents
no striation is visible, but only a few lines close to the axis. In
other tubes the striated axis is broader, and more numerous lines
are seen in the contents round it. In some tubes the striated axis
is even very broad (fig. 12, B), and lines are visible almost through
the whole contents except in the peripheral layers; they do not usually
occur there or are, at all events, very rare. Upon a careful exa-
mination of several preparations it is, in fact, possible to find every
stage of striation, from tubes with a striation through the whole mesial
parts of their contents, to tubes with a very narrow striated axis in
their centre, in all these tubes it is, however, possible to observe a
concentration of the striation towards the centre of the tubes, in such

'} For examination of the tubes in the live-state, I think it is best to take long
Pieces of the nerves or commissures with their sheaths, as intact as possible, and
examine them quickly in the blood of the animal; a method which is especially
recommended by Freud (. c. 1882). The oesophageal commissures 1 found to he
very suitable for the purpose as they are not too thick’ and can be very guickly
extricated. 1 have, of course, also isolated the tubes in the blood of the animal,

and think this method to be very good, for some purposes, when it is quickly
performed.
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manner that the intervals between the lines are narrower in the
centre than they are more peripherically, and this is all the more
prominent the narrower the axis is.

This striation in some large nerve-tubes is already observed and
described by REMAK, and subsequently to him a great many other
writers have described it, even HECKEL, who describes the tube-
contents as being homogeneous, has seen it (as mentioned p. 30
foot note 4) in some tubes. FREUD assures us, however, that a
similar striation is visible in all nerve-tubes in a quite fresh state.
In spite of this statement of FREUD's and in spite of the application
of the best lenses (Zeiss's new apochr. lenses) I must confess that,
I have found it extremely difficult to observe a striation in a great
many nerve-tubes. In the greatest number of the slender tubes
and tubes of middle size, and even in some large tubes, it required,
certainly, a predisposition to see a striation, and T really think that
an uninterested eye would, in many casecs, see no striation, even
when the nerves or commissures were instantly taken from a quite
fresh and living animal, which FREUD states to be a quite neces-
sary condition if a striation is to be seen in all tubes. I have
also, in some rather slender tubes, observed a but little prominent
striation (fig. 12, b) but there are a great many tubes and, as men-
tioned, even large ones which have left me very doubtful as to
their striation in the fresh state.

I do not think this, however, to be decisive as to the fibrillar
or non-fibrillar structure of these tubes in the live-state, because, a
priori, I think it to be very probable that if there are two sub-
stances in the tubes, their refractive difference is perhaps so small
that, when one of the substances is present only in very slender
filaments or membranes, the whole contents look as a homogeneous
mass, and that the refractive difference must be altered by chemical
(fixing) agents if the substances are to become easily visible. That
such is the case, and that a distinct striation becomes visible in all
nerve-tubes when treated with various fixing agents (chromic acid,
osmic acid, picric acid, acetic acid, nitric acid, potassium-bichromate,
ete. ete) is aso well-known fact that it, certainly, need not be
further mentioned here. (Pl I, fig. 15 & 16 cpresents some smaller
nerve-tubes; macerated for some hours in glycerine, acetic acid and
water; a striation was distinctly visible.)

Almost all writers who have seen a striation in the tubes in
the live-state have agreed in declaring the darker thin lines of the
striation to be nervous fibrillae (»Primitivfibrillen<) swimming in an



interfibrillar substance, this also explains their anxiety to find a
striation in all tubes., As will be seen from my present paper, I do
not agree with any of those writers, and when the further results of
my investigations are known I hope we shall find a reliable ex-
planation of the reason why a striation is not more generally visible
than it is.

LEVDIG forms an exception to most other writers in declaring
the dark lines of the striation to spring from a structural support,
spongioplasm, and not from nervous fibrille (vide Leydig I. ¢. 1885,
mentioned before, p. 31). He has no doubt arrived at a more
correct view than any other writer, but neither is he, in my opinion,
quite correct, as will shortly be seen.

If the view that fibrillz and interfibrillar substance are present
in the tubes, was correct, it ought, in my opinion, to be easy
to isolate these fibrille by splitting the tube-sheaths longitudinally.
This is, however, very far from being the case. I have split large
and small nerve-tubes in the fresh state longitudinally and no fibrilla
of the kind were visible, I have teased them very carefully and
some thicker or thinner filaments became visible in the extremities
of the tubes. I never succeeded in obtaining, in spite of my most
persevering care, neither fresh preparations nor macerated ones with
brushes of regular fibrillz2 in the extremities of the tubes similar to
those illustrated by H. SCHULTZE in Molluses and Annelids. The
filaments or fibrille visible at the extremities of the nerve-tubes had
always a somewhat irregular appearance, with varying thickness and
length, and they certainly looked as if they belonged to a supporting
substance and were to a certain extent artificially produced.

A viscous homogeneous substance, as stated by SCHULTZE, was
certainly also visible between those filaments. This substance never
occurs, however, in such a way that [ can say it formed an inter-
fibrillar substance, and was diffusively extended in the nerve-tube.
At the extremities of the nerve-tubes it always appeared on pres-
sure in the form of regular small pearls issuing from the tube-contents.
I never saw it appear in large pearls, not even in the large nerve-
tubes where this substance, according to a great many writers,
forms a thick layer surrounding a central bundle of fibrillz. It had,
in fact, always the appearance of these small pearls of viscous
substance issuing from a great many extremely slender tubes or
channels contaning the substance, situated close together and
forming the whole conténts of the nerve-tubes, and this we shall
see is really the case. The filaments visible at the extremities of
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the nerve-tubes gave always the impression that they could have
been produced by the sheaths of those slender tubes being split
longitudinally and thus forming fibrill. The viscous substance is
certainly very often seen adhering to these fibrille, but if we look
carefully we will see that it always is in the form of small pearls
adhering to the sides of them; I have never observed pearls quite
surrounding, or embracing, a filament, which certainly ought te occur
occasionally if the filaments were round fibrill# swimming in an
interfibrillar substance in the nerve-tubes.

I have not been able to obtain any further information regard-
ing the structure of the tube-contents from fresh preparations.t)

If we examine macerated preparations we will not become
much wiser, and neither do they suffice to solve the riddle as to
the real nature of the fibrillar structure.

The quickest and easiest method of maceration is that indicated
by BELA HALLER (cmfr. p. 73—74). In that way an isolation of the
tubes is possible even after a lapse of one or two hours; the tubes
exhibit a distinct sheath, with sheath-nuclei, as well as a distinct longi-
tudinal striation of their contents (fig. 15); a staining is not necessary.
In successful preparations you may find nerve-tubes with extremities
more fibrillar and brush-like than any of those obtained in fresh
preparations. With a good will and skilful hand you can, by
teasing with fine needles, even improve this fibrillar appearance,
nay, you can split not only the tube contents but also the sheaths
longitudinally into filaments or »fibrille«. This shows, however,
that these fibrill2 can be artificially produced, because most writers
agree in declaring the sheaths to be homogeneous membranes of
connective substance (neuroglia). If we now examine the fibrillie
under high magnifying powers we will find them all to have the
same, somewhat irregular appearance both, those from the tube-
contents as well as also those springing from the tube-sheaths. If
we try other maceration fluids (e. g. weak sol. of alcohol, amm.
bichr. 0.03 %), potass.-bichr. 0.1—0.03 9/,, LANGDOISs fluid etc.) we
obtain very similar results. By all these methods we arrive at the

o In PLIT fig, 13 an appearance of the nerve-tubes is illustrated which I
have often noticed in the fresh state, and which easily could give rise to serious
mistakes. @, a are the hvaline-looking contents of the nerve-tubes (belonging to o
peripheral nerve); b, b are the sheaths from which septa (¢, ¢, ¢') aparently issue
and penetrate inta the contents of the tubes.  These apparént septa are, however,
an optic illusion only artificially produced by a slight bending of the nerve in
which the nerve-tubes are situated.
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conviction that a fibrillar structure is present but how this structure
is to be regarded, that is the point respecting which we remain
in uncertainty.

There remains then only our last but at same time best resource
and that is to try what information we can obtain from transverse
and longitudinal sections taken from preparations fixed, stained, and
hardened in the best way our present histological technology can afford.

As a very good method, for this purpose, I would especially
recommend the following: the nerves or commissures, taken directly
from the living animal, are treatod with FLEMMING's fluid (chromo-
aceto-osmic acid, strongest solution cmfr. p. 75—76) for 12 to 24 hours,
then washed for some hours in running water, and stained with alum
hzmatoxylin (DELAFIELD's formula), or in an aqueous solution of
haematoxylin (0.5 %,), and afterwards treated with a solution of
potassium-bichromate (0.5—1 9%,) as recommend by HEYDENHAIN
(vide p. 76). Now the structures are washed, again and hardened,
somewhat quickly in alcohol gradatim. Preparations treated in this
way can, as a rule, be very ecasily cut into thin sections, directly
enclosed in paraffin only (vide p. 76). Embedding in celloidin or
paraffin can of course also be employed; this can not, however, be
performed with too great carc as we have here to deal with struc-
tures of the most delicate nature.

In preparations carefully treated in this way, the nerve-tubes,
with their contents, are fixed in their natural position and state, and
no visible change of the form has taken place.

If we now examine good and thin longitudinal sections, it will
already, under low powers of the microscope, be easy to observe
a distinct longitudinal striation in the larger as well as the smaller
nerve-tubes. The extremely slender longitudinal lines or »fibrillae
have got a distinct blackish staining, and are situated with intervals
between them, just similar to what we have found in the fresh state.
The substance in these intervals is not stained, and has a homogeneous
or rather a slightly granular appearance. If now, however, the
stained fibrill are real fibrillz swimming in this homogeneous un-
stained substance, it is evident that they, in thin transverse sections
of nerve-tubes, must appear as minute bluck dots or points, just
similar to what, VIGNAL for instance, has also really described and
illustrated,

But what do we find? — Instead of black dots, we find in the
sections af the tubes a delicate reticulation, with minute circular
meshes, apparently formed by extremely slender filaments (fig. 2; fig. 5, t).
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In these filaments we certainly find small dark granules (fig. 6, a)
which, occur however, only in the point or knots where several
filaments unite; they never occurin the centres of the meshes. And
the same reticulation is extended through the whole transverse sec-
tion of every nerve-tube, and fills the whole space inside the
tube-sheat.

If we, now, compare the impressions which transverse sections of
the nerve-tubes give, with those obtained by longitudinal sections, there
can, in my opinion, be no doubt left but, that the ,fibrille“ of most
writers belong to a substance, spongioplasm, forming a bundle af
slender, cylindrical fubes or channels enclosed in the neurilem-sheath
of each merve-tube. These primitive fubes, if we may call them so,
are filled with the homaogeneous, viscous substance, hyaloplasm, which
we already know from fresh nerve-tubes.') The granules in the transverse
sections show themselves to be transsected thicker longitudinal fibres
of spongioplasm which, occur especially along the longitudinal edges
where several tubes, usually three, meet. If we imagine the spongio-
plasm as forming cylindrical tubes laid or pressed together, it will
be evident, that the spongioplasmic walls of the different tubes will
unite and form septa, as the spongioplasm cannot, of course, be
considered as a quite solid and unadherent substance; it will also be
evident that, in the corners where several tubes meet the spongio-
plasmic walls will be still thicker.?)

In this way, T think, we may easily understand why it was so
extremely difficult to isolate and get a clear idea of SCHULTZE's
»Primitivfibrillenc.  As we have seen, they do not exist in the way
he has explained; what he called fibrillee, are the spongioplasmic walls
between the real »primitive fibrille« or primitive tubes as I have
called them.

The above description refers to the structure of nerve tubes,
which are, I think, in the most primary state.

There are, however, in the longitudinal commissures, as well as
also in the peripheral nerves a great many tubes exhibiting a kind of
concentration towards an axis in their centre. — As described p. 81,
a more or less concentrated longitudinal striation was visible in the

') The primitive tubes have a diameter of about .0015—.0017 Mm.; their
size wvary, however, and is very difficult to measure.

%) There oceur, however, besides these granules larger dark granules, as well
in transverse sections as in longitudinal ones. They are usually very sparingly spread,
especially necar the centres of the nerve-tubes, as will shortly be mentioned and
hey are always situated in the spengioplasmic walls of the primitive tubes,
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centre of many large nerve-tubes.  If we now examine similar nerve-
tubes in transverse and longitudinal sections we will find that, their
contents consist of a bundle of slender cylindrical primitive tubes,
quite in the same way as that just mentioned. The only difference is
that, their central primitive-tubes have a smaller diameter and thicker
walls, and are more deeply stained than the peripheral ones, it
seems, indeed, as if they may have been pressed more tightly
together and thus been obliged to occupy a smaller space, as they have
on the other hand got a firmer consistency, with thicker walls. In
this axis, and in its neighbourhood, larger dark granules, as mentioned
above, also occur more frequently than anywhere else, which
perhaps contributes somewhat to the darker staining. In some nerve-
tubes this concentration and forming of an axis is so far developed
that it, in transverse sections (fig. 3), appears as a, by osmic-acid
and hazmatoxylin, deeply stained spot in the centre of the tube.
In this spot it is not ecasy to distinguish any structure or primitive
tubes, but in extremely thin sections, and by very high powers, it
is, however possible to see slender tubes with thick, deeply stained,
walls or membrancs in which granules occur. In longitudinal sections
a longitudinal striation appears as in fig. 4. In one end (fig. 4, @) this
section has passed through the periphery of the axis and, here, a
striation is distinctly visible; in the other end (fig. 4, ¢') the section
has, however, passed more through the centre of the axis and, here,
the staining is so deep that almost no striation is visible, all the less
from the section being somewhat thick.

Usually however this concentration is not so distinctly developed
as here. Nay, we can indecd find every degree of development,
from the primary state where no concentration at all can possibly
be traced to have taken place, up to an axis as described,
Fig.2,¢,¢, " thus represent sections of fibres with different degrees
of concentration, from a very slight one where we can only see
that the primitive tubes are somewhat deeper stained in this central
part than in the rest of the tube and in some nervn-tubes even this
1s not visible (¢).

It is the nerve-tubes with such an axis that, previous writers
have called myeloid fibres; with what right we will, on a later
occasion, have an opportunity of examining.

However we consider this formation of an axis; in one thing
we cannot be in doubt, viz., that the whole contents of the
nerve-tubes, wether they have an axis or not, is of real nervous
nature, because the constructing element in the whole contents through-
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out is, as we have seen, the ,primifive tube*; that is the thread o
which the whole rope is woven.

In transverse sections of some nerve-tubes, largish vacuoli or,
as it were, primitive tubes, can be seen (fig. §, ¢, ¢", £} fig. 2, d).
These vacuoli often occur in a peripheral layer just inside the
sheath of the nerve-tubes (fig. 5, ¢, ¢”). I suppose, however, this
appearance to be to a great extent artificially produced. In some
cases the whole contents of the nerve-tubes has the same appearance
(fig. 5, 4,) and looks as if it were principally constituted of large pri-
mitive tubes, amongst which only some few primitive tubes of the
common size are seen. | do not feel disposed to suppose this
appearance to be only an artificial and postmortem product, though
I cannot with certainty account for its nature at present.

We have, hitherto, only mentioned nerve-tubes of a relatively
large diameter; these are especially numerous in the longitudinal and
oesophageal commissures, as will be seen from fig. 1, which re-
presents a transverse section of an ocsophageal commissure. We
find, there, transsccted nerve-tubes of very varying diameter.') In a
great many large tubes (¢, ¢, ;) a deeply stained axis is visible; in
other large tubes (") no axis is visible. =n.f represent somewhat
smaller nerve-tubes running in a thick bundle along the centre of
the commissure. sat represent very small nerve-tubes situated more
peripherically.

Large nerve-tubes, usually having an axis, occur very frequently
also in the peripheral nerves, vide fig. 7, ¢; they have generally, as
will be seen, very stout sheaths, and are prominent.

On the other hand there are, especially in the peripheral nerves,
a great multitude of extremely slender nerve-tubes; indeed, the
peripheral nerves principally consist of such nerve-tubes (fig. 7, nf).

These nerve-tubes have so small a diameter that, I have, usually,
only observed some few primitive tubes inside their sheaths (vide
fig. 8, uf); in a large number of them I have even detected no pri-
mitive tubes, and I believe they are partly constructed of only one
primitive tube, the sheath of which is, however, much stouter than
the spongioplasmic sheaths inside the larger nerve-tubes.?)

These slender nerve-tubes are, in most nerves, usually arranged
or united in bundles, and are enclosed in neurilem-sheaths, larger
fagots of these primitive bundles are again enclosed in larger and

) We can find nerve-tubes with a diameter of more than .140 Mm.; and
we can fnd nerve-tubes with a diameters of less than 0.003 Mm.
) The diameter of these smallest nerve-tubes measures about 0017 Mm.
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stouter neurilem-sheaths, and so on, concentrically, untill at last the
whole nerve is enclosed in one common external neurilem-sheath.l)
It is, indeed, very difficult to tell here where the separation of indi-
vidual nerve-tubes really begins, if we do not, as I have done, con-
sider the smallest tubes with distinct stout sheaths as representing,
each of them, a nerve-tube, consisting of some few primitive tubes
only, or, in a great many cases, of one primitive tube only.

When we examine a transverse section of a nerve, we will, as
a rule, observe a great many dark granules or dots; these dots,
appear, however, on closer examination, to be thickenings in the
tube-sheaths along the longitudinal edges where several tubes meet
(vide fig. 8, p).

The sheaths of the nerve-fubes. — Our attention has
hitherto been directed to the contents of the nerve-tubes only. We
will, now, before we leave the nerve-tubes of the lobster, pay a
little attention to the sheath which envelopes the contents. This
sheath consists of a connective substance which is, in my opinion,
the same substance as the nenroglia, or »connnctive-tissuee, as many
authors call it, which extends through the whole central nervous
system of every animal I have had under investigation. This
sheath of connective substance, or for the sake of brevity we
will call it newroglia-sheath, has, also, a great resemblance to the
spongioplasm separating the primitive tubes, and it is, in fact, very
often, extremely difficult to distinguish the two substances from each
other viz. the spongioplusm occurring inside the nerve-tubes and the
ganglion cells — as will subsequently be described — and the
neuroglia enveloping the nerve-tubes and the ganglion cells with
sheaths or membranes; the two substances are often so intimately
united that it is really impossible to decide where the line of de-
marcation can be drawn. There is one difference, however, viz. that
in the spongioplasm no nuclei occur, whilst nuclei occur in the
neuroglia. LEVYDIG's view that it is the same substance, spongioplasm,
which penetrates from whithout into the nerve-system and even into
the nervous eclements, is, in my opinion, not yet sufficiently well sub-
stantiated. If [ had to choose, I would, however, much prefer that
theory to VEJDOVSKY's, according to which the inner connective
substance (i. e. neuroglia) is a product originating in the ganglion
cells; T really do not understand how, in that case, to account for

') This separation into bundles and fagots is, however, les prominent or not
present at all near the origin of the nerves in the central nerve-systen.
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the neuroglia-cells and nuclei, and how they can be produced from
ganglion cells.

In my opinion there can be no doubt, but that the neuroglia is
a separate tissue composed of cells springing from the ectoderm,
just as the ganglion cells spring from other cctodermal cells.

The doubly marked outlines which are wvisible in nerve-tubes
isolated in the fresh state, but which are specially distinct in macerated
nerve-tubes, are produced by the sheath which, as a cylinder, cnve-
lopes every nerve-tube and forms its outer isolating layer. It con-
sists of one or several concentric layers of connective substance or,
as we just above called it, newroglia, and is casily scen in transverse
as well as in longitudinal sections; the sheaths of large nerve-tubes
are cspecially very prominent and stout. When there are several
layers; which is generally the case in large nerve-tubes, especially
those of the peripheral nerves; then the innermost layer is the
strongest, most differentiated, and refractive one (vide fig. 15). These
concentric layers of the tubc-sheaths are seen, in fig. 7, round the
large nerve-tubes (f), and in some peripheral nerves they are very
prominent.

In the sheaths, nuclei occur. These nuclel are, as mentioned,
quite identical with the usual nuclei of the neuroglia; they have an
oblong form, with a granular appearance, and are usually situated on
the outer side of the sheaths (vide fig. 2, k; hg. 3, k; fig. 8); they
occur, however, also on the inside of the sheath, consequently in
the tube itsell (vide fig. 4, &; fig. 5, &'; fig. 13, k).

Nephrop nervagizus.

We obtain very similar results as to the structure of the nerve-
tubes on examining Nephrops norvegicus; in this respect Nephrops
50 very much resembles Homarus that it is really unnecessary to
give any special description of it. We can, in fact, observe, in the
large nerve-tubes, the same tendency towards a concentration of a
sort of axis in their centre, though it is not so prominent in Nephrops
as in Homarus, and neither have 1 observed so narrow and deeply
stained axes in the former as I have in the latter.

In the transverse sections of many nerve-tubes, T have observed
similar large meshes as those. I have mentioned in the nerve-tubes
of Homarus (emfr. fig. 5, ;). They had often a very regular ap-
pearance and looked as if they really were large transsected primi-
tive tubes.
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In the Annelids we find a structure of the nerve-tubes very
similar to what is described in Homarus.

Folychestes.

As representative of the Polychetes 1 have examined scveral
species of Nereis (N. virens, N, pelagica and others) and also,
occasionally, Nephtys, Leanira ctc. and can only say that, in them
all, I have found the same structure of the nerve-tubes repeating itself.

In the Nereide, to which I have especially paid attention, we
find nerve-tubes of every thickness, ranging from the two gigantic
nerve-tubes running along the centre of the ventral nerve-cord (vide
fig. 14 and fig. 10) down to nerve-tubes consisting of only one pri-
mitive tube, like what is described in Homarus. )

The minute structure is, of course, easicst to study in the larger
nerve-tubes.  If we examine them under high powers of the micro-
scope, in good preparations,?) we find that quite similar primitive
tubes constitute their contents, in the same way as described in re-
spect of the nerve-tubes of Homarus. The differentiation in primi-
tive tubes is, however, not so distinctly marked nor so edsily seen
as it is in Homarus, perhaps, partly, because the primitive tubes
have a smaller diameter,®) partly, because their spongioplasmic
sheaths or membranes are thinner and less distinct.  In fact, it often
requires the best lenses, and very carefully prepared preparations,
to see any structure in the contents, and this is evidently the reason
why so many authors have not understood these structures, and
have supposed these large nervetubes to be lymphoid vessels ete.
Of a concentration towards an axis, there are only very slight indi-
cations in some rather slender nerve-tubes. The large nerve-tubes
(»gigantic fibres«) have always primitive tubes, only slightly marked,
and of the same size and appearance throughout. Fig. 10 represents
the central part af a transverse section through the ventral nerve-
cord, where one of the two central largest nerve-tubes (¢) (of the
other only a small part is scen), also some more ventrally situated,
not so large nerve-tubes (#, fy, ;) and a great deal of the surround-
ing small nerve-tubes (nf) are seen. Fig. 9, b represents a longi-
tudinal section of one of the largish nerve-tubes (emfr. fig. 10, 4);

1 : . . :
) In my preparations 1 have found nerve-tubes with diameters measuring
from .o30 Mm. down to .co18 Mm.

T ; ) ’
) For this purpose the same method of fixing etc. can be recommended as
we have recommended for the neve-tubes of Homarus (vide p. 83).

*) In my preparations | have generally found the diameter of the primitive
tubes to be about .0012 Mm. or less.

_129_



nt represents smaller surrounding nerve-tubes. As will be seen,
there is, in these tubes, a longitudinal striation quite similar to what
we already have experienced in Homarus.

The nerve-tubes of the peripheral nerves have quite a similar
structure to those of the ventral nerve-cord.

The sheaths of the nerve-tubes are formed by the neuroglia,
in the same way as they are in Homarus (emfr. fig. 10); they are.
however, not so stout, and nuclei occur very sparingly in them.

Lumbricug agricola.

In Lumbricus, the nerve-tubes in the ventral nerve-cord have a
more uniform and relatively smaller size (the three »gigantic nerve-
tubes« excepted [fig. 11,4 ¢, 4]) than they have in the ventral nerve-
cord of the Polychztes examined; the nerve-tubes have, however,
a quite similar structure, their contents being composed of the same
elementary constituents, viz. the primitive tubes, which certainly have
a small diameter, but are, in the small nerve-tubes, only present in
limited number; in some cases nerve-tubes consist of apparently
only one primitive tube; it is consequently somewhat similar to what
is described in Nereis and Crustaceans,

The nerve-tubes have neuroglia-sheaths which are very prominent
in osmic-h@matoxylin preparations, vide fig. 11, nf.

The nerve-tubes of the peripheral nerves have a quite similar
structure to those of the ventral nerve-cord.

In the ventral nerve-cord of Lumbricus, there are, as is well
known, three large tubes running, dorsally, through the whole length
of the nerve-cord. These tubes, which are generally called »CLAPA-
REDE's gigantic nerve-fibrese, have given rise to much dispute and in
the views of the various writers very different functions have been
attributed to them. Some writers have called them supporting rods,
the function of which is to give support and rigidity to the ventral
nerve-cord under the many movements of the animal; that is, for
instance, VEJDOVSKY's view; other writers, again, consider them as
homologous with the corda spinalis of the vertebrates; some writers
call them vessels, etc. etc., and finally a great many writers call
them nerve-tubes. Lately, LEVDIG has published a paper on this
subject (I. c. 1886) in which he very emphatically maintains their
exclusively nervous nature.

After having examined their structure, I do not think there can
be any doubt that LEvDIG is right, and that VE]DD\-'SK{T, who ex-
presses himsell with so much self-confidence, is entirely wrong. It
was indeed to be hoped that those organs might at last enjoy that

_130_



rest wich they so well deserved and that they might now be left in
peace in the rubric of nervous elements,

Seeing that, comparatively, few authors have been in doubt as to
the nervous nature of the large nerve-tubes of the Polychztes, it is really
very strange that there has been so much dispute about these organs
in Lumbricus. — If we examine them closely under high powers of
the microscope, in carefully prepared sections, we will, instead of the
homogeneous contents usually described in them, find a contents
with quite the same structure as above described in the large nerve-
tubes of Nereis, it being composed of a large bundle of primitive
tubes, the spongioplasmic sheaths of which are, however, very thin
and but little differentiated; the primitive tubes are thus extremely
difficult to observe, and this is naturally the reason why no author
has noticed any striation in these large tubes, and why their contents
has always been described as being homogeneous.

I have not been able to find any spongioplasmic reticulation or
septa, similar to what LEVDIG has described and illustrated (1. c.
1886 p. 594). I cannot therefore explain their absence in any other
way, than that his preparations have not been quite succesful, there
may, perhaps, have been some irregularities in them produced by
shrinking of the tube-contents, which indeed very often happens,
especially in those thick tubes. From my own sad experience, I can
testify that it sometimes happens in spite of an apparently very
careful preparation. Judging from LEvDIG's illustration I should
also say that such has been the case.

The whole contents of the three nerve-tubes consist of primitive
tubes, having the same size and diameter throughout, as will be seen
in fig. 11, and no concentration towards an axis is visible in the
centre of them.!)

The sheaths of the nerve-tubes. — The three large nerve-
tubes are surrounded by very thick and prominent neuroglia-sheaths
consisting of many layers or membranes of connective substance.
When LEVDIG says that they are closely surrounded by several
slender nerve-tubes, he is scarcely quite correct. I have certainly
observed nerve-tubes between them, and in the neuroglia surround-
ing them, but they are scarce, and, in my opinion, the three large
nerve-tubes are principally surrounded by connective substance, or
neuroglia, forming thick sheaths round them. This neuroglia does
not, however, differ from the neuroglia of the rest of the nervous
system, in anything, else than that it occurs in thicker layers than is

') In my preparations the diameter of the primitive tube measured about
0016 Mm,
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generally the case, and is more sparingly mixed with nervous ele-
ments. As will be seen in fig, 11, it has, also, an appearance some-
what different from the rest of the fibrillar mass, exhibiting, as it
does, a prominent disposition to form concentric layers or mem-
branes round the tubes. Between the tubes may also be seen septa
(fig. 11, s), apparently of the same substance, issuing from, or rather
adhering to, the neurilem-sheath or perineuriwm, enveloping the
ventral nerve-cord inside the muscular layer (fig. 11, m). In the
neuroglia-mass surrounding the three large nerve-tubes nuclei occur
very often (fig. 11, &), they are oblong, have a granular appearance
and are quite similar to the common neuroglia-nuclei.

The Mollueca.

Judging from the latest descriptions of the nervous system of
the Molluscs, we should expect, here, to find very extraordinary
conditions. HALLER assures us that there exists no connective-tissue
within the nervous system of the more primary Molluscs (Chiton,
Patella, Rhipidoglossa etc.) and that there really exists ne nerve-fibres
or, as I call it, nerve-tubes only »Primitivhbrillens which unite in
large bundles to form the peripheral nerves. The same statements
are quite recently made by RAwITz (as mentioned p. 70) as to the
nervous system of the Acephales; this latter writer seems, however,
in these as well as other respects, to walk very closely in the
footsteps of HALLER.

It was therefore with no small interest that I began the investigation
of this group. I chose Patella vulgata for my purpose, because it
was on the one hand a large species, and a rather primary mollusc,
and on the other hand I could get plenty of it, here, in Bergen.

I must confess, I had some doubt as to the correctness of BELA
HALLER's statement that no connective-tissue (i. e. neuroglia) existed,
and my researches have not at all diminished my doubts; on the con-
trary, I found a well developed neuroglia, with neuroglia-nuclei of the
typical form, and sheaths enclosing nerve-tubes. This neuroglia is,
however, not so well developed as we have seen it in Annelids and
Crustaceans. It took me some time, therefore, to come to a full
understanding of the real structure of the nerves and the nerve-tubes.
Fresh isolated nerves, as well as nerves macerated in different ways,
I could, usually, though always with some difficulty. split up into
fibrillee, which, however, varied somewhat in size (fig. 17). In
sections, longitudinal as well as transverse, I came to similar results,
and could really distinguish longitudinally running darker stained
fibrille, of somewhat wvarying size; in transverse sections they
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appeared as dark points; in longitudinal srctions as dark lines,
and in oblique sections I could see them as short semi-erect rods.
There could be no doubt that real fibrilla: of some kind were pre-
sent, and I was almost disposed to consider HALLER's description
of the nerves, as consisting of bundles of »Primitivfibrillene, to be
right. Besides these fibrillee I could, however, in transverse sections
see a reticulation, as il produced by transsected tubes: in this re-
ticulation the transsected fibrille were always situated in the walls
of the meshes, and especially in the junctions of the walls of several
meshes (i. e. nerve-tubes) the whole had, consequently, somewhat
of a resemblance to transverse sections of nerves of Annelids and
Crustaceans. I could, however, in preparations obtained in my usual
ways come to no certain results. There was, besides, also another
circumstance which made me certain that those fibrilla could not
be real nervous fibrille as HALLER and RAWITZ suppose, this was
their staining, which was quite that specially pertaining to neuroglia.

Finally, T succeeded in finding a method of preparing the nerves
which gave a quite clear idea of their structure. This method con-
sists in treating pieces of Patella (the pedal muscular disc in which the
pedal nervercords are imbedded) for about 48 hours in osmic acid
(1 ®) then washing them, afterwards cutting them and staining the
sections as described above (p. 77).

Examination of sections obtained in this way left no doubt as
to the structure of the nerves; they contain nerve-tubes having di-
stinct neuroglia-sheaths, in which thicker longitudinally running fibres
are situated (cmfr. fig. 19).") These neuroglia-fibres arc the sPrimitiv-
fibrillen« of HALLER and RawiTz. Besides this, there occur stouter
neuroglia septa orriginating in the outer necurilem-sheath. They
ramify and divide the nerve-tubes into larger or smaller bundles
(Ag. 19, 5, §'). Fig. 19, k, & are nuclei occurring in these neu-
roglia-septa.

The nerve-tubes are of somewhat varying size,. and are usually
slender and seem to contain but few primitive tubes. 1 measured
nerve-tubes having a diameter of ,002—.006 Mm. In some nerves
the nerve-tubes are, however, much smaller. Fig. 20 is, for instance,

') A glance at the origin of the small lateral nerves @' and & (fig. 19) gives
a very clear idea of the structure of the nerve-tubes. &, 8 are the neuroglia-septa
which separate the bundles of nerve-tubes, forming these small nerves, from the rest
of the great nerve. In a and b some of these merve-tubes are transversally trans-
sected in @' and &' they are longitudinally transsected. It is very distinctly see
that the sfibrilles in fact beleng to the tube-sheaths.
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an illustration of a longitudinally transsected nerve, drawn under
higher powers than fig. 19. The nerve-tubes are, however, narrower
in fig. 20, than they are in fig. 19 (cmfr. ' and ?").1)

The reason why the longitudinal neuroglia fibres in the nerves and
pedal nerve-cords are isolated in macerated preparations is, evidently,
that they are stouter and stronger than the rest of the tube-sheaths,
and thus are separated from them. In carefully treated macerated
preparations it is, however, possible to see the nerve-tubes.  Fig, 17
and I8 represent, for instance, such preparations, where nerve-tubes
with a longitudinal striation are distinctly visible, and even to some
extent isolated; an isolation of them is, however, as a rule, extremely
difficult, for the reason just indicated above. In the extremities o
these nerve-tubes we can see, in some of them, isolated fibrillz,
which, partly, are neuroglia fibrill, partly, spongioplasmic fibrilla,
Pearls of hyaloplasm are adherent to the sides of them (fig. 17, a, b, d).

Ths Ascidiansa.

Finally, T will here mention a group of invertebrates which some
time ago were the subject of my study, the results of which I have
hitherto only given in a preliminary report (l. c. 18386).  This
group is the Ascidians. The peripheral nerves of the Ascidians
have a structure very similar to what is described of the peripheral
nerves of Homarus (cmfr. fig. 7), exept as regards the large tubes;
those do not occur in the Ascidian-nerves.

The whole nerve is, in the Ascidians, divided by the neurogla,
or inner neurilem, into large bundles, these are again divided into
smaller and these, again, into still smaller bundles, the subdivision being
repeated until we at last arrive at the nerve-tubes, which are very
slender, and contain but few primitive tubes; a great many nerve-
tubes seem to consist, even, of only one primitive tube, something
similar to what we have described in Homarus. Very often, it is
even very difficult to decide what are only primitive tubes, and what
are nerve-tubes, and again what are bundles of nerve-tubes, as there
is often seen, in transverse sections, a subdivision into smaller and
smaller tubes, and, the higher and higher we employ the powers of
the microscope the more and more do we trace out minute tubes.
At last, however, under very high powers we arc able to observe

'} Sometimes large vacuoles are seen in transverse section of nerves (cmfr.

fig. 19, ¢, d); whether these vacuoles really are transsected nerve-tubes [ am not
in a position to decide at present.
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some very slender tubes inside which no subdivision is visible, and
these we must supose to be the primitive tubes, a small bundle of
which generally forms a nerve-tube.

Fig. 21, which represents the transverse section of an anterior
nerve of Phallusia venosa, will, I hope, give easily, at a glance, a
correct idea of the structure of the peripheral nerves of the Ascidians.')
Fig. 22 represents a part of a longitudinal section through a nerve,
seen under high powers of the microscope; the primitive tubes are,
here, visible, being transsected in their curved course, the curvature
in which arises from the contraction of the nerve. {s, {s are the
sheaths of the nerve-tubes. Some of them (a and &) are stouter
and more prominent than the others, those are probably transsected
neuroglia-septa enclosing bundles of nerve-tubes. In one of these
septa is seen a neuroglia-nucleus (u).

The division of the nerve-tubes into different smaller and larger
bundles is, in the Ascidians, as well as in the Molluscs, Crustaceans
etc. less prominent near the origin of the nerves; close to the nerve-
roots there is, in the Ascidians, scarcely any division visible, and a
great many of the nerve-tubes appear, even, to be broken up into
nerve-tubes of a much smaller diameter; the reason of this appearance
we will in a later chapter have an opportunity of discussing.

The structure of the nerves of the Ascidians reminds much of
what we have found in the Molluscs. The nerve-tubes are separated
by only very thin sheaths (cmfr fig. 22, fs) in which thickish fibres
are situated, especially along the concreting longitudinal edges; in
transverse sections these fibres, when transsected, appear as darker
dots, situated in the corners of the meshes, and are produfed by
the transsected sheaths of the nerve-tubes (vide fig. 21).

Summary.

The results of, these, our researches on the minute structure of
the nerve-tubes of various invertebrates, we may, I think, assume to
be applicable to the nerve-tubes of all invertebrates of such a high
organisation as to posess a well developed nervous system, i. e. all
invertebrated bilaterates. From LANG's memoirs, we may gather
that the Polyclades and Trematodes have nerve-tubes of the same
type described in this chapter (cmfr. p. 52—g4); from FRAIPONT's

') The primitive tubes are pot seem in this illustration.

_135_



memoir on the Archiannelids we may gather that this is the case
also in those animals (cmfr. p. 57), ete. etc.!)

Of the results of our researches we may therefore give the
following summary :

1) The nerve-tubes of the invertebrated bilaterates consist of an
external consistent sheath with a viscous confents.

2) The sheaths are formed by, or belong to, the connective sub-
stance extending through the whole nervous system, and which I
call neuroglia.?) In these sheaths nuclei (neuroglia-nuclei), occur more
or less sparingly.

3) The contents of the nerve-tubes consist of primitive tubes,
which are extremely slender tubes or cylinders, separated from
each other or rather formed by membranes or sheaths of a firm
supporting substance, sporgioplasm, very much resembling the neu-
roglia-substance; these slender cylinders of spongioplasm contain a
hyaline, viscous substance, hyaloplasm, which is the real nervous
substance, and which very often is exuded from fresh isolated nerve-
tubes in form of small hyaline pearls.

Fibrille and fibres, as most writers describe them, do not, con-
sequently, in my opinion, exist.

4) A concentration towards a kind of axis is visible in a great
many largish nerve-tubes of Homarus and Nephrops; this axis may
be more or less narrow, and consists of a bundle of central primitive
tubes which have stouter spongioplasmic sheaths and smaller diame-
ters than the other primitive tubes. A similar concentration in the
centre of the nerve-tubes can, as a rule, not be observed in the
other animals examined; only a slight indication of it, I believe to
have observed in some nerve-tubes of Nereis.

2. The structure of the ganglion cells, and their processes,
in invertebrates.

Homarus vulgaria
The contents of the ganglion cells of the lobster consist of

nucleus and protoplasm enclosed in a thicker or thinner membrane
or sheath.

T} In Myzostoma [ have previously indicated a similar structure.
*) In my memoir on Myzostoma (1885 [ have called it sthe inner neuri-
lemes, as mentioned before.
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These membranes or sheaths of the gunglion cells have
the same structure as the sheaths of the nerve-tubes, and are formed
of the same substance, viz.the neuroglia; nuclei, having the appear-
ance of common neuroglia-nuclei, occur frequently in them, and are
generally adherent to their outer side; I have seldom observed nuclei
situated on the inner side as described of the nerve-tubes. The
sheaths, enveloping the cells, very often consist of several layers or
membranes, similar to what is described of the sheaths of the
nerve-tubes.

I can not decide, whether inside these layers of neuroglia-sub-
stance there also occurs a thin membrane, spongioplasmic membrane
(different from the neuroglia-sheath), belonging to and arising from
the protoplasm of the ganglion cells. It would, consequently, be a
»cell-membranee as many writers describe it to be, but the existence
of which other writers deny.') The importance of such a membrane
existing, or not existing, is, however, in my opinion, not great as
may be seen from the subsequent description of the structure of
the cell-protoplasm.

When several writers deny the existence of a cell-membrane,
as well as a membrane of connective substance, I think that must
arise from their examining macerated preparations, and imperfectly
stained sections. In macerated preparations, it is often very difficult
to distinguish the enveloping membrane from the cell-protoplasm, it
having a concentric striation which is very similar to the outer
layers of the protoplasm; neuroglia-nuclei are, however, usually ad-
herent to its outer side and indicate its real neuroglia nature
(cmfr. fig. 23, n).

In successfully stained sections, e. g., sections stained with
HEIDENHAIN's h&matoxylin-method (vide p. 76), the neuroglia mem-
branes are, even under the lower powers of the microscope, distinctly
visible (fig. 24—2g). In such preparations, these membranes also
appear to be intimately connected with the nc-.ni'cglia-rctimlati.un
extending between the ganglion cells (cmfr. fig. 24), and they look as
if they belonged to that substance, which, in my opinion, is also

'} If such a special spongioplasmic membrane occurs, which is, in my
opinion, not improbable, it would, I think, be so intimately connected with the
surrounding newroglia-membranes (cmfr. my subsequent description of the cell-
protoplasm sad its reticulation) and have an appearance so perfectly similar to
them that, [ cannot understand how authors, working with macerated preparations,

can describe special cell-membranes as being different from the surrounding
*connective-lissues membranes.
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the case, as will also be subsequently referred to. In some parts of
the ganglia, where small ganglion cells are situated closely together,
the neuroglia-membranes form cavities in a similar way as the
waxen-walls in a honeycomb, and one ganglion cell is situated in
each cavity (vide fig. 40).

The membranes also extend into, and envelope, the processes
of the ganglion cells (vide fig. 26). Round the processes of a great
many cells, sheaths of a quite peculiar structure occur, these sheaths
will be mentioned in the description of the processes.

The protoplasm of the ganglion cells of the lobster has
been described in different ways by the many authors who have
treated the subject. In one of the later and more important me-
moirs on this subject, viz. that by FREUD (1882), it is, as we have
seen (p, 34), described as consisting of two substances, a reticulated
substance, and a hyaline viscous substance,

FREUD has specially examined ganglion cells in the fresh state.
I have also examined them in the fresh state, but could not arrive
at a lucid conclusion as to the structure of their protoplasm, neither
could cells isolated by maceration afford much better information
in this respect.

I saw a kind of reticulation, as described by FREUD. This re-
ticular appearance was especially distinct in macerated preparations
jemfr. fig. 23) the meshes having a circular shape (they have be-
come too distinct in fig. 23; the illustration not being a successfull
one); 1 could, however, not convince myself whether this appearance
was really produced by a substance having a reticular structure or
not. Besides this reticulation I could generally to some extent trace
out a concentric striation (cmfr. fig. 23, it was, however, never so
distinct as it appears in the illustration).

On examination of carefully prepared sections!) somewhat more
light was, however, thrown on the subject, though I must confess,
that there are several points in which I could still wish to come
to more clearness.

Fig. 24 is a part of a section through two large ganglion cells
in an abdominal ganglion. We can there see that the membranes
icm) enclosing the cells are stout, and are very distinctly marked.

1) The best preparation-method for this purpose [ found to be, fixing in
chromo-acelo-osmic acid and staining with Heidenhain's hamatoxylin {c¢mlir. p. 76,
or fixing in Lang's sublimate-solutien and staining in Heidephain's hematoxylin
(emfr. p. 77). To give the preparations, afterwards, a nuclear staining by Delafield's
hematoxylin is a very good practice (emfr. p. 76).
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In connection with these membranes we find, however, a very
strange structure. In B it has the appearance as if a series of deeply
stained oblong corpuscles were situated along the inner side of the
membrane. Upon closer examination we will see that these cor-
puscles are, as a rule, connected with the membrane by very
slender filaments. In some cases these filaments are even very thick
and the dark corpuscles appear thus to be transsected fibres or septa
issuing from the membrane (cmfr. fig. 24, b). On the other side
we will, on close examination, find slender filaments issuing from
the inner extremities of those dark corpuscles or fibres and pene-
trating into the protoplasm of the cells; indeed, we will see that
they anastomose and form a reticulation, extending through the
cell-protoplasm and distinctly visible in its outer layers. The
meshes of this reticulation are also largest in the outer layers near
the surrounding membrane (vide fig. 24). They have, here, very
often, an oblong form, going in a radiate direction towards the centre
of the cells, and having, sometimes, the appearance as if the meshes
were formed by filaments radiating from this centre to the surround-
ing cell-sheéaths; in fig. 24 B such an arrangement is very distinct.
Within these large meshes smaller meshes are generally seen (fig. 24).
These smaller meshes have, however, a somewhat different appear-
ance, they being not so distinctly visible; T am not sure whether
they are formed in quite the same way.

Towards the inner part of the cell-protoplasm (which is more
deeply stained) the meshes of the first mentioned reticulation be-
come much smaller and become similar to the small meshes just
mentioned, indeed, they cannot be distinguished from each other.
The meshes are so narrow that they arve visible only under the
higher powers of the microscope, and, even then, not very distinctly;
in small cells they are especially very difficult to observe.

In the filaments of this reticulation, granules and thickenings
occur, giving the cell-protoplasm, seen under lower powers of the
microscope, a granular appearance. These thickenings are, especially
in the large ganglion cells, very prominent in the outer layers of
the protoplasm.

In the small meshes of this reticulation, a hyaline substance is
suspended, very similar to the hyaloplasm of the nerve-tubes.

The question which now, as regards the reticulation, very na-
turally forces itself upon us is, whether is it a real spongy reticulation
extending through the protoplasm of the cells, or is it a reticulation
produced by a transsection of tubes in the same way as we have
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seen in the nerve-tubes. My opinion upon this point is, that this reti-
culation is, to some extent, a real one having partly a quite spongy
structure without the formation of tubes: to some extent the latter
must, however, also be the case, as we shall soon see. The substance
forming the reticulation has, as mentioned, a great resemblance to
the sheaths of the cells as regards its staining etc., and it is, in my
opinion, the same substance which forms the sheaths of the primi-
tive tubes in the nerve-tubes, viz. spongioplasm.

Before we subject the significance of this substance to a further
examination I think it will be well to look somewhat at the struc-
ture of the processes of the ganglion cells and their origin in the
cell-protoplasm.

The contents of the processes, within the cell, its
structure and origin in the cell-protoplasm. — The ganglion
cells of the lobster are, as a rule, unipolar; if they have several
processes, there is always one of the process which has a special
appearance, and which is the real nervous process; if other processes
are present they are, as I call them, protoplasmic processes, and
they have, in my opinion, a nutritive function, as will be subse-
quently mentioned. At present we will only consider the structure
and origin of the nervous process.!)

In well prepared sections, a distinct longitudinal striation of these
processes is easily observed. On observation of transversally trans-
sected processes, it is seen that this striation is produced by primi-
tive tubes having the same structure, and constituting the nervous
processes in the same way, as described of the nerve-tubes.

As regards the staining, the contents of the nervous processes
differs from the protoplasm of the ganglion cells; the latter having
generally a much darker staining. This difference is, for instance,
very prominent in fig. 37 & 38, where the contents of the longitu-
dinally transsected processes have a very light staining and a distinct
striation.

The origin of the nervous processes differs somewhat in the
various cells. In fig. 26 it has the appearance, as if the contents of
the nervous process arises from a convergence of primitive tubes from
the whole body of cell-protoplasm, in which they have a uniform
extension, and to which they generally give, to some extent, a con-

'} T have in reality, mever observed a multipolar ganglion cell of quite in-
dubitable multipolar shape, in the nervous system of the lobster. 1 am afraid that
it has very often been neuroglia-fibres issuing from meuroglia-sheaths which have
given rise to descriptions of multipolar ganglion cells.
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centric striation. Some of the primitive tubes we can in many pre-
parations even trace, for some distance, in their course through the
cell-protoplasm, of which they are not, as we have previously seen
(cmfr. reticulation described p. 1o1), the only constituent, but of
which they are, however, a principal part.') These primitive tubes
have the same structure and diameter as those we have described
in the nerve-tubes; they consist of hyaline contents, hyaloplasm,
enveloped in sheaths of spongioplasm, which has the same staining
and appearance, and is evidently the same substance, as that pre-
viously described (vide p. 101), as forming the reticulation in the
cell-protoplasm. In fig. 27 and 28 it is very distinctly seen that
these spongioplasmic sheaths of the primitive tubes are intimately
connected with the peculiar peripherically situated fibres (fig. 27, b;
fig. 28, b) issuing from the surrounding neuroglia-membrane.

In a great many ganglion cells these primitive tubes have not,
however, such an wuniform extension through the protoplasm as
illustrated in fig. 26. In the large cells they are generally united
to bundles, distinctly distinguished from the rest of the protoplasm.
In successfully stained sections,®) where they are transversally trans-
sected, they are distinctly visible as larger or smaller light areas
situated in the deeply stained protoplasm. Very often, when the
bundles of primitive tubes circulating in the cell-protoplasm are
numerous and small, we get scctions having the appearance illustra-
ted in fig. 25 and 27.

In ganglion cells containing such bundles of primitive tubes circulat-
ing in the protoplasm, the nervous process arises in such manner that
the bundles unite to form the process, as illustrated in fig. 27 and 25.
This union takes place generally within the cell-protoplasm, and the
contents of the nervous process has then, for some distance, an un-
divided course through the cell-protoplasm, and can be traced as a
large light area through a series of transverse sections (cmfr. fig.
28 and 2g). It is surrounded by thicker or thinner deeply stained
fibres (fig. 28, s and b; fig. 29, s and §") of the same substance as forms
the reticulation of the protoplasm (cmfr. p. 101). Some of these

') That it really is primitive tubes, with slightly stained hyaline contents, and
not sfibrillé« which circulate in the protoplasm of the ganglion cells, is easily
seen in preparations deeply stained by hematoxylin (e. g. fig. 37); they are distinctly
visible as light concentric lines where they are longitudinally transsected (emfr.
also fig. 38).

#) The fixing method and staining described p. 76 and p. 85 can especially
be recommended for this purpese.
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fibres are, in some sections, seen issuing from the sheath of the
ganglion cell. Similar fibres can also be traced into the prosesses
(fig. 27, b) where they have a longitudinal course (fig. 30, sf’, sf"). Some-
times, in the cells, they are so closely situated that it looks as if they
almost formed a sheath (cmft. fig. 28) surrounding the process-contents
for some distance into the cell-protoplasm, where they gradually
disappear and obtain the same appearance as the reticulated spongio-
plasm, which spongioplasm often apparently gives, even the smaller
bundles of primitive tubes in the protoplasm, a kind of relatively
firmer surrounding layer resembling a thin membrane, which layer
is generally more deeply stained by hamatoxylin than the surround-
ing protoplasm (vide fig. 25, 27, 28,v and 29, v, 7).

Sometimes the primitive tubes are united to a few and very
large masses situated peripherically in the cell.') Fig. 38, A represents
a section through such a cell; v and ¢ are the transsected masses
of primitive tubes. In fig. 39, which represents a more laterally
running section through the same cell, it is seen what an extensive
distribution these masses can have in the peripheral parts of the cell,
the section passes almost exclusively through such a mass of primi-
tive tubes. If we examine these light areas under high powers of
the microscope, we see that they exhibit the same reticulation which
we know from transversally transsected nerve-tubes and nervous
processes, and which reticulation evidently arises from the transsec-
tion of primitive tubes,

In many ganglion cells we find similar peripheral masses, which
are not, however, so distinctly defined as those just described. We
can, indeed, find every stage of transition, from cells such as those
illustrated in fig. 38, A to cells with a diffusive, uniform extension
of a lightly stained mass in their whole peripheral layers, such cells
are, for instance, illustrated in fg. 38, B and fig. 37. These peri-
pheral layers, of lightly stained mass, can have a more or less di-
stinct demarcation from the mesial, deeply stained, part of the pro-
toplasm, or they can also have a quite successive transition into it.

In the protoplasm of most ganglion cells we will, indeed, find a

') In macerated preparations these masses are often seen, having the ap-
pearance of vacuoli situated especially in the lmriplleral layers of the |'l|'lltl'l|'!i.‘l.‘\’|lll
of the cells and along their margins. For a long time | believed this appearance
of the cells to be of artificial nature, produced by the macerating agents. It was
first on examination of seccessfully prepared sections that | learnt their real nature.
In macerated cells, the striated process-contents could sometimes be traced into the
zell-protoplasm, it having, for some distance, an undivided course (vide fig. 23, A).
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tendency to stain most deeply in their mesial part, whilst the
peripheral layers are generally very light (cmfr. fig.s 24, 26, 27, 37,
38 B, 40). The reason is probably, to some extent, that the primi-
tive tubes occur in greater plenty in the peripheral layers, or rather
that. they are situated closer together, and that they are not to such
extent separated by layers of the substance which occurs in plenty
in the mesial parts of the protoplasm and give to it the deep staining
{vide sequel). In these lightly stained layers, a spongioplasmic reti-
culation, described above (cmifr. fig. 24), is generally more or less
visible, in fig. 37 it is, for instance, very distinct, and thick fibres
also occur (vide also fig. 38, B).

In other cells such a reticulation is but slightly visible, and we
find only circular meshes, which probably are transsected pri-
mitive tubes, this is especially the case in cells where these layers
are confined to masses distinctly defined from the rest of the pro-
toplasm as, for.instance, in fig. 38, A. Here, only a few such fibres
or membranes of spongioplasm are visible (s). )

In ganglion cells with such peripheral masses of primitive tubes,
the nervous processes do not spring directly from these masses but
seem to get their whole contents from the mesial deeply stained

') I think it must have been ganglion cells with similar light peripheral masses
which Freud mentions 1. c. 1881 p. 20—30. He says: =An den grossen unipolaren
Zellen erscheint eine oft sehr breite, einen griisseren oder geringeren Theil der Zell-
peripherie einnehmende Zone, welche durchaus homogen und dem Kerninhalt ihn-
lich ist.e He believes »dass diese homogene Zome durch den als »Zwischensub-
stanze beschrichenen Bestandtheil des Zellleibes gebildet wird, aus welcher die
netzfirmige, dunklere Substanz sich gegen den Kern zuriickgezogen hat. Es finden
sich auch hiufig penug Zellen, an denen zwei homogene Randpartien durch einen
dinnen Strang dunklerer, genetster Substanz, welcher noch an der Peripherie fest-
gehalten ist, getrennt werden.s  Freud supposes, consequently, those shomogene
Randpartiens to be appearances produced on the death of the cell. In the
sympatic ganglion cells, he describes somewhat similar masses of hyaline substance,
which he, however, rather believes to be a normal appearance belonging to the
live-state of the cells.

It may here, also he mentioned that Freud describes (I c. 1881 p. 26) and
illustrates (fig. 1 & 5} nervous processes having a peculiar origin in the ganglion
cells. He says of them: »In manchen Zellen ist ein Ubergangsstick zwischen Zell-
leib und Nervenfaser nicht vorhanden; die Nervenfaser entspringt in anderer, sekr
eigenthiimlicher Weise. Dieselbe schmiegt sich nihmlich in Gestalt eines hellen
Halbringes der Peripheric der Zelle an, um dann in's Innere des Zellleibes einzu-
treten.e Krieger (in his dissert. 1879) has before Freud (as Frend himself states)
described similar appearances, T think there is no doult that these structures are
of the same nature as those described above respecting the origin of the contents
of the nervous process (vide p. 103—104).
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protoplasm. This is, for instance, very distinctly visible in fg. 37,
as well as in fig. 38, A. [ have examined a great many cells having
quite similar appearance, but in them all I found the same relation
between the protoplasm and the contents of the nervous process.
Although the contents of the process is often surrounded by a lightly
stained mass at its entrance into the cell, it can, however, be seen
passing to the mesial deeply stained protoplasm (cmfr. fig. 37 and 38),
without giving off tubes to the light mass, it having an undivided
course for a shorter or longer distance into the protoplasm. In this
course it is, as described above, distinctly visible, and is surrounded
by thick spongioplasmic fibres (fig.s 37, sf’; fig. 38, sf). At some
distance from the entrance. the primitive tubes constituting this
process-contents spread, and are lost in the protoplasm of the
ganglion cell; generally, I could, however, trace some of them for
some distance in their course through this deeply stained protoplasm.')

To explain what relation there may be between the primitive
tubes of the nervous process and the peripheral masses of primitive
tubes in these cells is, of course, an extremely difficult matter. In
fact, I have not been able to trace out the connection between them.
We have, as mentioned, found every transition-form of ganglion
cells, from cells in which the contents of the process is spread at
once on its entrance into the cell (fig. 26), to cells where the contents
of the process passes undivided, and distinctly marked for a longer
or shorter distance into the protoplasm (fig.s 23, 28, 29, 37, 38) and
afterwards is uniformly broken up and spread in the protoplasm (fig.s
37, 38) or is to a greater or smaller extent broken up into bundles of
primitive tubes (fig.s 25, 27). We have also found every transition-
form, from ganglion cells having a protoplasm which is uniformly
deeply stained in the mesial part, and the staining of which gradually
passes over into a lighter one towards the peripheral layers (fig. 26),
to ganglion cells with a protoplasm which is deeply stained in the

1} Sections similar to those illustrated in fg. 37 or fig. 38, A, can certainly
very easily give rise to a belief in nuclear processes. If one had a little pre-
disposition to find nuclear processes, one could easily, for instance, in fig. 38. A
combine the process with the nucleus, and suppose the reason why this connec-
tion was not seen in the section was, that the section had not been quite successful.
I think, therefore, that the description of nuclear processes can to a greal extent
be ascribed to processes like those 1 have illustrated, which seen in isolated cells
can of course, in a still higher degree, give the appearance of being connected
with the nuclei Kn'ege;r has already made the same supposition regarding those
peculiar processes described by him, and which are, in my opinion, processes
originating in somewhat similar way as here described (emfr. fig. 23, A & fig. 25).
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mesial part, but has distinctly defined light masses in its peripheral
layers (fig. 38, A), or in which plenty of distinct, lightly stained
bundles, or small masses, of primitive tubes occur (fig. 25).

There is evidently a great variety in the structure of the proto-
plasm, as well as in the origin of the nervous process in the ganglion
cells. I do not think, however, that this difference of structure can
have any deep physiological significance, because we find every
stage of transition from one form to another. The peripheral con-
stituent of the protoplasm in all cells, is evidently the primitive tube.
The small circular meshes which are found in sections, every where
in the protoplasm, in the deeply stained as well as in the lightly
stained parts, are probably only transsected primitive tubes which
in the deeply stained parts of the protoplasm are more separated
from each other by thicker layers of a deeply stained substance
than they are in the light parts.

Where, and how, the primitive tubes terminate, or rather how
they originally are formed, I cannot say.

In a few cases I have, in the peripheral parts of some cells,
believed to see slender tubes pass to the enveloping neuroglia-sheath.
This appearance can, however, also be occasioned by the above
mentioned spongioplasmic fibres issuing from the sheath. If such
radiating tubes were really present in all ganglion cells, we could,
perhaps, easily understand the statement of Dr. RAWITZ regarding
the ganglion cells of the Acephales; viz. that hyaline small pearls
were exuded from the cells on pressure. These pearls consist, I
think, of hyaloplasm, and are probably exuded from primitive tubes,
which must either terminate in the envelope of the cell or must
have been broken by the pressure.

If we now consider what we have learnt of the protoplasm of
the ganglion cells, we may sum it up in the following results:

The cell-protoplasm is composed of primitive tubes consisting of
hyaloplasmic contents and spongioplasmic envelope, — further, of a
spongioplasmic reticulation, extending through the protoplasm and
also intimately connected with the surrounding cell-sheath — and,
finally, of a hyaline substance having much resemblance to the hyalo-
plasm of the primitive tubes.

The primitive tubes circulate, as we have seen, in the proto-
plasm, giving it often a concentrically striated appearance (fig. 23).
In large ganglion cells they are frequently united into a number



of thicker or thinner bundles, sometimes these even grow to con-
siderable masses, generally situated peripherically in the cells
{cmfr. fig. 30).

Jf we try to explain the connection and relation of these con-
stituents of the protoplasm to each other, we have indeed no easy
task. And it is, especially of this, I could wish to have obtained
more light.

That a principal part of the protoplasm of the ganglion cells
consists of primitive tubes, I think must be evident from what is
already described; that a great number of the small meshes, seen
in sections of the protoplasm of the cells (in the peripheral part as
well as in the mesial one) are transsected primitive tubes is, [ think,
very probable:

There must, however, in the protoplasm of the ganglion cells
be something also present, besides primitive tubes, because the pro-
toplasm is stained by hamatoxylin and other agents in a manner
very different from the contents of the nerve-tubes, which exclusively
consists of primitive tubes. By hamatoxylin, the protoplasm is
generally stained very deeply, except those bundles or masses of
primitive tubes which get a similar staining as the contents of the
nerve-tubes. This deep staining may, certainly, to some extent be
explained by a rich occurrence of spongioplasm (cmfr. the spongio-
plasmic reticulation described above p. 101). I feel, however, dis-
posed to think, that besides this spongioplasm another (myeloid:)
substance occurs, perhaps in connection with it. Spongioplasm with
this fattish substance!) is, | suppose, situated in thicker or thinner
layers between the primitive tubes running through the protoplasm,
and separates each of them more widely than is the case in the
nerve-tubes. Within the bundles or masses of primitive tubes, oc-
curring in large ganglion cells, this substance is not present, nor is
there apparently more spongioplasm than is generally present in the
nerve-tubes or the nervous processes.

The structure of the mnervous processes and their
sheaths, in their course outside the ganglion cells. — The
contents of the nervous processes is, as already mentioned, composed
of primitive tubes, in the same way as the contents of the nerve-
tubes. In its staining it is differentiated from the protoplasm of the

) That it is a fattish (myeloid?} substance is, I think, probable from the

dark or brownish staining of the cell-protoplasm by osmic acid. This is, however,
also the case with the common spongioplasm.
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ganglion cell, this difference being, as we have seen, already distinct
within the cell itself. It has, in preparations often, the same light
staining the whole way from the origin of the nervous process till its
entrance into the dotted substance (fig. 35); generally it is, however,
stained in a quite peculiar manner by hzmatoxylin. Fig. 30—33
represents various sections through a such process; it is the same
process the contents of which is also seen in fig. 28 and 2g. At
the agress from the ganglion cell (fig. 30), the contents of the
nervous process has the same light staining as already described.
At some distance from the cell the contents begins, however, to get
a darker, more black staining, especially in its peripheral layers (fig. 31).
At the same time the diameter becomes also diminished. At a
greater distance from the cell this blacker staining increases, and the
whole contents is stained quite dark or black (fig. 32), the diameter
of the process is also still more diminished. In fig. 33, the same
process is seen divided into two branches (a and ) which have the
same black staining as above. This black staining they retain till
their entrance into the dotted substance. The branchlets issuing from
them are also stained in the same manner. It is, of course, very
difficult to say what is the reason of this dark staining. I do not
think, however, that it is of qualitative nature. To some extent it
may, perhaps, be explained by the relatively small thickness of the
processes, and by their situation in a reticulated neuroglia through
which the fixing as well as the staining agents easily find their way to
these structures. It is, however, strange that, in the same section,
one can find some processes with dark contents, and other processes
with light contents, similar to the contents of the nerve-tubes (cmfr.
fig. 35 & 36). The branchlets issuing from these processes have
similar lightly stained contents, consisting of primitive tubes (cmiff.
fig. 35, br; fig. 36, br, br').

Spongioplasmic fibres similar to those surrounding the process-
contents within the ganglion cell (cmfr. fig. 28 & 29, also, generally
occur in the process itself. They have a longitudinal course along
the process, inside the sheath (vide fig. 30, sf', sf”") and can often be
traced to a considerable distance from the ganglion cell (vide
fig. 35, sf). They have a dark staining; sometimes it looks as if
they united to form a deeply staining peripheral layer round the
contents of the process inside the sheath (fig. 36).

The sheaths of the nervous processes are formed by the
neuroglia, and are stained in the same manner as this substance.
They have generally a peculiar structure, and consist often of a great
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many layers or membranes aranged concentrically round the contents
of the process; only the innermost layer of these membranes can,
however, be considered as the real sheath. What a great extension
these structures can obtain is, for instance, seen in fig. 34, where
pe is the contents of a nervous process, br is a branchlet issuing
from the process; mm the surrounding concentrically arranged neu-
roglia-membranes.

The nervous pocesses are sometimes provided with similar con-
centrically arranged sheaths quite from their origin in the ganglion
cell (fig. 25, sh). Generally, the sheaths do not, however, reach
their highest thickness before some distance from the cell, and they
do not consist of so many layers near their origin.

The nuclei of the ganglion cells are, as is a well-known
fact, enclosed by a thin membrane. That this membrane is not
seen in the live-state of the cell, as stated by FREUD, is, in my
opinion, from the same cause as makes the striation of the nerve-
tubes so slightly visible in the live-state. The refractive difference
between the protoplasm of the ganglion cell and the substance of
which this membrane consists is so small, that this difference must
necessarily be increased, for instance, by chemical agents, if the
membrane should become distinctly visible (vide fig. 23). With he-
matoxylin this membrane gives a distinct blackish staining (fig.s 37,
38, 40, 42) which is quite similar to that of the spongioplasmic re-
ticulation, and to the sheath of the cell. In my opinion, it is not
improbable that this membrane is also formed by the same spongio-
plasm as forms the reticulation in the protoplasm and the sheaths
of the primitive tubes.

The structure of the nuclei inside this membrane varies very much.
As already stated by FREUD, there appears within the nucleus a great
many changes, probably connected with the life of the cell and the
nucleus. In well fixed preparations we can, in fact, also find nuclei
exhibiting the greatest variation in their structure. Fig. 41 and 42
represent nuclei in various stages. Generally, each nucleus has one
nucleolus situated in its centre or also near its membrane (cmfr. fig. 38).
Sometimes two nuclei are present; the nucleus has, then very often,
an oblong form, and one nucleolus is situated in each pole (fig. 37);
it is, however, not unusual that the nucleus has a circular shape, and
that nucleoli are situated oposite to each other, near the membrane
(fig. 41). Sometimes no real nuclei are present, the whole nucleus
exhibiting a peculiar distinct reticulation with dark thickenings in
the points where the fibres of the reticulation unite (fig. 42, d).
Sometime fibres are seen radiating from the centre of the nucleus,
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and having dark thickenings at their extremities, near the membrane
of the nucleus (fig. 42, f) etc. etc. I will, however, pay no more
attention to these structures, here, as they are probably only pro-
duced by the nuclei being fixed in different stages of their life; in
some cases we have even, perhaps, a beginning segmentation of the
nucleus (fig. 42, e).

Nephrcpe norvegicus.

In Nephrops, the structure of the ganglion cells is quite similar
to what we have described of Homarus. In sections, the protoplasm
of the large cells generally exhibits quite similar light areas, resemb-
ling vacuoli, and arising from the transsection of bundles or masses
of primitive tubes. The contents of the nervous processes originate
in the same manner; a similar spongioplasmic reticulation is present
in the protoplasm, it being especially visible near the sheaths of the
cells with which it is intimately united. We can, thus, as regards
the structure of the ganglion cells of Nephrops, refer the reader to
our description of the ganglion cells of Homarus.

The Polychsetea

Sections of the large ganglion cells of the Nereide (N. virens etc.)
exibit, generally, a prominent granular appearance with a distinct
reticulation extending between and uniting the granules with each
other, the granules being generally situated at the points where the
walls of the meshes unite (fig. 43). Some of the granules are very
large and prominent, and are principally situated in the mesial part of
the protoplasm. They have, in my preparations treated with fluids
containing osmic acid and stained with hamatoxylin, a very dark
almost black staining, and they consist, I think, of a fattish (myeloid?)
substance. :

In a great many cells, I observed a differentiation in the stain-
ing of the protoplasm, somewhat similar to what is described of the
cells of Homarus. A disposition to a darker staining of the mesial
part of the protoplasm is very often observed; besides this the
larger granules are also, as just mentioned, situated especially here
which contributes somewhat to a darker appearance (vide fig. 44

') Whether the substance of these granules iz the same, or has any relation
to the substance which zives the nervous system of many Polychetes the well-
known reddish or yellowish staining, I cannot say, as I have not yet very closely
examined the ganglion cells of the Polychites in the live-state.
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and 45). There is generally no distinct demarcation betwen the
deeply stained mesial part of the protoplasm and the lighter pe-
ripheral layers; sometimes, however, such a demarcation is present,
the lighter stained substance being peripherically situated in various
more or less distinctly defined masses (fig. 44). Small bundles of
primitive tubes, similar to those which are often present in the
ganglion cells of Homarus and Nephrops, I have not generally ob-
served in the ganglion cells of Nereis. The contents of the nervous
process seems generally to originate in a gradual convergence of
primitive tubes in the protoplasm, towards the pole where the pro-
cess originates (cmir. fig. 43). Sometimes, I believe to have observed
the contents of the nervous process passing as an undivided, lightly
stained bundle for some distance into the protoplasm; consequently,
a structure somewhat similar to what is above described in the
ganglion cells of Homarus.

A spongioplasmic reticulation quite similar to the peculiar re-
ticulation in the ganglion cells of Homarus does not occur in Nereis,
so far as our experience goes, at all events not to such an extent. In
some cells, I have, however, observed spongioplasmic fibres issuing
from the neuroglia-membrane enveloping the cell and penetrating
into the protoplasm (vide fig. 43, sf and fig. 44, sf); probably con-
tributing to form the reticulation already described.

A question of great interest is, whether the reticulation, seen in
the sections of the cell-protoplasm of Nereis is a real reticulation
or only an appearance produced by transsection of primitive tubes?
I feel most disposed to believe that the latter is the case. Strange
to say, neither longitudinally transsected primitive tubes, nor a
concentric striation are as often seen in the ganglion cells as we
could expect if all meshes were transsected primitive tubes; some-
times we can, however, observe longitudinally transsected tubes in
the protoplasm. and the reason why they are not oftener seen is,
perhaps, because they have a very curved and complicated course.

The nuclei of the ganglion cells have, in the Nereida, a
similar structure as those of Homarus. They have a distinct sur-
rounding membrane, inside which a reticulation is extended; in this
reticulation dark granules are situated, generally at the points where
the fibres forming the meshes unite. One or sometimes two nucleoli
are seen, and sometimes no distinct nucleolus is present, but only
largish granules are spread in the reticulation (vide fig. 43, 44. 45).

The situation of the nuclei in the protoplasm is generally diffe-
rent from what it is in the ganglion cells of Homarus. The nuclei
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are very often situated in one side of the cell, near the surrounding
sheath (cf. fig. 44 & 45) and, not unusually, towards that side from
which the nervous process issues (cf. fig. 43,,). They are, thus,
very frequently situated outside the mesial, deeply stained, part
of the protoplasm (fig. 44 & 45). In the small cells they are
generally situated in the centre of the cell, and are proportionally
very large, being surrounded by a thin layer of protoplasm only.

The processes of the ganglion cells. — The ganglion cells
of the Nereida have generally a unipolar shape. Quite excptionally,
I believe to have observed, in sections, cells with multipolar shape;
there was always, however, only a single process in each cell capable
of being traced in its course into the central dotted substance.
The other processes were very short, immediately tapering off;
they were directed peripherically, or laterally, (never towards the
central mass) and were soon lost in the neuroglia. I could, however,
never quite convince myselfl of the real existence of such processes,
and it is only in a very few cases I believe to have seen them (fig.
67). T think that it is the issuing of neuroglia-fibres from the sheath
of the cells that has generally occasioned the descriptions of multi-
polar cells, as such fibres can look very like real cell processes
(cf. fig. 44).

The processes, or, as I call them, nervous processes, passing to
the central dotted mass, and of which each ganglion cell has only
one, have a structure similar to that of the nerve-tubes. They are
surrounded by a neuroglia-sheath, and their contents consist of
primitive tubes,

In other forms of Polychata the ganglion cells have, so far as
my investigations go, a structure similar, principally, to what is here
lescribed.

The membranes enveloping the ganglion cells are formed
by the neuroglia. They generally consist of one, or of a few, layers
only. In the small cells they are thin, but distinctly marked; in the
large cells they are often thick and well developed (vide fig. 44, em).
Neuroglia-nuclei adhering to them do not occur very frequently. 1)

') Dr. E. Hohde (1. c. 1886 p. 785) distinguishes between two types of
zanglion cells in the central nervous system of the Aphroditide. »Die Ganglien-
zellen der einen Art sind sehr schwach granulirt, deshalb von hellen Ausschen und
meist ziemlich klein. Thr Kern enthiilt stets mehrere verschieden grosse Kiarperchen
und tritt nach Firbungen in der durchsichtigen Ganglienzelle scharf hervor.e  sDie
Vetreter des zweiten Typus sind sehr grosse, kugelige Gebilde, welche durch eine
sehr dunkele Granulimng sofort in die Augen fallen.  Sie besitzen einen grossen,
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Lumbricus agricola.

The ganglion cells of Lumbricus are, in their structure, somewhat
similar to those of Nereis. In sections, their protoplasm has a distinct,
reticular, granulous appearance; large granules, similar to those found
in the ganglion cells of Nereis, do not, however, occur. The whole
protoplasm is, in preparations, rather deeply stained; the reticulation is
generally very distinct, slight thickenings are only seen in the points
where the walls of the meshes unite. The meshes are generally
very large; that they are, at all events to a great extent, really
transsected tubes is, I think, clearly seen in fig. 47, which represents
a section through a large ganglion cell, and which is drawn under
the camera lucida as exact to nature as possible (very highly magni-
fied). The tubes are, in this illustration, seen transversally as well
as partly longitudinally transsected, giving, the protoplasm to some
extent, a concentric appcarance; the tubes forming the nervous
process are seen to be quite like those circulating in the protoplasm.t)

In some cells, a kind of higher differentiation seems to be pre-
sent in the protoplasm; such a cell is represented in fig. 46. Lighter

fein g‘mnulirlen Kern und dieser ein einxigas grosses Kl'_irl'icmhen.: A similar dif-
ference in the appearance of the small and large ganglion cells is, certainly, very
prominent also in the nervous system of Nereis; but as I have found transition forms
between both these kinds of cells, I can not distinguish between lwo types. My
experience is to some extent that, the larger the eclls are, the more and more
granular become their protoplasm, and there can not easily be drawn any line of
demarcation.

As to the sheaths of the ganglion cells Rohde says: »Beide Ganglienzellen-
arten entbehren einer Xellenmembran und liegen eingebettet in ein Maschenwerk
von Fasern, welche iiberall das Nervensystem begleiten und, wie ich glaube, aus
Subcuticularzellen hervorgegangen sind.e  As may be seen from my description 1
agree with this statement of Rohde; his sFaserne or sSubcuticularfaserne belong
to what 1 call the newroglia.

Of the protoplasm of the largish cells Rohde says: sdass die ganze Zelle
nach allen Richtungen von veschieden starken Fiserchen durchzogen wird, welche
auf den Zellfortsatz ibergehen und diesem eine feine Lingssireifung verleien.  Aber
nicht nur hier verlassen diese Fiiserchen die Zelle, sondern man ist iiberrascht zu
sehen, wie sie theils einzeln, theils zu Biindeln vereinigt allenthalben an der Peri-
pherie des nackten Zellkirpers heraustreten und in die Subcuticularfaserhiille ein-
dringen.« It is evident that Rohde and 1 have observed the same structures: his
»Fiiserchens must partly be what in my opinion ace the spongivplasmic sheaths of
the primitive tubes (especially those which pass into the nervous process), and the
*Fiserchens penetrating in the Subcuticularfaserhiilles must be the spongioplasmic
fibres issuing from the newroglia-sheath of the cell (vide fig. 44, 8/ fiz. 45, sf; g 67).
and which fibres partly form a spongioplasmic reticulation in the protoplasm (com-
pare my description of Homarus p. ro1).

') The tubes in the protoplasm seem to be of different size in the various cells.
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and darker parts are here seen in the protoplasm, the latter ones
forming a sort of reticulation with very large meshes, in which
smaller meshes occur similar to those mentioned above. This is
perhaps an appearance produced by a structure somewhat similar
to that which is described in the ganglion cells of Homarus (cf.
fig. 25 & 27). The large meshes, or lightly stained areas, are perhaps
transsected bundles or small masses of primitive tubes.

Such a prominent spongioplasmic reticulation as we have found
in the ganglion cells of Homarus is not present in the ganglion cells
of Lumbricus, indeed, it is very difficult to detect anything similar to it.

We have thus, the protoplasm of the ganglion cells of Lumbri-
cus, according to my investigations, consisting principally of primitive
tubes, with distinctly marked spongioplasmic sheaths; besides this
there must, however, also be another subtance present, as the pro-
toplasm is more deeply stained then the contents of the nerve-tubes.
This protoplasm has therefore, in Lumbricus, a composition which
probably is very similar to what is present in the ganglion cells of
Homarus.

The processes of the ganglion cells. — The ganglion cells
are unipolar or multipolar. Each cell has, however, never more than
one nervous process passing to the central dotted mass of the nerve-cord.
The other processes are very short, have the same appearance as the
protoplasm of the cell, and are lost in the surrounding reticular neu-
roglia, or can be traced to their connection with the neurilem-sheath
or perinewrium surrounding the ventral nerve-cord inside the mus-
cular layer (vide fig. 68). These processes I call protoplasmic pro-
cesses, and their function is, I suppose, of nutritive nature. All
ganglion cells are thus, in reality, of unipolar nature.

The structure of the nervous processes is similar to that of the
nerve-tubes; their contents consist of primitive tubes, and they are
eveloped by a neuroglia-sheath which is a direct continuation of the
membranes or sheaths enclosing the ganglion cells from which
they issue,

The nuclei of the ganglion cells are comparatively large.
They have the same appearance as described above, with a distinct
surrounding membrane and a varying inner structure. Their situation
in the cells is also somewhat variable; they are very often situated
towards that pole from which the nervous process issues; this is
perhaps the most common situation (fig. 46); sometimes they are,
however, also situated towards the opposite end of the cell, or in
its mesial part (vide fig. 47).
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The membranes enveloping the ganglion cells are
formed by the neuroglia; they are generally very thin and only little
prominent. Oeccasionally, neuroglia-nuclei are seen adhering to them.
They are intimately connected with the reticulation of neuroglia
extending between the ganglion cells (vide fig. 47 & 68).

The Molluace.

The structure of the ganglion cells af Pafella vulgata is very
similar to what we have found in Lumbricus. Their protoplasm
exhibits, in sections, a distinct reticulation with rather largish meshes
wide fig. 48, 49 and 30). In this reticulation small granules are
seen, situated in the same way as described above, viz. in the points
where the walls of the meshes unite. The meshes are, to a great
extent, transsected tubes, this is seen in several cells where some
tubes are longitudinally transsected.!)

In macerated preparations plenty of large yellow granules are
generally seen in the protoplasm of the ganglion cells. These gra-
nules have a variable size, and no regular shape, they are sometimes
spherical, sometimes square or polyhedrical, and they look as if they
were produced by coagulation of a homogeneous yellow substance.
They are often extended through the whole mass of the protopiasim,
very frequently they are, however, concentrated in special parts of
the cells, especially in the neighbourhood of the nucleus. Plenty of
similar smaller or larger granules generally occur, also, outside the gan-
glion cells, in macerated, preparations, They frequently occur in such
number that one, for a time, could feel disposed to believe that
they belonged to a substance extended through the whole nervous
system.  Sometimes they are even united to larger homogeneous
masses. Upon careful examination T have, however, come to the
conviction that they are, either exuded from cells, or they may also
spring from destroyed cells. I have sometimes observed such a
substance exuded from the protoplasm of cells.

Fig. 52 represents such a case. The substance is here seen
occurring inside, as well as outside, the cell. Inside the cell, the gra-
nules are concentrated towards the part of the surface where they

') The reticulation which Rawmits deseribes, in the ganglion cells of the
Acephales (vide p. 63} is, withont doubt, the same appearance as here deseribed,
and it is, tonsequently, in my opiniva, 0o real reticulation but, to a great extent, an

appearancs produced by primitive tubes, which are seen in optic, or real transverse,
sections,
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are probably exuded, outside the cell they are united to larger pieces
of irregular shape. The granules are not only situated nearthe surface
of the cell, but also occur in the mesial parts of the protoplasm;
this can easily be seen by changing the level of the microscope.

.The relations of the substance of these yellow granules in
the live-state of the cells, I have not sufficiently examined, neither
am I in a position to say of what it consists. It is obviously this
substance which gives the nervous system of Patella, as well as
other Molluscs, the well-known yellowish collour, and which RAWITZ,
HALLER, H. SCHULTZE, SOLBRIG, BUucHHOLZ and others have de-
scribed as pigment. T think it is most probable that the yellow
colour is due to a substance, related to, or similar to h&moglobin;
the substance contains, probably, also fat, as the granules are deeply
stained by osmic acid. Strange to say, 1 have, as a rule, not been
able to observe quite similar granules in the sections of the cells.
The reason why I do not exactly know, as my investigations arc
still too imperfect in this respect.') As also suggested by HALLER,
I think it is very probable that this substance is principally engaged
in the nutrition of the ganglion cells, T suppose that the correspond-
ing substance in the ganglion cells of Homarus is the fatty substance,
the existence of which we have above (vide p. 108) indicated.

In the sections of some cells, T have observed a slight tendency
to a differentiation of the protoplasm into darker and lighter stainedd
parts (vide fig. 48). This tendency is, however, never very promi-
nent. Generally, the protoplasm has a rather uniform, somewhat
deep staining, which possibly indicates the extension of a (myeloidf
substance, connected with the spongioplasm, through the whole
protoplasm of the ganglion cells, as before mentioned in my descrip-
tion of the ganglion cells of Homarus, and possibly this substance
is of the same nature as that which forms the granules (above
mentioned) in macerated preparations.

The processes of the ganglion cells. — The ganglion cells
have a unipolar, bipolar or multipolar shape. Whether unipolar or
multipolar, each cell has one mervous process only, passing inte
or through the central dotted substance, the other, profoplasmic
processes, if they are present, are always very short, and have an
appearance similar to the protoplasm of the cell. They are immedi-
ately lost in the neuroglia-reticulation, or they pass to, and unite
with the perineurium surrounding the central nervous system.

) In a great many sections I have found a homogeneous yellow substance

being extended in the protoplasm of the ganglion cells. [t scems to be the same
substance which forms the granules in isolated cells.
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system. Their function is, in my opinion, of nutritive nature, as
mentioned before.!)

The contents of the nervous processes consists of primitive tubes.

The nervous processes (as well as the protoplasmic ones) are
enveloped by neuroglia-sheaths adherent to which neuroglia-nuclei
may be seen.

The nuclei of the ganglion cells have a structure similar
to what is before mentioned as regards the nuclei of the cells of
Homarus etc.

They are generally situated in, or towards, that pole of the cell
from which the nervous process issues. Sometimes they are also
situated in the mesial part of the cell and very seldom in the end
opposite to the nervous process.

They have a relatively large size; when they are situated near
the origin of the nervous process, they generally fill nearly the
whole diameter of the cell, leaving only a narrow layer of proto-
plasm, through which the connection of the nervous process with
the upper principal part of the protoplasm is produced (vide fig. 53).
Frequently the space between the nucleus and the membrane en-
veloping the cell is, however, so extremely narrow, that it looks as
if only a very few primitive tubes could pass; it has, indeed, the
appearance as if the protoplasm of the ganglion cell was almost
divided by the nucleus into two separate parts.

In one case I have seen a nucleus sending a short process into
the nervous process (vide fig. §4); this short process was very
distinct, and appeared to be formed by the nuclear membrane; it
may be that it has only been an artificially produced, post-mortem,
appearance.,

The neuroglia-membranes enveloping the ganglion cells
are thin and but slightly prominent. Neuroglia-nuclei, adherent to
them, are occasionally seen. They are intimately connected with the
neuroglia reticulation extending between the ganglion cells (fig.
48—50, nur). When HALLER and RAWITZ seem to deny to some
extent the existence of such membranes, I think that it is owing

1) In the peripheral layers, almost all cells have unipolar shape, in the inner
layers (towards and in the dotted substance), the bipelar or multipolar shape is more
common; as will later, in a separate chapter, be treated of, this also indicates the
nutritive significance of the protoplasmic processes. Real anastomoses of proto-
plasmic processes from the same cell, or from various cells, [ have never been able
to chserve, and do not believe either in their existence or in the significance
which Haller and most writers attribute to those processes (vide sequel).
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to imperfect staining. As above mentioned, these membranes also
envelope the processes issuing from the cells.

The Agzcidians.

- The protoplasm of the ganglion cells of the Ascidians
has, in isolated, macerated preparations, a reticular appeacance (vide
fig. §5—506), quite similar to what is before described in Mollusca,
Lumbricus etc., and which appearance is, I suppose, to a certain
extent, produced by primitive tubes, which in a complicated way
are woven between each other and are, in the preparations, partly
seen in optic diameter. It is remarkable that a concentric arrange
ment in the protoplasm round the nucleus can, only very seldom, be
traced out. The shape of a great many cells, and the situation of
the nuclei is, perhaps, to some extent, the cause of this. In sections,
the protoplasm of the cells exhibits a reticulation similar to what is
observed in isolated cells. At the points where the walls of the
small meshes unite, small thickenings or granules occur, giving the
protoplasm a slightly granular appearance.

I have never observed in or outside the ganglion cells of the
Ascidians, yellow granules, similar to those just described in the
ganglion cells of Patella, neither in macerated preparations nor in
sections.

In sections of some large cells, I have observed a tendency to
differentiation into small lighter stained areas, similar to what is de-
scribed in the ganglion cells of Homarus. This differentiation is
not, however, very prominent {vide fig. 58, a).

In preparations treated with osmic acid, or fluids containing this
agent, the whole protoplasm of the ganglion cells is also wvery
deeply stained by carmine colours (picro-carmine).’) This indicates
perhaps the presence of a special substance (compare what is said
of this above.)

The nuclei of the ganglion cells have a distinct thin mem-
brane, and an inner structure which has a varying appearance, similar
to what is above mentioned in respect of the ganglion cells of
Homarus etc. A distinct nucleolus is generally seen. The nuclei
are relatively large; they are situated in the mesial parts of the cells,

'} A method which in my experience is very good for the “nervous system
of the Ascidians, is treating with osmic acid (3—1 "f,) for 3—1 hour, ur even
longer, then sufficient washing in running water and staining in good picro-
carmine (1 °/,) for 24 hours or longer.
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or also sometimes near the pole from which the nervous process
issues or in the opposite side.

The processes of the ganglion cells. — The most common
shape of the ganglion cells is the unipolar one; the large, peripheric-
ally situated cells, especially, are of this shape (fig.s 55, 56,58). In
the inner layers and in the dotted substance, cells with bipolar, tri-
polar or multipolar shape occur (fig. 57). FEach cell has only one
nervous process, the other processes are profoplasmic, and their
function is of nutritive nature. That is also, in my opinion, the
reason why they principally occur in connection with cells situated
in the inner layers, and are directed towards the external sheath
(perineurium) enveloping the brain.

The nervous processes exhibit a longitudinal striation, and their
contents consist of primitive tubes. They are, in macerated prepra-
tions, only lightly stained, and have an appearance different from that
of the protoplasm of the cells. The protoplasmic processes resemble,
in their appearance, the protoplasm of the cells.

The meuroglia-membranes enveloping the ganglion
cells are very thin and but slightly prominent. The neuroglia is
but little developed, and occurs very sparingly between the gang-
lion cells in the brain of the Ascidians.

Summary.

If the reader has followed me in these researches on the struc-
ture of the ganglion cells of various types of invertebrates, he will
have gathered that there are some principal features in the structure
which seem to be common to all the types investigated; and, if it is so,
we may conclude as above, in respect of the structure of the nerve-
tubes, that those features in the structure of the ganglion cclls are
common to all invertebrated bilaterates. We may thus give the
following summary of our results:

1) The ganglion cells of all invertebrated bilaterates consist of
a nuclexs with distinct membrane, and a varying inner structure, and
also of a protoplasm with various constituents: the cells are enclosed
by a membrane of neuroglia-substance.

2) The principal constituents of the protoplasm are primitive fubes,
having the same structure as those in the nerve-tubes (they contain
hyaloplasm enclosed in spongioplasm). The course, and origin (or
termination) in the cell, of these primitive tubes I am not in a posi-
tion to describe particularly; some of them very frequently circulate
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for some distance, concentrically, round the nucleus, giving the
ganglion cells a concentrically striated appearance.

In some ganglion cells, especially those of Homarus and Nephrops,
primitive tubes are partly united in bundles, or to smaller or larger
masscs situated in the protoplasm, and which are distinctly lighter
stalmng than the rest of the protoplasm, in which, however, also.
plenty of primitive tubes occur (fig. 38).

In a great many, or possibly in all, ganglion cells a spongioplas-
mic reticulation is present, extending from the enclosing neuroglia-
membrane into the protoplasm, between the primitive tubes, and
intimately connected with the spongioplasmic sheaths of the latter,
This reticulation is very prominent, especially in the ganglion cells,
of Homarus and Nephrops, where thick spongioplasmic fibres af a
peculiar appearance, and connected with the reticulation often occur
in the peripheral layers of the protoplasm, penetrating from the
neuroglia-membrane into the protoplasm (fig. 24).

Besides this reticulation, there is, probably, also a special, partly
fatty (myeloids) substance present in all ganglion cells of inverte-
brated bilaterates, which substance does not generally occur in the
nerve-tubes.  This substance possibly occurs to some extent, in
connection with the spongioplasmic reticulation, and extends between
the primitive tubes of the protoplasm, giving the latter, in preparations,
the deep staining which is generally prominently different from the
staining of the contents of the nervous processes and nerve-tubes
where primitive tubes only occur.

Whether it is the same substance which, in the ganglion cells
of a great many animals (cf. Polychata, Mollusca ctc‘.;. is connected
with a pigment (hamoglobin?) and gives the nervous system its
special colour, T am not in a position to decide, although I think it
not improbable.

3) The processes of the ganglion cells are of two kinds: viz
nervous processes and protoplasmic processes.

Of nervous processes cach ganglion cell in the central nervous
system has aliways one and never more. The nervous processes are
generally directed, centrally, towards the dotted substance.

When the ganglion cells are multipolar (the unipolar cell is,
however, the most common type in invertebrated bilaterates) the
other processes are protoplasmic ones, and they are generally short
and directed peripherically, they having a nutritive function and
being united with the neuroglia. As regards structure and appear-
ance, they are quite similar to the protoplasm of ganglion cells.



4) The contents of the nervous processes consists of primitive
tubes which spring from the protoplasm of the ganglion cells,
generally in such manner that they converge uniformly from the
whole protoplasm, towards the pole where the nervous process
issues; here they unite, and constitute the contents of the latter
(fig.s 26, 43—38).

In some ganglion cells (observed in Homarus and Nephrops)
the contents arises from a union of bundles of primitive tubes. The
contents of the nervous process may also be formed, in this or the
common manner, within the protoplasm of the cell for a shorter or
longer distance from the place where the process issues, the process-
contents has thus, to some extent, an undivided course through the
protoplasm within the cell itself (fig.s 37, 38 A, 39. 60). These latter
modes of origin I have observed especially in Homarus and Nephrops.

3. The structure of Leydig's dotted substance.

The nature of the so-called LEYDIG's dotted substance (»Punkt-
substanz=), which is centrally situated in the nervous ganglia or the
central nerve-system of all invertebrated bilaterates, has been very
much discussed, and has been described in very different ways by
the many previous authors on this subject, as is already mentioned
in the historical introduction to this paper.

Where so many prominent scicntists have given their opinion,
it is, of course, a serious matter to suggest a new view which is
contrary to almost all previous views.') It was therefore not with-
out some hesitation and only after careful investigations that I
entered upon the description of the dotted substance in the nerve-
system of the Myzostomes?) and subsequently upon the dotted sub-
stance in the brain of the Ascidians.?) Since that time I have
extended my investigations to a great many animals of various
classes, and have always found my previous results confirmed in
the principal respects.

My investigations lead me, thus, to maintain the view I have
previously stated, and I am now in a position to state it, as I

') Leydig is, as before mentioned, the author with whom 1 can agree in
maost respects.

L oc. 1886,

) 1. c. 1886,

- 160 —



nope, with better and more complete expression. As will be seen
from the following description, the structure of the dotted sub-
stance is essentially the same in all the animals investigated. The
animal in which I have found it easiest to get a clear idea of the
structure is Homarus, the ventral ganglia of which give an excellent
material for investigations of this nature.

Eomarus vulgaris.

Sections through the brain or the ventral ganglia of Homarus
exhibit, in their mesial part, a more or less minute reticulation; to
some extent this reticulation even passes over into masses which,
on a superficial examination, have a dotted appearance, for which
reason LEVDIG has also called it sthe dotted substances (»Punkt-
substanze), without intending, however, that this designation should
be understood in its literal signification. On a more careful exa-
mination of good and successfully stained sections, even these masses
with the finest granular appearance exhibit a reticulation with very
minute but still distinct meshes; the granules are thickenings in the
reticulation. On examination of sections through a ventral ganglion
we will, indeed, find reticulations with meshes of all possible sizes,
from the transsected large nerve-tubes (dorsally situated and issuing
from the longitudinal commissures or from the peripheral nerves) down
to the extremely minute meshes in the dotted masses just mentioned,
which meshes are of about the same size as the transsected primi-
tive tubes in the sections of the nerve-tubes or even much smaller.

The substance forming this reticulation is rather uniformly
stained through the whole mass, and in a manner similar to that in
which the neuroglia-sheaths of the nerve-tubes are stained (vide
fig. 62). It is a distinct staining which is, consequently, different
from that of the spongioplasm in the nerve-tubes (vide fig. 62).
This makes me believe that it is not quite the same substance as
that which I have, previously, in this paper called spongioplasm, but
that it is rather the neuroglia-substance which forms this reticulation,
as T can, really, see no distinct differcnce between the neuroglia
enclosing the smaller or larger nerve-tubes and the substance form-
ing the smallest meshes.

Within the meshes a lightly stained, hyaline, substance occurs,
which is similar to the hyaloplasm of the nerve-tubes.

A question of great interest is now, whether these small meshes,
seen in sections, belong to a a real reficulation formed by Abrille,
as almost all writers agree in describing it (some writers call it

- 161 —



snervous retic.« others call it partly sretic. of connective-tissues) or
whether they are transsected tubes similar to the meshes produced by
the transsection of the larger nerve-tubes with which we are already
acqvainted. In the former case, the hyaline substance seen within
the meshes should be interfibrillar substance, in the latter case it
must be a substance filling the tubes, probably hyaloplasm.

On careful examination of transverse sections we will ithmediately
receive a reply to this question. If the meshes are transsected tubes,
we may expect to find in a section through a mass consisting of a
plait of such slender tubes, not only transversally transsected tubes
but also longitudinal transsected ones. And that is, in fact, the
case. On a glance at fig. 62 (which represents a part of a trans-
verse section through a ventral ganglion of Nephrops norvegicus,
which is, however, so quite similar to Homarus, in this respect, that
we can indeed see no difference) we will, in the fine reticulation
(ds) be able to see transversally transsected tubes as well as longi-
tudinally transsected ones, the latter having the shape of more or
less oblong meshes.

On examination of spots where small parts of nerves originate
in similar masses of dotted substance, its composition of tubes
will be still more evident. Fig. 01 represents such a spot, highly
magnified, in the mesial part of the first ventral ganglion of Homa-
rus. That the meshes, tpt, are transsected tubes is, I think, dis-
tinctly seen; ¢ is a tube partly longitudinally transsected; a is a
bundle of similar tubes issuing from various parts of this mass of dotted
substance and passing to the root of a nerve. Many similar proofs of
the tube-nature of the meshes, seen in the dotted substance, can be
found on examination of sections through the ganglia of Homarus, and
each of them speaks so clearly that I think it, really, to be a waste
of time to give further, circumstantial, description of it at present.?)

Having thus elucidated this question regarding the tube struc-
ture of the dotted substance, the next question of interest becomes
— of what kind these tubes are, whether nerve-tubes or primitive
tubes, or what else?

Nerve-tubes are, as previously mentioned, present in great plenty
in the dotted substance, as will be seen in fig. 62—65. These nerve-
tubes have all possible gradations from large, fig. 02, {né' and taf,
down to very small ones, of which we have, for instance, a trans-
sected bundle in fig. 62, s at. The smallest meshes or tubes, ds,

'} In some parts of the dotted substance the tubes are somewhat loosely situ-
ated, and the intervals hetween them are then filled with a neuwroglia sponge-work.
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are, however, all of them, smaller than those small nerve-tubes, and
they have, to a certain extent, a rather uniform size, with their dia-
meter about the same as that of the common primitive tubes of
the nerve-tubes (vide in ¢ nf). There are, also, a great many ex-
tremely minute meshes or tubes which are even smaller than the
smallest primitive tubes I have been able to observe in the nerve-
tubes. These minute tubes will, subsequently, be more circum-
stantially described. The principal difference between the primitive
tubes of the nerve-tubes and the tubes of the dotted substance is
that, the latter have more distinct and deeper stained sheaths. Seeing
how nerves are formed by the union of these tubes, it is, therefore, in
my apinion, evident that they are primitive tubes with stouter sheaths
than they have in the nerve-tubes. These, the sheaths, in the
dotted substance, seem to be formed or, at all events, made stronger
by the same neuroglia which also envelopes the nerve-tubes: this
neuroglia does not seem, however, to be very distinctly distinguished
from the spongioplasm, as we have, also, previously seen in the
ganglion cells (cf. p. 100—102). Inside these primitive tubes, I have
been able to observe any structure, only the hyaline substance,
hyaloplasm, above mentioned. The granules which have given the
dotted substance its name, are, partly, thickenings in the sheaths of
the tubes, especially along their concreting edges; to some extent
they are extremely slender tubes traussected (vide sequel).

The meshes which are somewhat larger than those small meshes
in the dotted substance, are, I think, transsected small nerve-tubes
consisting of a few primitive tubes only.

We have thus, in the dotted substance in the ganglia of Ho-
marus, a complicated plaiting or web of primitive tubes, and partly
of nerve-tubes, of various sizes. On examination of longitudinal
sections we will find that, these tubes have in the dotted substance
of the ventral gangliz, to a certain extent, a tendency to follow a
longitudinal course; this is especially the case in the parts where the
nerve-tubes issuing from the longitudinal commissures are situated.
To some extent, we also find bundles of nerve-tubes running trans-
versally as commissures from one side of the central nerve-system
to the other, or also running to the peripheral nerves.

Smaller or larger distinctly defined masses, apparently consisting
exclusively of primitive tubes, are mesially situated in most ganglia;
they are, however, especially prominent in the first ventral ganglion
and in the brain; fig. 61 represents, as before mentioned, a part of
such a mass situated, mesially, in the first ventral (thoracic) ganglion.
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The illustration is drawn under the camera lucida and very high
microscopical power.

As we can not undertake the very complicated topography of
the ganglia of Homarus in this paper, we will not enter upon the
topographical peculiarities here, which KRIEGER, YunG, DIETL and
others have already to some extent previously described; we must
confine ourselves to indicate the constituents of the various masses
of the sfibrillar« substance (dotted substance) filling the mesial parts
of the ganglia. The constituents of these we have found to be
primitive fubes, or also nerve-tubes, and neuroglia.

Though I have not, as mentioned, been able to observe any
structure inside the primitive tubes described there may perhaps be
a still smaller or more minute constituent in the dotted substance.
Such minuter constituent I have, however, not observed in common
preparations stained in hamatoxylin, carmine etc.; it is only on
application of the chromo-silver method, mentioned p. 77 \
and partly on staining by HEIDENHAIN's h&matoxlin  method,
that it has been possible to observe such a constituent, and even
then only imperfectly. It consists of extremely slender fibrille or
rather tubes, which run in all directions in the dotted substance
between the larger tubes, and whose diameters are much smaller
than any of the primitive tubes described. Such fibrille or tubes
are seen in fig.s 63—65. Many of them are, here, seen to be given
off from larger nerve-tubes. Some of them have, at certain |ntervals,
varioceles (vide fig. 63, f; fig. 64, i, vf.), and resemble in their appear-
ance the varicose nerve-fibrille 1 have found in the central nerve-
system of Myxine (and which will be subsequently described) and
the varicose nerve-fibrilla described by GOLGI in the central nerve-
system of the Mammalians, and, further, the nerve-fibrillz described
by BELLONCI in the tectum opticum etc. of fishes and birds, etc. etc.
In the varioceles extremely slender branches are probably given off,
these have, however, only in a few places been stained. The varioceles
exepted, the fibrillez are smooth and have a deep reddish-black
staining. As will be seen from the illustrations, their thickness is
very variable; they subdivide and at each subdivision they grow
thinner.

Whether the structure of those fibrille is that of tubes with
sheaths and semi-fluid contents, as we have previously described the
primitive tubes to have, is of course extremely difficult to decide.
We know, at present, so very little of the nature of the chromo-
silver staining, that it can only give us little instruction in this
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respect. The reason why these fibrillae, and also small nerve-tubes,
are so distinctly and deeply stained, whilst the sheaths of the larger
nerve-tubes only get a light reddish staining is, for instance, very
difficult to explain. Seing, however, that it is only the sheaths of
the larger nerve-tubes or a layer just inside the sheaths which be-
comes stained, we may perhaps conclude that this is also the case
with the smallest nerve-tubes; indeed, we can, to some extent,
observe it in transverse sections of them, though their contents
also appear to be somewhat stained. Seeing that it is the case
with the smallest nerve-tubes from which these fibrill2 issue, and
which they quite resemble in their staining, it is, in my opinion,
most trobable that they also have an external layer which is the
essential staining part of them, notwithstanding that the contents are
also stained. That it is principally the external layers of the fibrille
which are stained, can sometimes be observed, especially in the
thicker fibrillee, or in their varicose thickenings. To speak more
distinctly I will say that I do not think it is the external part of
the neuroglia-sheaths, but that it is either their internal parts or rather
a layer inside them which is specially staining in these slender tubes.
Judging from chromo-silver preparations I think therefore that
it is probable these fibrill& are tubes, the smallest of which must
consequently have an almost infinitesimal diameter. On examination
of preparations stained with HEIDENHAIN's h&matoxylin method we
arrive at very similar results; indeed, the tube-structure of these
slender fibrillee (which are also partly stained by this method) is
still more evident. Fig. 65 represents a part of a section through
such a preparation of the dotted substance {drawn under the cam.
luc. and very high powers of the microscope). The slender fibrillz,
which are deeply stained, are seen longitudinally or transversally trans-
sected in this very thin section. Transversally transsected they
appear, partly, as extremely minute meshes, which we have before
mentioned. Longitudinally transsected they, partly, exhibit very
distinct longitudinal outlines and a lighter contents. Frequently they
are, however, so slender, that no such structure can be distinguished,
neither in transverse sections nor in longitudinal ones. Of the tube-
structure of these smallest fibrillaz T must, therefore, once more ex-
pressly say that we do not yet know anything with certainty.
Another question is, whether are those fibrille or tubes only very
thin primitive tubes which by subdivision etc. have become so thin,
or are they a special constituent contained in the primitive tubes?
Secing that they issue from nerve-tubes, I think it is evident that the
former, or the latter must be the case, ferfium non datum. That they
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are of real nervous nature, and are not simply fibres belonging to the
connective substance, neuroglia, is not, I think, open to argument.

To decide the above question is not easy. As before mentioned,
it has not been possible to detect any structure inside the sheaths
of the primitive tubes, neither in the nerve-tubes nor in the dotted
substance. In spite of this a structure may of course be present;
the primitive tubes are already so very minute that even our present
powers of the microscope, though high, would not readily suffice to
exhibit such a structure of small tubes or fibrill& inside them. We,
therefore, at present, stand, here, before a terra incognita, and must
content ourselves with suppositions, which we will, however, leave
the reader to form for himself. What we know is that, these
fibrill spring from subdivisions of nerve-tubes or primitive tubes
— or they are given off, from them, in form of slender lateral
branchlets, and it is then, perhaps, most reasonable to assume that
they arise only by a subdivision of primitive tubes.

As to their course in the dotted substance, I will expressly
say that, I have never succeeded in observing these fibrille to form
a reticulation with real meshes, neither have | seen them anastomose
with each other. They frequently exhibit, in sections, an extremely
complicated course with a great many subdivisions and branches,
but in my preparations they always avoid union with cach other.
They form, consequently, a kind of loose plaiting or web and not a
reticulation as most authors describe. They pass along the walls
between the thicker tubes of the dotted substance.

What previous authors have described as nervous reticulation
in Homarus, as well as other invertebrates, is, as mentioned above,
the transsected tubes, primitive tubes and nerve-tubes, forming the
dotted substance, the sheaths of which tubes, in sections, give the
appearance of a reticulation. LEvYDIG describes, as mentioned p. 60,
a sponge-work (»Schwammwerk«, »Balkenwerke«) in the dotted sub-
stance, which sponge-work he supposes to be of the nature of a
support; the real nervous substance, hyaloplasm, is diffusively ex-
tended in the cavities of this sponge-work.') As may be seen from

") Leydig does not exactly state what he supposes to be the origin of this
reticulation. In sZelle und Geweber 1885 p. 173—174 he only speaks of the
dotted substance as containing a sprotoplasmatisches Netz- oder richtiger Schwammn-
werke.  Of this sSchwammwerke or sBalkenwerks he says: swo nun Nervenur-
sprunge gesetzt sind ordnet sich das Balkenwerk zu Langsstreifen, die zwischen
sich die homogene Grundsubstanz ebenso aufnehmen, als es in dem sich durch-
kreuzenden Maschenwerk geschehen ware  In another place he says, however, that
the dotted substance sentsteht durch fortgesetzte Theilung und netzige Auflosung
der Fortzitze der Ganglienkugeln, genauer gesagt, ihres Spongiplasmas (L c. p. 187).
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my description, above, I agree principally with LEYDIG, as to the
nature of the two substances, but we do not agree as to their
structure. LEVDIG calls the substance of his reticulation spongio-
plasm; as I have tried to distinguish between spongioplasm and neu-
roglia, I have called the same substance meuroglia, which, however,
in my opinion, forms tubes (enveloping primitive tubes or nerve-tubes)
and not a sponge-work in the dotted substance. LEvYDIG does not
draw any line of demarcation between spongioplasm and neuroglia.
His opinion is that, what he calls spongioplasm is a reticulated sub-
stance which is present in the ganglion cells, as well as in the cells
of the neuroglia, or the connective-tissue as he calls it; and that
there is, in the nerve-system of the vertebrates, an intimate connec-
tion between the spongioplasm of both kinds of cells (cf. op. cit.
p. 187—18g). In a future paper on the structure of the neu-
roglia, the writer will have an opportunity to treat of this subject
more circumstantially.

The origin of the primitive tubes and fibrille of the
dotted substance. — Having described what the constituents of
the dotted substance are, as far as our ability goes, we will now
advance to examine from whence these constituents come. To do this,
we must try to learn the course of the nervous processes, issuing
from the ganglion cells, and the nerve-tubes in the dotted substance.

We have, already, said that the nervous processes of the ganglion
cells occasionglly subdivide, and give off branches, on their course
from the ganglion cells to the dotted substance. On a closer
examination we will find that they do the same, in a higher degrec,
on their course through the dotted substance.

This subdivision and branching of the nervous processes cannot
easily be traced, without staining by the chromo-silver method
(cf. p. 78). In successful preparations, stained in this way, I have
occasionally been able to trace the nervous processes, to some ex-
tent, on their course through the dotted substance. When a nervous
process was visible for some distance along its course dichotomous
subdivisions, or finer side-branches given off from it, were always
observed; I have never observed a nervous process which, for any
considerable length, had an isolated course through the dotted sub-
stance.

On comparison of the course of the various nervous processes,
I have found that they essentially differ, and that there must be two
kinds or types of them, which behave in two different ways on
their course through the dotted substance.
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In the course of some processes dichotomous subdivisions are
very common, and the branches of the process subdivide, again, into
smaller and smaller branches, this seems to continue until the whole
process is broken up into a great many fine primitive tubes or
fibrillee, and éfs individuality is, consequently, guite lost. 1 have not,
yet, been able to trace any process to its division into the finest
tubes, but from the little I have seen, however, I believe that I
am entitled to conclude that such must be the case. Fig. 63, a
and b represent pieces of such processes, which are drawn under
the camera lucida direct upon the stone; fig. 70 represents a gang-
lion cell with such a process.

A great many processes have quite another character. T have
been able to trace them for long distances through the ganglia,
in one case cven directly into the root of a nerve, without seing
any subdivision. They have, however, no isolated course; at
certain intervals they give off slender side-branchlets which often
subdivide in the dotted substance. At the places where such
branchlets issue, the nervous processes have generally small thicken-
ings or vartoceles. I think that all the nervous processes of this
type pass to a commissure or peripheral nerve, and become a com-
missural or peripheral nerve-tube. We may thus say, of these
nervous processes, that they keep their individuality, but have no
isolated course. Fig. 64, a, b, ¢, d represent nervous processes of
this kind; fig. 68 and 69 represent ganglion cells with such processes.

We may thus establish two types of nervous processes viz.
1) nervous processes which lose their individuality and are entirely
broken up into slender primitive tubes and fibrille, and 2) nervous pro-
cesses which keep their individuality and pass through the dotted
substance of the ganglia, forming a nerve-tube, but which have no
isolated course, side-branchlets being given off on the way through
the dotted substance.

We have, before, said that the nervous processes subdivide, and
give off branchlets also before the reach they dotted substance. The
branches and branchlets which arise in this way seem, however,
chiefly, if not wholly, to penetrate into the dotted substance; they
frequently enter into this substance together with the thicker nervous
processes, as will be seen in fig. 64, ¢, f, where several such branches
are represented. It seems, thus, not to be of any essential import
whether the nervous processes subdivide in or outside the dotted

substance, as in both cases the branches penetrate into it and be-
come one of its constituents.
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It is, however, not only the nervous processes which subdivide
or give off branches to the dotted substance and thus contributes
to its formation; the nerve-tubes coming from the longitudinal com-
missures and from the peripheral nerves also do the same.

That the largish nerve-tubes of the longitudinal commissures sub-
divide to some extent in the ganglia, may already be concluded
from the fact that, in a transverse section through the central
part of a ventral ganglion, only a wvery small number of trans-
sected large nerve-tubes is seen. The many largish nerve-tubes of
the commissures must, therefore, either have passed to the peripheral
nerves, or they must have subdivided, or have become diminished
by giving off lateral branchlets, or finally they may originate in
ganglion cells. On examination of longitudinal sections stained
with h@matoxylin etc. it may be seen that these longitudinally
running nerve-tubes subdivide, in the ganglia, to a great extent.
The contents of the longitudinal commissures radiate into the dotted
substance of the ganglia, and are to some extent lost in it owing to
the subdivisions of the nerve-tubes.

On examination of longitudinal sections of preparations success-
fully stained by the chromo-silver method this is of course seen
much more distinctly. In such sections, I have seen longitudinal
nerve-tubes which were broken up by subdivisions into fine primitive
tubes and fibrille (vide fig. 64, 4,3, 11):

I have, however, also seen longitudigal nerve-tubes passing
undivided through the ventral ganglia and into the commissures
quitting them at the other side. Sometimes I have observed such
nerve-tubes to give off side-branchlets to the dotted substance of
the ganglia through which they pass (cf. fig. 64,4, ¢ g+ 0 10)-

I believe that some of the longitudinal nerve-tubes pass to ganglion
cells, and are connected witht their nervous processes, or, in other
words, that they are direct continuations of the nervous processes.
I have certainly in no preparation succeeded in really observing such
a direct connection; I have, however, seen so many indications of
its probable existence that I do not think there can be much doubt
about it. These nerve-tubes do not, however, have any isolated
course, they give off side-branchlets to the dotted substance.

The nerve-tubes of the peripheral nerves originate in the
ganglia in two, or rather three, ways.

Some nerve-tubes spring directly from ganglion cells, Leing di-
rect continuations of nervous processes, as before mentioned. These
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nerve-tubes, or nervous, processes give off side-branchlets on their
way through the dotted substance, vide fig. 69, which represents
such a nerve-tube, seen in a section stained by the chromo-silver
method; -in the section a few lateral branchlets only were stained,
but I think it probable that there were more. The nerve-tubes
spring from ganglion cells which are situated either on the same
side as the peripheral nerve to which the nerve-tubes belong, or on
the opposite side of the ganglion.

Other nerve-tubes do not spring directly from ganglion cells, but
arise from the dotted substance by a umion of slender primitivy
tubes and fibrille, which unite to form thicker and thicker tubes.
I have never succeeded in tracing a nerve-tube with such an origin
to its finest branches; this is owing to the very complicated course
of those nerve-tubes; they often originate on the same side as the
peripheral nerve to which they belong, but most frequently they
originate on the opposite side. They then pass united to bundles,
or transverse commissures, from one side of the ganglion to the
other. Though I have not been able to trace such nerve-tubes.
through the whole extent of their course, I have, however, seen
their origin in portions and believe I am entitled to say that it is
as just described.

When we now gather what will be the constituents of the
dotted substance according to the above given investigations we will
have the following.

1) The branches of those nervous processes which lose their
individuality and are entirely broken up into fine branches,

2) The side-branchlets of those nervous processes which di-
rectly become nerve-tubes and do not lose their individuallty (but
which on their course through the dotted substance give off side-
branchlets),

3) The branches of those nerve-tubes which come from the
longitudinal commissures, and which in the dotted substance are
entirely broken up into slender branches.

4) The side-branchlets given off from those nerve-tubes of the
longitudinal commissures which pass entirely through the ventral
ganglia, only giving off branchlets to the dotted substance.

5) The side-branchlets joining those nerve-tubes of the longi-
tudinal commissures which spring directly from ganglion cells. These
branchlets are partly the same as those mentioned in 2.

6) The primitive tubes and branchlets, or fibrille, which unite:
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to constitute those peripheral nerve-tubes which entirely spring from
the dotted substance.

7) The side-branchlets joining those peripheral nerve-tubes which
are direct continuations of nervous processes from ganglion cells.
These side-branchlets are, consequently, partly the same as those
mentioned in 2.

We have thus seen that the constituents of the dotted sub-
stance are tubes, and that these tubes have a rather variable origin,
What the significance of the dotted substance is, we will in subse-
quent chapters have the oportunity to examine.

Nephropa norvegicus.

In Nephrops the structure and relations of the dotted substance
is so quite similar to what they are in Homarus, that the above
given description will suit in all particulars for both Homarus and
Nephrops.

The Nereidee.

Amongst the Polychates, it is chiefly the Nereide (especially
Nereis virens) that I have examined in respect of the structure of
the dotted substance; I shall therefore in this chapter mention those
animals only.

As the dotted substance of the ventral nerve-cord is the
simplest, and easiest to investigate, we will confine ourselves to it.

In the ventral nerve-cord of Nereis the dotted substance has, as
is well known, a situation and extension very different from what is the
case in the ventral nerve-cord of Homarus. There are no distinct
ganglia, and no distinctly separated longitudinal commissures, the dot-
ted substance has, thus, a more uniform extension in two longitudinal
rods along the whole nerve-cord. Its composition of tubes is, if
possible, still more evident than it is in Homarus. . In transverse
sections of the nerve-cord we find, as before mentioned (vide fig. 14),
a reticulation with small and large meshes. In longitudinal sections
we find a longitudinal striation, which shows that the meshes of the
reticulation, seen in transverse sections, are transsected thick and thin
longitudinal nerve-tubes. The whole so-called dotted substance of
the ventral nerve-cord of Nereis consists, thus, principally of longi-
tudinally running tubes.

On close examination of sections under high powers of the
microscope it will, however, be seen that slender tubes pass in
all directions between these longitudinal tubes; this is very pro-
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minent in some small masses, which are especially ventrally situated
on each side of the nerve-cord, and which have a more minute and
granular appearance than the rest of the dotted substance.

In longitudinal section such masses will be found to occur
especially near places where peripheral nerves issue. Fig. 66 represents
such a place taken from a longitudinal section. a a are parts of
the central longitudinal septum, dividing the ventral nerve-cord longi-
tudinally into two lateral cords (cf. fig. 10, a). Smaller and larger
nerve-tubes (tt”, #, #f) are seen passing the septum, from one side
of the nerve-cord to the other, a great many of these small nerve-
tubes (') seem to pass to the origin of the peripheral nerve,
which origin lies to the left of the illustration. Some large nerve-
tubes (pf, pt) pass to the same peripheral nerve. Amongst the
longitudinal nerve-tubes smallish () as well as largish (It) tubes may
be seen. The nerve-tubes running transversally between these
longitudinal nerve-tubes are, also, of different sizes. Besides nerve-
tubes, neuroglia-fibres with transversc courses also occur, and they
are often difficult to distinguish from nerve-tubes. Such transverse
neuroglia-fibres may, for instance, be distinctly seen in the dotted
substance on the left hand side of fig. 67,

Neuroglia-nuclei occur somewhat sparingly in the dotted sub-
stance of the ventral nerve-cord of Nereis. They are oblong, have
a granular appearance, and arc generally longitudinally situated in
the sheaths of the longitudinal nerve-tubes (vide fg. 66,#%). They
are, however, also transversally situated in the sheaths of transverse
nerve-tubes (vide fig. 66, ).

To find the origin and course of the various tubes constituting the
dotted substance has been very difficult, as I have not yet succeeded
in obtaining any staining by the chromo-silver method in the nervous
system of these animals. As far as I have been able to penetrate
by help of the common staining with h@matoxylin etc. (which has
before been described) T believe, however, to have found that the
constituents of the dotted substance have chiefly (if not wholly) the
same origin in these animals as they have in Homarus.

I have found ganglion cells with nervous processes wich were
directly transformed into nerve-tubes, but from which side-branchlets
were given off (vide fig. 44). I have, however, not been able to
trace such nerve-tubes (direct continuations of nervous processes)
into peripheral nerves; those which I have observed, have partly
had a longitudinal course in the nerve-cord.

I have also found ganglion cells with nervous processes, which
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subdivided in the dotted substance, and seemed to be entirely broken
up into slender branches.

I have observed longitudinal nerve-tubes which seemed to sub-
divide and be broken up into branches, similar to those longitudinal
nerve-tubes [ have observed in the ventral ganglia of Homarus.

I have also observed side-branchlets to be given off from longi-
tudinal nerve-tubes passing along the nerve-cord.

Finally, I have observed peripheral nerve-tubes springing from
the dotted substance, being apparently formed by a union of
slender tubes.

Peripheral nerve-tubes springing directly from ganglion cells, I
have, as above mentioned, not been able to trace out, but I have
been able to trace peripheral nerve-tubes for considerable distances
through the dotted substance passing frequently over to the other
side of the ventral nerve-cord, and I believe that they often spring
directly from ganglion cells.

From the little we have seen, we may therefore conclude, that
the constituents of the central mass, or dotted substance, of the
ventral nerve-cord of Nercis are chiefly the same as those we have
found in Homarus; the principal constituent is, however, in Nerecis
longitudinally running nerve-tubes, and the other constituents are
comparatively sparingly present. Masses of a complicated web or
plaiting of extremely slender tubes, simiar to that which s de-
scribed in the ganglia of Homarus, do not occur in Nereis.

Upon the whole, the dotted substance of Nereis is very simple
in its structure, and represents a primary state.

The suggestion of E. Roune!') that the ventral nerve-cord of
the Polychates are only developed peripheral nerves because of
the longitudinally running nerve-tubes, which should indicate the
nerve-origin, is I think not very well founded. If that is right, the
ventral nerve-cord of all invertebrated bilaterates which have a nerve-
cord, must also spring from peripheral nerves only, because in all
of them there are, according to my investigations, a great many
longitudinal nerve-tubes, indeed the spinal nerve-cord of the verte-
brates must also have the same origin. I do not know if this is
ROHDE's opinion? According to this view the primary state of the
nerve-system must be a central brain from which nerves only issue.
Some of these nerves must then at a later stage, by an emigration
from the brain, or in some other manner, have got ganglion cells.

) 1 oc. 1886,
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I do not think it necessary to discuss any further the many diffi-
culties which would arise from such a theory; in my opinion, it is
quite contrary to all known laws of evolution of the nervous-system.
The longitudinal nerve-tubes have, in my opinion, another origin and
significance, but this is not the place to enter into researches of
this nature, we will defer this for a later occasion.?)

') Dr. E. Rohde describes sdie Leydig'sche Punktsubstanze of the Polyche-
tes in the following way: sUntersucht man das Gehirn der Polychmten auf feinen
Schnitten, so erkennt man, das dieselbe aus sehr vielen und feinen Fiserchen be-
steht, welche wirr durch einander ziehen und bald im Lingsschnitt als Linien, bald
im Querschnitt als Punkte erscheinen. Das Bauchmark hat im wesentlichen die-
selbe Stroctur, nur iberwiegen hier lingsverlaufende Fiserchen, welche aber zahl-
reich von schiefen und queren pekreuzt werden. Querschnitte und Lingsschnitte
zeigen im Gegenzatz zum Gehirn im Bauchstrang ein verschiedenes Bild, die Lings-
schnitte mehr Linien, die Querschnitte mehr Punkte.s It will be seen that, this
description by Kokde differs very much from mine. His sFiserchene are what [
call sheaths of the nerve-tuhes. 1t is strange, however, that he does not seem to
have observed the reticulation which is produced in sections by the transsections
of the nerve-tubes, and which is very prominent and distinct, for instance, in trans-
verse sections of the ventral nerve-cord; he has perhaps applied unsuccessful
staining-methods. In his description of the large nerve-tubes he mentions, however,
fibrous sheaths enveloping them. Of one of the colossal nerve-fibres of Sthenelais,
he says, that »it arises by a union of two nerve-fibres coming directly from two
colossal ganglion cells in the brain, — and that it is enveloped by a fbrous
sheath, which is at frst closely applied to it, but in its further course separates
from it and then encloses a cavity, which constantly becomes larger posteriorly
and in the middle of the body attains an enormous diameter.s The nerve-fibre,
which almost disappears in its wide sheath, gives off line processes, traversing the
whole cavity and apparently penetrating into the sheath. Towards the posterior
extremity of the body the cavity becomes smaller, and conditions corresponding to
those of the anterior extremity are reestablished.

As T have not examined Sthenelais, 1 can have no opinion of the correct-
ness of this statement; I have not met with any structure similar to it in the Poly-
chetes T have examined. From Rohde's own description it appears to me that
there must have been some irregularities in his preparations.

As to the origin of the large nerve-tubes, Rohde states that they spring di-
rectly from ganglion eells. As to their terminations, his opinion is that they are
generally broken up into sfeine Fiserchens, wich in transverse sections are seen
as minute dark points or dots.

The processes of the ganglien cells {which are »ausnahmslos unipolare} pass,
in his opinion, to the dotted substance partly sbegleitet von Subcuticularfasern,
welche aber bald nach ijhrem Eintritt verschwinden.e What is meant by sSub-
cuticularfaserne 1 do not exactly understand, perhaps it is the neuroglia-sheaths
surrounding the processes. The smaller processes sgehen direct in die centralen
Fiserchen iber.e The latger processes are partly enveloped by a sheath, being a
continuation of the sheath of the ganglion cells, He believes it to be probable
*dass sie durch pinselférmige Auflisung in die Fiserchensubstanz iibergehen.s
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Lumbricue agricola.

In Lumbnicus, the dotted substance of the central nervous system
represents a more developed state than it does in Nereis, it having a
much more complicated structure; this is at once prominently apparent
in transverse and longitudinal sections. The substance consists of
tubes, and exhibits in sections a minute reticular appearance, the
tubes being generally very slender; they vary a great deal as to
their diameter, some are extremely slender, others are thicker but
their average size is small. The tubes have, in the ventral nerve-
cord, a longitudinal course, principally as may be seen in longitudinal
sections. Between the longitudinal tubes, slender tubes are, however,
interwoven, running in all directions, and forming a complicated web
or plaiting. This plaiting is present to a much greater extent than
is the case in Nereis, and at the same time the diameters of the
tubes are generally much smaller than they are there.

As is well known there are no ganglia in the ventral nerve-cord
-of Lumbricus, and thus the dotted substance is uniformly extended
along the whole nerve-cord.

The fibrille described by many previous authors, e. g. CLAPA-
REDE, are, in my opinion, as before mentioned, only the transsected
sheaths of the tubes which are the real constituents of the dotted
substance.

In respect of the origin of these tubes forming the constituents
of the dotted substance, it may be said so far as my experience
-goes, that their origin is quite similar to what is found in Nereis
.and Homarus.

As to the nervous processes of the ganglion cells, I have ob-
served the same two types as are described in Homarus, viz.
1) nervous processes retaining their individuality and directly becom-
ing nerve-tubes (either of a peripheral nerve or running longitudinally
in the ventral nerve-cord [fig. 84]) but which give off side-branchlets
to the dotted substance (fig. 71, f, g), and 2) nervous processes which
lose their individuality and are, by subdivisions, entirely broken up
into slender tubes losing themselves in the dotted substance
(fig. 71, @, d, b and fig. 72).

As to the course of the longitudinal nerve-tubes of the dotted
substance, and the double origin of the peripheral nerve-tubes, I have
observed conditions very similar to those stated of Homarus, but
my observations have been rather imperfect, as I have not obtained
such staining in Lumbricus as T have in Homarus.
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Neuroglia-nuclei occur sparingly in the dotted substance of
Lumbricus (fig. 11, %; fig. 71,n,n").

The Mollusca.

In Patella we find the dotted substance to have an appearance
rather different from that of the animals before described. The
elements of the dotted substance are, here, much smaller, and more
difficult to trace out than those we have hitherto examined.

On a careful examination of successfully stained transverse sec-
tions through the pedal nerve-cord of Patella, it is possible to ob-
serve a minute reticulation with very small but distinct meshes. It
is this reticulation which HALLER in the Rhipidoglossa, and RAWITZ
in the deephales, describe as nervous reticulation. Besides the meshes
which have extremely slender walls, a great many dark dots are also
seen. These dots are situated in the walls of the meshes, and
chiefly in their corners where several walls of various meshes meet.
It is these dots which RAWITZ has described as varicose thickenings
in the nervous fibrillz which he supposes to form this reticulation
in the Acephales.

On examination of longitudinal sections through the pedal nerve-
cord, it is seen that the dotted substance has, here, a somewhat
different appearance. The reticulation seen in transverse sections
is not present to such extent, on the other hand longitudinally
running distinctly stained fibrilla are very prevalent. These fibrilla
are cxtremely slender, and are stained in the same way as the
reticulation in transversc scctions.  The intervals between those
fibrillz - are very small and are of about the same size as the dia-
meters of the meshes of the reticulation. This indicates that the
meshes are transsected tubes, and that the longitudinal fibrilla are
partly the transsected sheaths of these tubes. It is consequently, in
so far, a structure somewhat similar to what we have found in
Lumbricus and Nereis. In longitudinal sections, but especially in
oblique ones, it is scen that the dark dots visible in transverse sec-
tions are transsected fibrille, chiefly running along the concreting
edges of the tubes. The question is, now, whether these fibrilla
belong to the neuroglia, and are only thickenings in the fibrous sheaths
of the nerve-tubes, or whether they are real nerve-fibrillz? To decide
this question, I have examined fresh preparations as well as macerated
ones, but I must admit, that in this respect I have not till yet succeeded
in getting a clear idea of the real relations in the structure of the
dotted substance of Patella. In fresh isolated preparations of the
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dotted substance plenty of fibres of various sizes are seen. The
greater part of them are extremely slender. In fig. 85 some of these
fibres from fresh preparations are illustrated. They are present in
every preparation to unlimited extent, and do not seem to be forme
in any artificial way, but only to be just isolated. In macerated
preparations they are still more prominent (fig. 86). They may,
here, be isolated, and traced for long distances through the dotted
substance; to some extent, they are of a rather uniform size with a
small diameter; they have a smooth aspect but may sometimes,
though seldom, be seen to give off extremely fine lateral-fibrille (vide
fig. 85, b, e; 80, a, b); where such fibrillz issue small varicose thicken-
ings are generally present. In thicker fibrille subdivisions occasionally
happen (vide fig. 85, d). It is obvious that a great deal of the thickish
fibres found in macerated preparations are real nerve-tubes, as they
may be seen to be direct continuations of nervous processes from
ganglion cells; these fibres have also, to a certain extent, an aspect
like what is characteristic for nerve-tubes. To decide the nature of
the extremely slender fibrill, which occur in such abundance, is, how-
ever, much more difficult; their aspect is undeniably very like that of
common neuroglia-fibres or connective-tissue fibres; a great many of
them are so thin that they, even under the highest powers of the
microscope, appear like lines. As, however, we may find fibrillz of
every transition-stage from those finest ones up to these largish
fibres, which unquestionally are nerve-tubes, and as we may sec
such fine fibrillz to be given off from these nerve-tubes as side-
branches, or being formed as a final-product by the breaking up
of the latter, we feel ourselves forced to define these fibrille as
being to a great extent real nerve-fibrill2. These nerve-fibrille or
tubes, as we should more properly call them, are certainly of a
much smaller size than most of the tubes we have hitherto found
in the dotted substance of other animals; this may, however, be
accounted for from the smallness of all the nervous elements in
Patella.

On the other hand, it is obvious that a great many fibrille seen
in fresh and macerated preparations belong to the neuroglia. Such
fibrillz may often be seen to issue directly from neuroglia-cells, or
united with neuroglia-nuclei (vide fig. 70—81; 73, nn; 82, ne; 83, n, ne;
86, ne) which occur abundantly in the dotted substance.!) These

') The reason why Haller and Rawitz deny the occurence of neuroglia-
nuclei is, T think, that they have not recognized their real nature and describe them
as s*Schaltzellens which they believe to be multipolar ganglion cells. H. Schultze,
Walter, and others have given somewhat similar descriptions.
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neuroglia-fibrillz resemble in their aspect the fine nerve-fibrille, so
very much, that I am not at present in a position to point out any
distinct difference between them.!)

As to an interfibrillar substance, which many authors describe, it
may be stated that, in fresh preparations, I have occasionally observed
hyaline pearls adhering to the sides of the fibrillz (vide fig. 85,b}. In
my opinion these pearls do not, however, spring from an interfibrillar
substance, but are pearls of hyaloplasm, springing from destroyed
nerve-tubes.

The origin of the constituents, forming the dotted substance, we
will find to be quite correspondent to what is found in Homarus.
All the nervous processes of the ganglion cells are, as already
mentioned, directed towards, and penetrate into, the dotted substance.

As in Homarus, and the other animals examined, it may be
seen that some nervous processes (vide fig. 73, k, m'; 74, a,¢,d,f; 75;
76; 78; 82, a; 83, a) retain their individuality, in their course through
the dotted subsance, and as far as they can be traced are nol seen
to subdivide; at intervals, however, they give off some few fine side-
branchlets, at the origin of which small varicose thickenings frequently
occur (fig. 74, a, f; fig. 75, 76).

Other nervous processes (vide fig. 73, b, f; fig. 74, b, i; fig. 77)
lose their individuality; they subdivide and are broken up into slender
nerve-fibrille.

We have thus two types of nervous processes, like what is
found in Homarus etc.

As to the course and termination of the many longitudinal
nerve-tubes, which form such a material part of the dotted sub-
stance of the pedal nerve-cord, little can be said at present. In
some of them I have observed side-branchlets to be given off, in
others I have occasionally seen subdivisions; but upon the whole my
present methods of investigation have been insufficient to trace out
these very slender structures. A great many of them are, however,
easily seen to pass into peripheral nerves, forming peripheral nerve-
tubes.

As to the origin of the peripheral nerve-tubes, my investigations
are also in that respect very imperfect. I have observed nerve-tubes
which, probably, come directly from ganglion cells, as they could be
traced for long distances in their course through the dotted substance
without subdividing, only giving off some few side-branchlets;

1) Vide also my description of the nerve-tubes of the Mollusca p. 94—g6.
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they were often directed towards groups of ganglion cells; I have
not, however, succeeded in observing any direct combination with
the latter. Other peripheral nerve-tubes could be seen to subdivide
.soon after their entrance into the dotted substance.

A significant relation is that, a great many nerve-tubes of the
peripheral nerves are considerably larger in the peripheral parts of the
latter, than they are near their origin in the pedal nerve-cord, and in the
latter itself. As to the size of the nerve-tubes; the pedal nerve-cord
and the first parts of the peripheral nerves are very much alike, and
it is presumably the same substance, viz. dotted substance, that forms
both. To make this correspondence quite complete, a great many
ganglion cells also occur in the first parts of the peripheral nerves,
especially in the larger ones (e. g. vide fig. 20, ge). Thus, it really
looks as if the first parts of the larger peripheral nerves, issuing from
the pedal nerve-cord of Patella, also belong to the central nervous
system.

The fact that the nerve-tubes in the peripheral parts of the
nerves have generally a larger diameter than the nerve-tubes near
the origin of the nerves, can not, in my opinion, be explained in any
other way than that the former to a great extent arises by a union
of the latter. In other words, the roots of the nerves contains,
to a great extent, only the elements of the peripheral nerve-tubes,
and the formation of the latter does not take place in the pedal
nerve-cord or the central nervous system only but also in the
peripheral nerves themselves.

The Ascidiane.

I have already, in a previous paper, given a preliminary report
of the results of my investigations on the dotted substance of the
Ascidia (vide 1. c. 1886), and my present description will partly be,
only a confirmation of what is there stated.

In well prepared transverse sections of the brain, the dotted
substance exhibits a distinct reticulation with minute round meshes
(vide fig. 87). These meshes are comparatively larger, and more
distinct, than those we found in the dotted substance of Patella;
their walls are distinct and rather uniform. Upon close examination
of transverse as well as longitudinal sections, they may be seen to
be produced by a transsection of nerve-tubes, and the walls of the
meshes in the retlculation are only the transsected sheaths of the
tubes. This may partly be seen in longitudinal sections where a
great many nerve-tubes are longitudinally transsected and show
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a longitudinal course; it is especially prominent near tiie anterior
and posterior extremities of the brain where the large anterior and
posterior nerves issue, and where, consequently, a great many nerve-
tubes converge towards their roots, causing longitudinal sections to have
a longitudinal striation {fig. 88), whilst transverse sections of the same
parts exhibit a distinct reticulation with meshes of about the same
diameter as the intervals between the longitudinal lines of the longi-
tudinal sections. In the mesial parts of the brain, the nerve-tubes
run in more diversified directions, and thus longitudinal as well as
transverse sections exhibit a reticulation, as tubes are transversally
transsected in both; some tubes are, however, obliquely, or partly
longitudinally transsected and appear then, in the sections, as oblong
or elongated meshes. As the nerve-tubes forming the dotted sub-
stance vary in diameter, the meshes are consequently also of
various sizes.

In the walls between the meshes, slender fibrillaz are seen to
run in all directions, forming an intricate web or plaiting between
the tubes, but neither these fibrill&2 nor the larger nerve-tubes can
be seen to anastomose with each other, and thus no real reticulation
i1s formed by either of them; the dotted substance comsisis of a web
or plaiting of nerve-tubes and fibrille'), and it is only the franssection
of the tubes which, in section, gives the substance the appearance of
containing a reticulation.

In macerated preparations of the dotted substance, a great many
tubes and fibrille are easily isolated. Fig. 89 represents such a
preparation. It is here distinctly seen that, no reticulation and no
anastomoses are present. From some tubes side-branches are
given off.

On examination of the origin of these nerve-tubes and fibrillz
it will be seen that they have the very same origin as they have in
the animals previously examined. A great many come from ganglion
cells, and a great many pass on to constitute the peripheral nerves,
and from both fibrillez and side-branches are given off.

The nervous processes issuing from the ganglion cells are of

1) These fibrille are partly nerve-fibrillie, partly neuroglia-fibrillz. The nerve-
fibrill have, probably all of them, a tube-structure like the larger nerve-tubes;
i. e, an external sheath enclosing a semi-fluid hyaline contents, hyaloplasm. In
nerve-fibrille which are not too slender, this tube-structure may be seen on close
examination. The neuroglia-fibrille are often seen issuing from neuroglia-cells
which frequently occur in the dotted substance. I am not in a position to say
anything with certginty about their structure at present.



the same two types previously described. Some processes retain
their individuality, and pass directly to form nerve-tubes, whilst giving
of slender side-branches (fig. 55—57; 87, ¢; 89, gc), other processes
lose their individuality and are broken up into slender branches losing
themselves in the plaiting of the dotted substance (fig. 87, a, b, d, €.
I have been able to trace both these types of processes, only for
comparatively short distances through the dotted substance, but
still the difference between them is generally possible to distinguish.?)

As before said, a great many of the nerve-tubes of the dotted
substance go to constitute the peripheral nerves. Many of thesc
nerve-tubes are, consequently, direct continuations of the nervous
processes from ganglion cells of the one type; these nerve-tubes
probably form peripheral nerve-tubes directly. A great many
of the other nerve-tubes and fibrille, constituting the nerves,
are either continuations of the slender branches arising from the
subdivisions of the nervous processes of the other type (these
fibrille are extremely slender, and in the roots of the nerves they
unite to form thicker tubes), or they spring from a union of similar
fibrillz or branches; perhaps the side-branches given off from the
nervous processes of the first type also contribute to the forming of
these nerve-tubes.

As constituents of the peripheral nerves, present in their roots,
we have thus elements of two kinds; viz. 1) nerve-tubes which are
direct continuations of nervous processes, but which, however, are
partly strengthened by the junctions of slender side-branches, and
2) nerve-tubces arising from a union of slender tubes or fibrilla.?)

') As is mentioned in my previous paper on the nervous system of the
Ascidia (I ¢. 1886}, small ganglion cells oeccur in the dotted substance (vide
fig. 87,1, 9). Those cells have generally atripolar or multipolar form (bipolar cells
also oeceur). Fig. §7 represents such a cell, isolated, in a macerated preparation.
The protoplasmic processes of these cells are, generally, directed peripherically
towards the external layers of the brain, whilst the nervous process has very often
a longitudinal eourse through the dotted substance. I have often, both in macerated
preparations and in sections, been able to trace such nervous processes for some
distance of their course through the brain, but have rarely observed any sub-
division of them. [ think it therefore probable that they, to a certain extent, are
directly continued into peripheral nerve tubes; some of them are, however, broken
up into branches losing themselves in the dotted substance.

?) It may here be mentioned that, I have vbserved ganglion cells situated in
the roots of the nerves and sending their nervous processes directly into the nerve.
In fig. 88, which represents a part of a longitudinal section through the anterior
end of the brain of a Corella, such a ganglion cell (ge) is seen situated at the
root of one of the anterior nerves. I am not in a position to state whether the
nervous processes of these cells send off side-branches.
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Neuroglia-nuclei are scattered through the dotted substance of
the Ascidia; they distinguish themselves from the nuclei of the before
mentioned ganglion cells, also occurring in the dotted substance,
by a darker staining, a more oblong form, and a more granular
appearance; they are also generally of a smaller size than the latter.
As before said, neuroglia-fibres are very often seen in connection
with these neuroglia-nuclei. Sometimes neuroglia-nuclei are seen
adhering to the nervous processes issuing from the ganglion cells
(vide fig. 87).

Summary.

If we now gather together the results of our previous researches.
on the structure of the dotted substance, and if we assume them
to be applicable to the dotted substance of all invertebrated bi-
laterates — which we may probably do, seeing the correspondence
between the principal characteritics in the structure of the various
groups investigated — we may give the following summary of our
investigations:

The dotted substance of all inveriebrated bilaterafes consists
chiefly of nerve-tubes, and primitive-tubes (and nerve-fibrill®z which
are only small primitive-tubes); these tubes consist of a neuroglia-
sheath, and a semi-fluid contents (hyaloplasm), they have conse-
quently a structure similar to the primitive-tubes of the nerve-tubes,
only that their sheaths are stronger than the spongioplasmic ones
of the latter.

The tubes and fibrille forming the dotted substance do not
anastomose with each other, but form, only, a more or less intricate
web or plaiting. The reticulation seen in sections, and described by
various authors as a real nervous reticulation, is no reticulation,
but is produced by the tramssection of the tubes forming the dotted
substance, and the meshes of the reticulation are only the tramssected
sheaths of these tubes. The interfibrillar substance®, described by
various authors, is the hyaline hyaloplasm, which forms the contents
of the tubes, and is the real nervous substance.!)

1) 1 think it probable that it i5 the same substance which Rawitz describes
as myeloid substance. Hermann's sZwischensubstanze (cf. p. 46) is evidently
hyaloplasm. The sKnotenpunktes, described by Hermann, are, I suppose, thicke-
nings in the sheaths of the tubes, lhey can not be neuroglia-nuclei, as they seem
to occur in too great abundance.
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The origin of the nerve-tubes and nerve-fibrille (primitive tubes)
of which the dotted substance consists is the following:

1) The branches of those nervous processes which lose their
individuality and are entirely broken up into slender branches.

2) The side-branches of those nervous processes which do not
lose their individuality but directly become nerve-tubes whilst giving
off side-branches on their course through the dotted substance.

3) Those longitudinal nerve-tubes which run along, through the
dotted substance, especially of the ventral nerve-cord, and which
partly pass into peripheral nerves.

4) The side-branches given off from those nerve-tubes.

5) The branches of those longitudinal nerve-tubes which are
entirely broken up into slender branches losing themselves in the
dotted substance.

6) The slender tubes or fibrill which unite to form those
peripheral nerve-tubes which exclusively spring from the dotted
substance.

7) The side-branches joining those peripheral nerve-tubes which
spring directly from ganglion cells, i. e. which are direct continua-
tions of nervous processes from ganglion cells. These side-branches
are consequently partly the same as those mentioned in 2.

Besides nerve-tubes and fibrille, neuroglia-cells and fAbres are
also present in the dotted substance of all invertebrated bilaterates.
The neuroglia-nuclei have generally an oblong shape with a granular
appearance.

4, The combination of the ganglion cells with each other,
and the function of the protoplasmic processes.

In the historical introduction to this paper it is pointed out that
two views as to the combination of the ganglion cells have especially
been prevalent amongst the previous authors (vide p. 64—65).
We will now examine the conclusions in this respect our present
researches must lead us to.

A direet combination between the ganglion cells is, as we have
seen, not acceptable. In spite of the most persevering investigations
I have not been able to find any direct anastomosis of indubitable
nature between the processes of the ganglion cells. Where I thought
to have found an anastomosis it always on application of the strongest
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lenses resolved itself into an optical illusion. In a few cases I have
certainly observed short bridges extending between neighbouring
cells, these bridges have, however, in my opinion, evidently been
remnants of cell-divisions, and are therefore of but little interest
to our present subject; they had not the appearance of common
processes. _

If a direct combination is the common mode of combination
between the cells, as most authors suppose, direct anastomoses
between their processes ought, of course, to be quite common.
When one has examined so many preparations (stained by the
most perfect methods) as I have, without finding one anastomosis
of indubitable nature, I think one must be entitled to say, that
direct anaslomosis between the processes of the ganglion cells does not
exist, as a rule. What previous writers have supposed to be
anastomoses is, in my opinion, probably the neuroglia-reticulation
generally extending between the ganglion cells, and the fibres of
which are often difficult to distinguish from the processes of the latter.

Another objection against a direct combination, and which does
not seem to have been thought of by a great many authors, is the
existence of unipolar ganglion cells. How is it possible to explain
an existence of unipolar cells, when we believe in a direct combina-
tion by anastomosing processes? Certainly we will be obliged to
say with VIRCHOW, and others, that — the closer we examine the
nervous systems — the fewer unipolar cells do we find; in other
‘words we can not believe in the usual existence of unipolar cells.)

'} A good instance of the results to which the common theory of the func-
tion and combination of the ganglion cells must bring us is a recent paper by
Fritsch (op. cit. Arch. mikr. Anat. 1886). This author says, that the apolar gang-
lion cells have slange genug in unserer Litteratur gespukt.e Improved methods of
investigations have taught us that they were creation of our imagination. And he
continues (l. ¢. p. 24): =Wena ich jetzt nach reiflicher Ueberlegung erklire, dass
die unipolaren Ganglicnzellen denselben Weg wie die apolaren wandern werden,
so muss ich fiirchten, augenblichlich noch dem energichsten Wiederspruch zu be-
gegnen.s I apree with the author in the latter point, he will certainly meet
apposition.  Further on in the same paper he says {p.zt_}}: »dass es der Natur der
Ganglienzellen Uberhaupt wiederspricht, als einzelnes Element nur eine Verbindung
mit der Peripheric zu haben.x And: »Eine wirchlich unipolare Zelle ist fiic den
Organismus nicht viel mehr werth als eine apolare Zelle.s  This is in my apinion a
quite logie conclusion if we suppose that the common view of the nature of the gang-
lion cells is correct. When now, however, unipolar ganglion cells actually exist,
can that easily be supposed to be the fault of the ganglion cells® or is there not
a possibility that our view of the nature of the ganglion cells is incorrect! We
can nat change the the reality according to our ideas but we can change our ideas
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But we must believe in it. We need, for instance, only go to the
nervous systems of the lobster, and we shall be quite convinced of
the existence of real unipolar cells. If those large ganglion cells of
the lobster have several processes, it is strange that we should not
be able to observe one of them by our present modes of investigation.

We are thus obliged to reckon with real unipolar cells, indeed
we are obliged to reckon with nervous systems containing almost
entirely unipolar ganglion cells, and how could direct combination
between the cells be present where there are no processes to pro-
duce the combination. We thus see that also for that reason we
are obliged to abandon the theory of the direct combination between
the ganglion cells.

Two questions which will now present themselves are:

How is the combination between the ganglion cells produced?
and what is the function of those processes which were previously
thought to produce the direct combination between the cells?

We will first examine the latter question. As before described,
the processes of the ganglion cells are of two kinds: nerveus pro-
cesses and profoplasmic processes. Of nervous processes each cell
(unipolar or multipolar) has always one and never more; the nervous
processes are always directed towards the dotted substance, or in
a few cases they may pass directly into peripheral nerves (cf. p. 143,
note 1). It was not, however, these processes which were gener-
ally supposed to produce the combination between the cells, but it
was the protoplasmic processes.

The protoplasmic processes. — When a ganglion cell is
bipolar or multipolar, then the processes it posesses, besides the
nervous process, are protoplasmic processes. These protoplasmic
processes are not directed towards the dotted substance, but gener-
ally have a peripheral direction towards the external layers of the
central nervous system. In a great many cases I have been able
to trace such processes just to their communication with the peri-

according to the reality, some people can, at all events; as the mountain would
not walk to Muhamed, Muhamed had to walk to the mountain. In chapter 7 we
will have an opportunily to discuss this subject somewhat more circumstantially.

(Regarding unipolar cells ete. vide also my quotation from Rawitz's paper
p. 66.)

As subsequently may be seen, it is, in my opinion, of no importance as to
the combination of the cells whether they are unipolar or not. I do not at all
doubt the existence of the slender processes Frifsch describes in his ganglion
cells from the ganglion gasser: of Lophius, but I suppuse them to be protu-
plasmic processes, i. e. nudritive processes.
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neurium enveloping the nervous system (e. g. vide fig. 50, ppr).
In Patella I have even found ganglion cells with similar processes
in peripheral nerves (e. g. vide fig. 20, ge, the nervous process
of this cell is not distinctly seen in the illustration), Whether the
protoplasmic processes, as a rule, extend to the perineurium, like
what is the case in the spinal cord of Myrine (as will be sub-
sequently described) I do not know, as they are generally lost in
the neuroglia reticulation extending between the ganglion cells (e. g.
vide fig. 47, 50, 71, 73). In the brain of the Ascidia, as well as in
the nervous system of Patella, I have found bipolar and multipolar
ganglion cells situated in the dotted substance, and sending their
protoplasmic processes towards the periphery of the nervous system

Like Prof. GoLaI I belive the function of the protoplasmic pro-
cesses to be a nulritive one; when the ganglion cells can not get
sufficient nutrition in their neigbourhood, they have to send processes
towards the periphery of the nervous system, or out into the loose
neuroglia reticulation, where there is sufficient nutritive fluid for the
processes to absorb.') This is the reason why the protoplasmic pro-
cesses have generally a peripheral direction, and why they chiefly
occur in cells which are somewhat deeply situated in the nervous
system, i. e. at some distance from the periphery. The ganglion
cells situated near the periphery do not need any special organs to
absorb their nutrition from the fluid surrounding them, neither do
the ganglion cells situated in a loose neuroglia-reticulation need any
(compare the ganglion cells of the lobster).

Though we have of course no proof of the real function of
the protoplasmic processes, I think this theory of their nutritive
function is very probable, and explains a great deal which, else,
may seem inexplicable. What other function could we suppose them
to have when they terminate under the perineurium, what they
actually do, at all events, in a great many cases! — Indeed, I do
not, at present, see any acceptable explanation besides this one
suggested by GOLGL Subsequently, we will have an opportunity to
state some other facts which will still further add to its probability.

The combination of the ganglion cells. — Having thus
elucidated that no combination between the cells can be produced
by the protoplasmic processes, and as it is very improbable that
any combination between them can be produced by the neuro-
glia, I suppose it to be most probable, if not certain, that if any

'} Where there are blood-vessels in the central nerve-system fe. g in the
Vertebrata) the proteplasmic processes can often be seen to be directed towards
the connective tissue surrounding the blood-vessels,
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combination upon the whole exists between the ganglion cells, then
this combination must be produced by the nervous processes. That
such a combination can exist, with the dotted substance as a medium,
we will easily understand when we think of the course of the nervous
processes. As is previously mentioned, there may be drawn a
distinction between two types of ganglion cells in respect of the
course of their nervous processes; viz. 1) ganglion cells with nervous
processes which directly become nerve-fubes and thus do not losec
their individuality, though they have no isolated course but give off
side-branches to the dotted substance; 2) ganglion cells with nervous
processes which lose their individuality and by subdivisions are
enfirely broken up inlo slender Uranches, losing themselves in the
dotted substance.

We have, thus, slender branches given off to the dotted sub-
stance, by both kinds of nervous processes. What is to prevent
these branches standing in communication with each other, seeing
that they are so intimately intermixed. Certainly, I have not been
able to observe such a communication, but seeing how very intricate
these structures are, we need scarcely at present expect to do so.
In fact, I do not see any objection which can justly be made to a
combination existing between the ganglion cells by help of the nervous
processes and their branches. S5till, I do not lay much stress upon
such a combination existing, or not existing, as in a subsequent
chapter will be explained; the principal question, in my opinion, is,
how is the combination belween the nerve-fubes produced.

6. The nervous elements of Amphioxus and Myxine.

Though I propose to reserve the nervous systems of Amphiozus
and Myzine for a future special memoir, I will, here, for the sake
of comparison, make some remarks on the structure of their nervous
elements.

Amphioxua lanceolatua.

As is known from the descriptions of previous writers') the
spinal cord of Amphioxus has, along the centre, a groove or
canal extending from the dorsal side and surrounded by and epi-

") Owsjannikow (1. c. 1868) and Stieda (1. c. 1873) may especially be men-
tioned. I regret to say that 1 have had no access to Stieda’s paper; 1 only know

it therefore from the abstract of it in Hofmann's and Schwalbe's Jahresbh. d.
Anat. u. Phys. Bd. z. 187s.
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thelium of cylindrical cells, and outside this epithelium a limited
number of ganglion cells (vide fig. go). The rest of the spinal cord
consists of white substance.

The white substance and the nerve-tubes. — As is easily
seen in transverse sections, the white substance of Amphioxus con-
sists, chiefly, of longitudinal (partly also transverse) nerve-tubes, which
in transverse sections are transsected and give the section the ap-
pearance of containing a reticulation (vide fig. go). Some of the
longitudinal nerve-tubes are very large, and very much resemble, in
their appearance, the large nerve-tubes which are, for instance,
present in the ventral nerve-cord of Nereis. They are especially
situated in the lateral ventral parts of the white substance (vide fig. go).
The large tubes, which OwsJANNIKOW has described as blood-vessels,
are colossal nerve-tubes. There is one colossal nerve-tube running
on the ventral side of the nerve-cord, just under the central canal
(fig. 9o, vnt). One colossal nerve-tube generally runs, laterally, in
cach side of the spinal cord (fig. o, Inf). These three nerve-tubes,
especially the ventral one, are so far as my experiece goes, the
largest ones existing in the nervous system of Amphioxus.

The small nerve-tubes vary very much in size, and some of
them have an extremely small diameter.

There are no blood-vessels present in the spinal nerve-cord.

The white substance is traversed by a great many radiating
fibres, issuing from the cylindrical cells of the epithelium investing
the central groove, and passing to the sheath enveloping the spinal
cord, with which sheath they unite.

The structiure of the nerve-tubes. — The nerve-tubes have
a structure, quite similar to what is found in the invertebrates we
have before examined. They consist of a rather deeply staining
sheath and a less staining comfents. The sheaths are generally very
thin. The confents consist of primitive tubes, quite similar to those
which are, for instance, present in the nerve-tubes of Homarus.
The primitive tubes may easily be seen in the large nerve-tubes
fvide fig. g1); the spongioplasmic walls separating the tubes contain-
ing hyaloplasm are here very distinct.

The ganglion cells. — The ganglion cells occur rather spar-
ingly. They are situated on both sides of the central groove outside
the epithelium. Some ganglion cells are very large (vide fig. go, ge)
but generally they have a moderate size. They are usually multi-
polar, have always only a single nervous process, the other processes
are protoplasmic ones. The protoplasmic processes seem generally
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to traverse the white substance and to extend to the envelope
of the spinal cord. In a great many cases, I have been able to trace
them to the external layers of the white substance (vide fig. go, pp;
92, ppl. In some cases I even believe to have observed cells which send
protoplasmic processes to the envelope on both sides of the spinal
cord; fig. 9o, ge represents such a case; though there is not quite
complete continuation of the process in this section, it seems, how-
ever, to be the same process which crosses the central canal: sub-
dividing and sending its branches just to the external envelope on
the other side. The relations of the protoplasmic processes seem,
thus, to be the same in Amphioxus as are found in the other animals,
examined, where such processes were present; viz. they are peripheric-
ally directed (here traversing the white substance). [If we assume that
they have a nutritive function this is easily understood, because as
there are no blood wvessels present within the nerve-cord, the pro-
cesses must penetrate to the external layers to absorb nutrition.

I have not yet had sufficient opportunity to investigate the
course of the nervous processes, and will therefore reserve them
entirelv for the future memoir.

The protoplasm of the ganglion cells has, in scctions, a
reticular appearance, produced, as I suppose, principally by a trans-
section of primitive tubes, composing the chiel constituents of the
protoplasm (vide ng. 02, g¢). These tubes penetrate into both the
protoplasmic and the nervous processes and form their contents,
whilst giving them a longitudinal striation. The protoplasmic pro-
cesses have, however, a more granular appearance than the nervous
processes,

The cylindrical cells of the epithelinm incvesting the
central groove (or canal) have, in their external extremities, pro-
cesses which traverse the white substance, and unite with the enve-
lope of the nerve-cord, as already mentioned.  These fibres are partly
united into bundles (vide fig. go), which apparently divide the longi-
tudinal nerve-tubes into various columns. This division into columns
is, however, only partial as the bundles do not form any continuous
septa; they are only seen in some sections, whilst in other sections
bundles of similar fibres may occur on other places. There are,
however, some definite places where such bundles of fibres especi-
ally occur; as some of thc most prominent of thesc, two places,
one on each side of the ventral colossal nerve-tube, may be men-
tioned (fg. 9o, ns, ns).

I have often observed very strong fibres or even bundles of
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fibres of this kind directed towards the nerve-roots, especially the
dorsal ones, and penetrating into the nerves.

It is obvious that the fibres, radiating from the epithelial cells
of the central groove, and running between the longitudinal nerve-
cord, have just the same significance as the neuroglia-fibres issuing
from the neuroglia-cells of higher vertebrates. No such neuroglia-
cells are found in Amphioxus as are, for instance, found in Myxine
(vide sequel)l. We may, therefore, assume that, these epithelial cells
are the real neuroglia-cells of Amphiozus, and that this neuroglia
represent the most primary state found amongst the Vertebrata. In
the description of the neuroglia of Myxine we will have an oppor-
tunity to return to this subject. -

Fibres are often seen crossing the central groove; these fibres
seem partly to be neuroglia-fibres, partly nerve-tubes and, as we
have seen, partly also processes from ganglion cells.

As to the origin of the nerve-tubes of the ventral and dorsal
nerve-roots, my investigations are yet in this respect very incomplete,
and must be reserved for the furture paper.

Myxine glutinosa.

It is only the nervous elements of the spinal cord we will, here,
describe.

The white substance. — On examination of transverse and
“longitudinal sections of the spinal nerve-cord of Myzxine it is easily
seen that the white substance chiefly consists of longitudinal nerve-
tubes, which vary a great deal in size. The large tubes, the so-
called *MULLER's nerve-fibrese, are especially situated on the ventral
side. Between the large and largish tubes and through the whole
white substance a multitude of very slender longitudinal nerve-tubes
occur; the white substance has thus in well preserved transverse
sections a reticular appearance (vide fig. 100) quite similar to that of
a section through the dotted substance of the ventral nerve-cord of
an invertebrate (e. g. Homarus and Nereis). Between each of these
tubes a multitude of extremely slender tubes (neuroglia-fibres and
branches from the protoplasmic processes of the ganglion cells) run
transversally. These transverse fibres are not very distinctly seen
in so well preserved sections as fig. 100; they are, however, very
conspicuous in sections of preparations where the contents of the
longitudinal tubes have shrunk in so much that the transsected tubes
have the appearance of empty vacuoles, the white substance has
here become very transparent (vide fig. 101). They run from the
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grey substance and just to the periphery of the white substance
(to the sheath of connective tissue). They seem to compose a signi-
ficant constituant of the white substance. Subsequently they will be
more circumstantially described.

The structure of the nerve-tubes is the same, in Myxine,
as in the other animals examined. The nerve-tubes consist of a
distinct external sheath, and a contents containing spongioplasm and
hyaloplasm. The external sheaths are rather thin (vide fig. 100).

The contents of the nerve-tubes consist of primitive tubes. In
the large nerve-tubes (MULLER's nerve-tubes), the primitive tubes are
very distinctly seen (vide fig. 100, Inf).") Upon the whole, itis striking
how very much these MULLER's nerve-tubes resemble the large nerve-
tubes of the lobster; in Myxine I have even observed a tendency
to the formation of an axis along the centre of some larg tubes
(vide fig. 100, Inf) somewhat similar to what is described of the large
nerve-tubes of the lobster (vide p. 87).

Medullated nerve-tubes are mol observed in the spinal cord
of Myxine,

The ganglion cells arc situated in the grey substance; they
are, as a rule, multipolar, have always one nervous process cach,
and generally several protoplasmic ones.

The protoplasm of the ganglion cells has, in sections, always a
minute reticular appearance, with spongioplasmic meshes containing
a less-staining substance; the meshes are, to a great extent, produ-

YT think it is very strange that previows authors have not seen the compo-
sition of primitive tubes in the large nerve-tubes of the spinal cord of the fishes,
In his description of the large nerve-tubes in medulla oblongata of Leplius,
Fritsch says (1 c. 1886, p. 220 »Der Faserlingsschnitt zeigl, dass die Fibrillen
nicht regelmiissig parallel angeordnet sind, sondern sich vielfach durchilechten .. . .«
It is obvious, in my opinon, that Frotseh has seen the spongioplasmic walls of
the transsected primitive tabes and has called them sFibrillens.

Stilling has long time ago (I ¢ 1835) deeribed the contents of the nerve-
tubes of the Vertebrata as consisting of slender tubes: he said himself in his
paper that there would likely go a long time before anvbody could state the cor-
rectness of his observations, as it was only by help of new and very high powers
of the microscope he had been able to obtain his results.  Indeed, there has gone
a long time: no other writer has since been able to see Stilling's sElementar-
nervenriirchens,  His observations were made too early.  Ther were of cource,
imperfect, as he had not the same lenses and modes of investigation as we
have at precent; a great deal of what he has seen, has been artificial products
{e- g his description of the myeline of the medullated nerve-tubes) but he has
said that the eylinder-axis consist of slender Elementarrirehen® and in this
point T do entirely agree with him.
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ced by a transsections of the primitive tubes of which the proto-
plasm chiefly consists. These primitive tubes extend into the pro-
cesses and give them a longitudinally striated appearance, the dark
lines of the striation being the spongioplasmic walls of the primi-
tive tubes.

In sections of a great many, especially large, ganglion cells,
there are in the protoplasm circular or oblong lightly staining areas
rescmbling vacuoles (vide fig. g0, ») which are very similar to
those, previously mentioned, in the ganglion cells of Homarus
fef. p. 103 & fig. 23, 27). These areas are transsected tubes of a
lightly staining substance, probably bundles of primitive tubes, which
circulate in the protoplasm and run into the processes. They are
often obliquely or longitudinally transsected and  produce  then
areas of an elongated shape (vide fig. 96, ¢ T have observed very
similar tubes or bundles in the cells of the spinal ganglia of Myzine,
as will be subsequently described, and I have also observed similar
structures in the ganglion cells ol higher vertebrates (M ammalia).
It seems thus to be a relation of rather wencral nature, and it is
therefore, in my  opinion, strange that it has not previously been
described. We know of course yet too little of these structures to
attempt to say anything of their significance,

The sheath enveloping the ganglion cells. — The gang-
lion cells are always enveloped by a membran or sheath vide fig.
g6, em), which also extends into the process and forms their sheaths
(¢l fig. 96). This sheath is, I think, a product of the newroglia, or
has, at all cvents, the same origin as the latter. I have not, how-
ever, hitherto heen able to observe any nuclel situated in the sheath
or adhering to it. Between this sheath and the protoplasm of the
ganglion cells there is, generally, a caviey!, g, 6, ) filled with a
loose, apparently reticular substance, which is extremy lightly stain-
ing; this substance is somewhat delicate, and is scen in well pre-
served sections only.

The protoplasmic processes of the ganglion cells have al-
ways a more or less peripheral direction; they subdivide, generally
dichotomically a great many times, and the numerous extremely
slender, branches resulting from these divisions run, between the
longitudinal nerve-tubes of the white substance, towards the peri-
phery of the spinal cord, where they terminate in small thickenings,

') It is probably the same cavities which are deseribed by Key and Retzius
(I c. 1876 and which these authars supposes to be Alled with Iymphoid fluid.
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or plates, just inside the sheath. The only methods which affords
satisfactory staining of these processes is the chromo-silver method,
but by its use I have becn able to trace them to their extreme
terminations (vide fig. 94, ppr; 104—103). I have, however, also in
preparations stained with beraz-carmine (fig. 93) or stained according
to HEIDENHAIN's hzmatoxylin method (fig. 93) been able to trace
the protoplasmic processes with their branches through the white
substance and very close towards its periphery if not entirely to
the external sheath.

The same ganglion cell may have protoplasmic processes, the
various branches of which penetrate to the periphery, both on the
ventral side and on the dorsal side of the nerve-cord (vide fig. 93,
95, 103, 100).

The slender protoplasmic processes and their branches resemble
the processes of the ncuroglia-cells very much in their aspect and
it is indecd extremely difficult to draw any distinction between them,
Both have the same appearance, both come from the grey substance,
and both traverse the white substance towards the periphery where both
as a rule terminate under the sheath enveloping the spinal cord.  In fig.
109, a protoplasmic processes issues from the small ganglion cell ge, but
this process can not be distinguished from the many neurogha-ibres, f,
in any respect but that it issues from a ganglion cell.Y) A difference is
sometimes that the neuroglia-fibres have a straighter course more
dircetly towards the periphery of the white substance than the pro-
toplasmic processes have. I have found no constant and reliable
difference in the chromo-silver staining of these processes similar to
what GOLGL has stated as regards the neuroglia cells and  proto-
plasmic processes of the Mawmmalia, and what T also have had
opportunity to observe myself in ligher Vertebrata,  Somectimes
there was, however, also in Myrine a tendency towards a more red-
dish staining of the processes of the neuroglia cells.

The branches of the profoplasmic processes of one cell do not
anastomose, neither do fhe processes from variowns cells anastomose.
Though I have examined a considerable number of preparations,
and although they have been most perfectly stained, in this respect,
I have not yet obscrved a single case of indubitable anastomosis
between protoplasmic processes.®) 1 believe, thus, that I am entitled
1 Vide also fig. 03, g¢..

%) In my previous paper on Myxine (I c. 1886) | have mentioned one
case from the brain where T was in doubt whether there was an anastomaosis or
not.  The more [ have examined this preparation, the more do T doubt that an
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to affirm that a direet combination between the ganglion cells, by direct
anastomosis of the profoplasmic processes does not exist.

A thing which I take to be rather puzzling is, that processes
which in their aspect can not be distinguished from common pro-
toplasmic processes, are often seen to pass towards the periphery
of the nerve-cord; arrived there, they do not, however, terminate,
but run along the periphery and partly back into the white sub-
stance (vide fig. 102, pr, br,) I have not found the terminations of such
processes. Some other processes, with quite similar aspect, may
be traced for very long distances, even crossing the ventral com-
missures and passing over into the other side of the spinal nerve-
cord (vide fig. 102, br,). A great many processes which I have
observed to have a similar course are, near their origin in the cell,
very thick and large, and they give off branches which terminate
in the periphery, under the sheath, quite in the same way as
common protoplasmic processes, whilst at the same time, the main
stem of the process runs along, and takes a course as above de-
scribed (vide fig. g3, mp and 94, mp). It has been possible to trace
similar processes not only in chromo-silver stained preparations but
I have also traced them for considerable distances in preparations
stained with carmine or HEIDENHAIN's hamatoxylin only (vide fig.
93 and g5). If, now, these processes are protoplasmic processes,
and if the protoplasmic processes have a nutritive function, which
makes it necessary for them to terminate under the sheath enve-
loping the spinal cord, it is, indeed, very difficult to understand why
they pass through the nervous system for so long distances without
terminating; why they pass to the other side; and why they do not
terminate, but return again, when they are in the peripheryf Thesc
are questions of so serious a nature that they oblige us to assume
that either these processes are not wholly protoplasmic processes
though they have their aspect, or that the function of the proto-
plasmic processes is not only a nutritive one. 1 will not decide
between these alternatives at present, though I find the former one
most probable. It can not be doubted, in my opinion, that some

anastomosis is really present. 1f there is an anastomosis, however, it may be ac-
counted for as a remoant of a cell-division not vet finished, as the bridge Letween
the cells is very thick and shart.

Mr. W. 8. Colman (1. c. 1884) has actually observed anastomoses of ganglion
cells in the spinal cord of a human foetus; but there is, in my opinion, little doubt
but that they are results of divisions of ganglion cells; in two of the cells there
were even two nuclei, what obviously indicates that the cells are dividing.
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of the branches given off from these processes are protoplasmic
branches, as they have the same appearance and course and actually
terminate under the external sheath in a way entirely similar to that of
common protoplasmic processes (as also neuroglia-fibres, vide sequel).
Could it be possible that these processes are mixed protoplasmic
nervous processes? GOLGI has described and illustrated nervous
processes issuing from protoplasmic processes near their origin in
the cell (videl. c. 1885). It may be, that these structures in Myzine
are processes of a still more mixed nature. More complete observa-
tions on the course and termination of the main branch of these
processes are necessary to decide in this question. I can not omit
to state that it has not been possible to find any other processes
which looked like nervous processes and which issued from the
same cells as the smixed processess, described above.

The nervous processes. — My observations on the nervous
processes are yet very scanty. The chromo-silver staining is the
only one which can tell us anything, with certainty about the
course of these processes, and upto this time it has been exceedingly
difficult to get any perfect staining of them. They have a smooth
and less granular aspect than the protoplasmic process. The slender
branches have generally at certain intervals varioceles (vide fig. 103, 104).

From what little I have seen it is probable that in Myxine
there are also two forms of nervous processes, viz.:

1) Nervous processes, which do not lose their individuality, as
they are directly transformed into nerve-tubes; they have, however,
no isolated course, as they give off slender side-branches. Fig. 103, ge,
represents a ganglion cell with such a nervous process. The process
has often varicose thickenings at the origin of the side-branches.
Processes which have no side-branches, but sometimes varicose thicken-
ings at certain distances, are also seen (vide fig. 94, ge,, ge,), I think,
however, that the absence of side-branches issuing from the thicke-
nings is only owing to imperfect staining. Nervous processes of
this kind are often seen to pass through one of the commissures
and over into the other side of the spinal cord (fig. 94).")

2) Nervous processes which lose their individuality and are en-
tirely broken up into slender branches. Fig. 103, ge; and 104 represent
ganglion cells with such processes. In their slender parts the branches

" In fig. 103, ge, is seen a ganglion cell with a process which crosses the
commissuré and which could be traced for some distance over into the other side;
this process had the aspect characteristic for protoplasmic processes, but judging
from its course I think it is a nervous process. At a a branch was given off.
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of these processes have, generally, varicose thickenings at each places
where they subdivide. They have, generally, also a great many
varioceles where no side-branches are seen, [ suppose, however, this
is only owing to an imperfect staining, and that side-branches are
given off at each variocele,

The branches of the nervons processes do nol anasto-
mose. — They contribute to form a reticulation, or rather interlacing
of nervous fibrilla: which extends through the grey substance, and
which also seems to extend into the white substance.

The origin of the peripheral nerve-tubes. — In horisontal
sections of successfull chromo-silver stained preparations of the
spinal cord, it is easy to observe that, the nerve-tubes of the
dorsal (posterior) nerve-roots') subdivide dichotomically, just after
their entrance inlo the spinal cord; some of them subdivide even
before they have reached the cord (vide fig. 111, a).

As far as my experience goes I dare to say that all nerve-tubes
subdivide, it has in my opinion therefore, only been optical illusions
which have occasioned previous outhors (c. g. RANSOM & THOMPSON
[l c. 1886] and others) to state that, they have observed some of
these nerve-tubes to originate directly from ganglion cells; these
authors will, I hope, forgive me this denial of their statements, when
I tell them that such an illusion has once deceived myself, before
I obtained perfect chromo-silver stained prepations (cf. my previous
paper I. c. 1886). The fibres which I at that time observed (and
which probably the other authors have also seen) were neuroglia-
fibres issuing from neuroglia-cells in the grey substance and inter-
mixing with the nerve-tubes of the dorsal nerve-roots (vide fig. 93, fi)

The two branches resulting from the dichotomical subdivi-
sions of the nerve-tubes separate, and run in; opposite directions,
longitudinally, along the spinal cord. I have been able to trace
these branches for considerable distances along the cord but, as
a rule, T have found no new subdivisions: neither have I seen
them passing over to the other side of the spinal cord. In a very
few cases, I belive to have seen very slender side-branches to be
given off (vide fig. 112,br). My investigations on this subject are very
far from being finished, and I hope yet to be able to make im-
portant observations in this respect. From what is already observed,

1) It may be noticed that in my previous paper (. c. 1886) there is in the
English translation (Ann. mag. nat. hist. 1886) printed sdorsal nerve-rodse and
»ventral nerve-rodse instead of dorsal nerve-roots and ventral nerve-roots,
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I am, however, at all events, entitled to say that, the nerve-fubes
of the dorsal (posterior) nerve-roofs have no divect orvigin from gang-
lion cells.

The nervve-tubes of the venftral (antevior) nerve-roofs
do not subdivide after they have enfered the spinal nerve-
cord, according to my observations. [ have been able 1o trace
them for considerable distances into the nerve-cord, in chromo-silver
stained preparations  (vide fig. 105) as well as in carmine and
hematoxylin preparations (vide fig. 93 and g5) but no subdivisions
have been discovered, though the tubes are thick and easy to ob-
serve; slender side-branches are, however, given off (vide hg. 93, nbr;
105, shr).

In a few cases only have I been able to trace their direct com-
bination with ganglion cclls (vide fig. 106) and the tubes which in
these cases had a direct combination were comparatively very thin.

From what is seen, there can, however, be no objection to the
assumption, that all the perve-tubes of the ventral nerve-roots are
directly connected with ganglion cells, indeed, 1 think this is all but
certain, seeing that these tubes have no subdivisions; but it is pro-
bable that the thick ones pass for some distance through the white
and grey substance before they united with the cells. A great
many of them scem to pass over into the other side of the spinal
cord crossing the ventral transverse commissure.

I will not omit to mention a section which I once obtained
of a chromo-silver stained preparation, A part of this section is
illustrated in fig. 102 which is drawn under the camera lucida and
is an exact representation of what was seen in the preparation.
The nervous process (mpr,) or perhaps »mixed processe (cf. above)
issuing from the ganglion cell ge, is seen to give off a thick branch
(bry), which passes towards the ventral (anterior) nerve-root (enr).
This branch becomes very thin towards the periphery of the white
substance and can not be traced entirely into the ventral nerve-root,
though there only wants an extremely short distance. Whether
this branch was really connected with the ventral nerve-root (was
transformed into a peripheral nerve-tube), and it was only owing to
an incomplete staining that it could not be traced into the nerve-
root was very difficult to decide. In its whole appearance this branch
was not at all like common protoplasmic branches, which I certainly
very often have observed to be directed towards the nerve-roots
(vide fig. 105, ppr; 109, ppr; 93, gey), but it had that smooth and black
staining which is caracteristic for nervous processes. What is strange
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is, that in the same section (which was somewhat thick) I observed
two similar processes (consequently from other cells) running parallel
to this one, situated one over the other and giving off quite similar
processes at the same place and towards the same nerve-root. Ihave
drawn only one of these processes (mpr,) in the illustrations in order
not to make it too complicated. These 3 processes were thus
situated that they quite covered each other vertically; in the illustra-
tion I was obliged, of course, to draw them running beside each
other. Similar instances of processes running quite the same way,
one over the other on the border between the grey and the white
substance and pgiving off branches at certain places are not rare in
the spinal cord of Myzine.

The longitudinal nerve-tubes of the spinal cord — I
have observed side-branches to be given off from many of the
nerve-tubes running longitudinally in the spinal cord (vide fg
111, Int’; 112, Ind"). Some longitudinal nerve-tubes are also, by sub
divisions, broken up into slender fbrille (vide fig. 111, snf; 112, snt)
whether these tubes are nerve-tubes coming from other parts of the
central nervous system, or they are only branches coming from
some dorsal nerve-roots, I can not decide. In some instances I saw
them cross the transverse commissure and pass over into the other
side of the nerve-cord (vide fig. 111, snt’).

The neuroglia. — Neuroglia-cells are situated in great abun-
dance in the grey substance of Myxine. Their nuclei are smaller
than those of the ganglion cells, have a circular or ovate form, and a
somewhat granular appearance. The neuroglia cells have often many
processes (fig. 103, nue,, nue,).") These processes do not subdivide much
but, like the protoplasmic processes, the traverse the white substance to
its periphery, and terminate there under sheath enveloping the
spinal cord (vide fig. 95,f). The course of the processes is parti-
cularly easy to study, in successful chromo-silver stained sections
where they are seen in great abundance as black, or reddish black,
fibres, passing from the grey substance to the periphery, everywhere,
through the white substance. The same neuroglia cells sends often,
at the same time, processes to the dorsal side as well as to the
ventral side of the spinal cord (fig. 103, nuc,, ane,). The processes
of the neuroglia cells can, however, easily be traced also in section

') It may be that in nue, and mue, several neuroglia-cells, situated close
together, have been stained in one body; seeing, however, that the many processes
issue from so comparatively very small spaces I think it to be not improbable that
we have here single cells (at all events in nue,).
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stained with carmine or hzmatoxylin') (HEIDENHAIN'S h&zematoxylin-
staining can especially be recommended). Fig. 101 will probably
give a good impression of in what multitudes they occur in the
white substance.

The processes of the neuroglia cells do not anastomose,
neither those from the same cells, nor those from different cells.
Though I have, for instance, seen so many processes issuing close
to each other as is illustrated in fig. 108%) yet [ have not found a
single anastomosis. In sections, stained, for instance, with HEIDEN-
HAIN's haematoxylin {fig. 101), it is seen, as, above mentioned, that there,
between the longitudinal nerve-tubes of the white substance, runs a
multitude of slender fibres in every direction, but neither, here, are
anastomoses found. The chief part of these fibres, running between
the nerve-tubes, are neuroglia fibres coming from the neuroglia cells
and penetrating to the periphery, but some of them are, also, as
we have seen, branches of protoplasmic processes coming from the
ganglion cells, and finally some fibres are branches from the nervous
processes. It is, generally, in sections, stained in the common way
(i. e. carmine, hezmatoxylin etc.), exceedingly difficult to draw any
distinction between these various kinds of fibres or tubes.

The cells of the epithelium surrounding the central
canal resemble, in their appearance, very much, the neuroglia cells,
their nuclei have, to some extent, the form and appearance of common
neuroglia nuclei. At their exterior extremities, these cells have pro-
cesses which penetrate, at all events to a great extent, to the periphery
of the spinal cord on the dorsal side, as well as on the ventral one
(vide fig. 03, 5, 103); these processes are, consequently, quite like
those of the neuroglia cells. Some processes from these cells have a
more lateral direction into the grey substance (vide fig. 94, cec; 102, pec)
I have not been able to trace these processes to their extremitie.¥)

') Vide what is said of that p. 152.

) In this preparation I think it is probable that some cells have been stained
at one and same time and have acquired an appearance as if they were one cell.
The illustration is drawn to nature as exactly as possible, and it may be seen that
there are several irregularities in the staining of the mesial part. Similar prepara-
tivns are very often obtained.

) In the spinal cord of higher fishes (Teleostii’, I have also by chromo-silver
staining been able to trace the processes of the epithelial cells of the ventral canal
1hrough the white substance and jl-l$|. o its p:riphcry where thry terminate or unite
with the sheath. As regards the processes of these central epithelial cells in higher
Vertebrata I will refer the reader to Golgi’s observations (Sulla fina etc., vide list of
Literature 1885) he has in the spinal cord of the chicken observed similar processes
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The cells situated in the grey substance just outside the cpi-
thelial cells, are quite like the latter. They are clongated at their
interior extremities, and penetrate between the epithelial cells to
the central canal (if they cary cillia, like the latter, I can not
decide); at their exterior extremities they have processes wich pe-
netrate to the surface of the spinal cord, like those from the Cpi-
thelial cells. These cells represent, consequently, a kind of tran-
sition-stage between the common neuroglia cells and the epithelial
cells surrounding the central canal; indeed, in the many layers of
such cells surrounding the epithelium of the canal, we can find
all possible transition-stages.  When we, now, consider that in
Amphiozus the neuroglia principally consists of epithelial cells (we do
not, here, refer to the sheaths surrounding the nerve-tubes cte.) and
there is every reason to believe that this is a primary state from
which the conditions found in Myxine are developed, T think we
arc fully entitled to say, that the nenroglia cells have an ectodermal
origin, and spring from {he epithelial cells of the cenfral canal or we
may rather say the central groove.")

The nerve-cells of the spinal ganglia. — Before we leave
the nervous system of Myzrine T will make some remarks on the
structure of the spinal ganglion cells, as T think, they exhibit relations
which in several respects arc of great interest for the subjects treated
of in this paper. Upon the whole the spinal ganglion cells reminds
in their structure very much of the ganglion cells of the central
nervous system of many invertebrates, and, amongst those we have
here examined, especialy the large unipolar cells of Homarus vulgaris.
They represent obviously a less developed stage than that of the
ganglion cells of the spinal cord.

traversing the white substance (vide 1. c. p- 179).  Regarding these processes
in higher Vertebrata 1 vill also refer the reader to the various memoirs by Ainslie
Hollis (1. «. 1883), Lf-yd:'y (Zelle und Gewebe 1885 p. 18¢), Rabl-Rickhard
(. c. 1883), Reissner (I c. 1864, John Dean || c. 18630 and others.

') T think it is most probable that the neurnglia cells of the invertebrates
have, also, an ectodermal origin,  This may, fuor il1ﬂtﬂn¢t, easily be seen in Nereis,
where the ventral nerve-cord is not yet fully separated from the ectoderm. It is,
here, even difficult to see any difference between the neuroglia and the ectodermal
cells, and it is in many cases impossible to draw any distinet line between the
cells enveloping the nerve-cord, and the cctodermal cells situated ovetside them
(vide fig. 14). T have, here, only considered what we may infer from the nervous
system of full grown specimens. In examination of the embryological development
of the nervous system, the ectadermal origin of the newroglia will be still more
evident; on that subject the reader may he referred to the recent paper by Kleinen-
berg on the embryologie of the Annelides (Zeitschr, f. wiss. Zool, 1886).
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Fig. 97, 98 and g9 represent sections through various spinal
nerve-cells stained with carmine. Their sheaths are in sections rather
conspicuous, and there is, generally, several nuclei situated inside
(and also outside) them (vide fig. 97, #; 98, n; 99, n). These sheaths
and their nuclei resemble very much the sheaths and nuclei of the
ganglion cells of Homarus. The nuclei are not, however, present in
such number in the latter as the sometimes are in the spinal cells.

The structure of the protoplasm of the spinal nerve-cells is
very similar to that of the protoplasm of the common ganglion cells.
The lightly staining areas (transsected tubes) are also present in
sections of this protoplasm, but they are perhaps still more distinctly
prominent and frequently arranged in defined groups. Sometimes
they are, in sections, present on two sides of the nuclei in the
elongated cells (fig. 97), somitimes they are present only in one side
of the cells {iig. 98, 99). On careful examination of successful sections
it becomes quite evident that these lightly staining areas are trans-
sccted tubes, or perhaps bundles of primitive tubes.  These tubes or
bundles have generally, when the cells are bipolar or clongated, a
longitudinal course through the protoplasm of the cells, and they
are often logitudinally transsected (fig. 98, 2. What these tubes or
bundles are is not ecasy to say, my observations are still too imper-
fect. In sections of cells where the processes are longitudinally trans-
sected in their origin, it is, however, frequently scen that these
tubes or bundles run towards the origin of the processes (vide fig. 98).
T think it is probable that they constitute the process in a way si-
milar to what the bundles of primitive tubes do in the ganglion cells
of Homarus (cf. p.103). In the bipolar cells it is possible that the
contents of the nerve-tube, entering a cell at one end, is broken up
into such bundles of primitive tubes which traverse the protoplasm
longitudinally and rc-unite at the other end to form the peripheral
nerve-tube quitting the cell here.  As is already known from FREUD's
paper (. c. 1878) there exist unipolar and bipolar ganglion cells in
the spinal ganglion of Petromyzom, and in this respect as in others
they resemble those of Myxine.

In the nerve-cells of the spinal ganglia of the frog, M. v.
LENHOSSEK has described seine seichte, aber breite durch sharfe
Riénder begrenzte, tellerformige Verticfung, whelche durch 2—3
rundliche, bisher unbekannte Zellen beinahe vollstindig ausgefiillt wird<
(I c. 1886 p. 450). This »Vertiefungs was situated in the surface
of the cells near the origin of their processes. In some spinal cells of
Myzine 1 have observed structures which seem to be very like these,
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Fig. 99 represents a cell with a such structure. The light circular
area z is very distinctly defined. There is a very long nucleus (N),
with some protuberances, situated in one side of this area, in the
centre there is another somewhat lighter corpuscle (N) which is perhaps
also a nucleus. I could, however, see no cells in this area, and
whether it is one cell or contains several cells or what it is, I can
not decide. ’

The nuclei of the spinal nerve-cells are large and exhibit gener-
ally a distinct chromatin reticulation.

On comparing the main characters in the structure of the
nervous clements of these two vertebrates (Amphiozus and Myzine)
with what is previously deseribed in this paper, we will see that there is
the most perfect correspondence in this respect between the inverte-
brated bilaterates and these inferior vertebrates. But as we can
not easily suppose that their is any principal difference between
them and higher vertebrata in these respects, we may thus assume
that the principal results arrived at in this paper are applicable to
all bilaterates. In a future paper I hope to be able to pay a more
special attention to the nervous elements of the vertebrata.

6. The combination of the nerve-tubes with each other,

A question of much interest arises, viz. how is the combination,
between the nerve-tubes produced, or rather how is the impression
received by a sensitive nerve-tube conveyed to a motoric one. To
express it in another way me may say, which elements has an
irritation of a sensitive nerve-tube to pass, to produce a reflex-
movement?

A very common theory is, as is well-known, that an irritation
of a sensitive nerve-tube passes to a =sensitive« ganglion cell, then,
from this cell, through a protoplasmic process to a motoric ganglion
cell, and from that cell it passes into a motoric nerve-tube to
produce a reflex-movement. In a previous chapter (ch. 4, p. 148),
it is, I hope, suficiently proved, that in the invertebrated bilaterates
there is no direct combination between the ganglion cells through
the protoplasmic processes, neither is there in Myzxine (as we have
seen in the previous chapter); the above quoted theory of the



course of an irritation producing a reflex-movement is therefore for
this reason alone not maintainable.

Before we enter into the inquiry of how a combination between
the nerve-tubes is produced, we will examine if there is any mor-
phological difference to be observed between motoric nerve-tubes
and sensitive nerve-tubes.

As is above stated the nerve-tubes of the dorsal (posterior)
nerve-roots of the spinal cord of Myxine subdivide, immediately
after their entrance into the nerve-cord and thus lose their individu-
ality, whilst the nerve-tubes of the ventral (anterior) nerve-roots
retain their individuality and seem to spring directly from ganglion
cells, whilst giving off slender side-branches.

I have also observed similar conditions in the spinal cord of
higher vertebrata. T have even been able to obtain here more
complete observations on the subdivisions of the nerve-tubes of the
posterior nerve-roots.

My observations fully agree thercfore with those of Prof. C.
GoLGI in this respect; and as GOLGI says, I think we are entitled
to assume that, in the spinal serve-cord, the semsitive nerve-fubes
arise from a junction of slender nervous fibrille, whilst the molorie
nerve-tubes are direct continuations of nervous processes (from gang-
lion cells) which however give off slender side-branches. If this is
correct the opposite conclusion seems, also, to be admissible, at
all events to a certain extent, viz. that nerve-tubes arising from a
junction of nervous fibrille are sensitive merve-fubes, whilst nerve-
tubes springing directly from ganglion cells are wmotorie nerve-tubes.
In the brain of the vertebrata, we find nerve-tubes originating in
both ways, and hence, 1 think, there, is every reason to believe
that the same morphological differences between motoric and sensi-
tive nerve-tubes are there present.

Having now settled what morphological difference there appears
between the origin of sensitive and motoric nerve-tubes in verte-
brata, and seeing that in invertebrata quite a similar difference is
present in the modes of origin of two kinds of nerve-tubes, I think
we are entitled to conclude further: that in the nervous system of
the invertebrated bilaterata there is the same morphological diffe-
rence between the origin of the sensitive and the motoric nerve-
tubes, as is found in vertebrata; viz. the sensifive nerve-tubes arise
from a junction of nervous fibrille, whilst the moforic nerve-tubes
spring directly from ganglion cells.

Arrived at this conclusion, we will now consider the question,
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how is an impression, probably, conweyed from a sensitive nerve-
tube, to a motoric onef As it is chiefly the invertebrated bilaterata
which have been treated of in this paper, we will also in the present
ingiury principally confine our remarks to the consideration of their
nervous system only.

As is above seen, the sensitive nerve-tube probably subdivides,
and is broken up intg slender branches, after its entrance into the
dotted substance, it is, thus, not very probable, that an irritation of
such a nerve-tube should be conweyed to one ganglion cell only,
it would then be necessary that all the branches of a sensitive
nerve-tube should unite again to form the nervous process of a
ganglion cell (sensitive ganglion cell).

According to what is before stated of the combination of the
ganglion cells it will be obvious that: to be forwarded to a motoric
cell, the irritation would necessarily after its arrival in the sensitive
ganglion cell have to return through the same nervous process, to
pass over through some other branches of the process into the
nervous process of a motoric cell; arrived in the motoric cell it
had then to return through the same process and finally pass into
the centrifugal nerve-tube, to produce the reflex movement. It
needs no further discussion to see that this would be a highly
artificial and complicated explanation of the course of an irritation,
from a centripetal to a centrifugal nerve-tube.  For one thing, it is
not, in_my opinion, admissible to assume that all the branches
arising from the subdivisions of a sensitive tube should re-unite to
constitute the nervous process of a sensitive ganglion cell; why
then does the subdivision of the nerve-tube exist, why does not the
nerve-tube pass undivided to the cell? For another thing, 1 do not
think it admissible that the same irritation should pass and return
through the same nervous processes.

In my opinion, it is a much more probable assumption that
the irritation does nol at all pass through any ganglion cells, but that
after its arrival in the dotted substance, through subdivisions of
the centripetal nerve-tube, it is at once carried on, info one or several
centrifugal nerve-tubes by the slender side-branches or fibrille Joining
them. How the combination between the branches of the centri-
petal nerve-tubes and the side-branches of the centrifugal nerve-tubes
is produced in the dotted substance, can not at present be defined:
I can not, however, see any objection to the assumption that it
does exist.
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According to the above conclusion, we may thus illustrate a
reflex-curve (1. e. the way an irritation of a centripetal nerve-tube
has to pass to arrive in a centrifugal nerve-tube and produce a
reflex-movement) as in the diagrame fig. 113, the large arrows indicate
the course of an irritation producing a reflex-movement.  The
reflex-curve is, consequently, composed of the following eonstituenis:
I} centripetal (sensitive) nerve-fube; 2] the cenfral web or interlacing
of nervous fibrille or tubes (hg. 113, d); 3) the centrifugal (motoric)
nerve-tube

This theory will necessarily give a new view of the functions
of the central element; but it will, I think, explain a great many
relations which have been rather difficult to understand.  The dotted
substance (the interlacing of nervous fibrille) must be a principal seat
of the nervous activity, through this substance or interlacing is the re-
flex-actions etc. communicated te the consciousness, which even pos-
sibly has its seat in this substance itsclf (especially that of the brain).
According to this view there can of course, to some extent, be a
localisation in the central nerve-system but no isolation.  This view will
also I think possibly be able to explain the fact that other parts of
the brain can talke up the function of lost parts. This is not, how-
ever, the place to enter into such physiological details, we have
especidly taken up the histological side of the question and in this
respect we can state, as a fact, that a plaiting or interlacing (not
reticulation] of nervous fibrille extends through the whole central
nervous system of all animals (which posses a central nervous sy-
stem) and that probably all peripheral nerve-tubes, entering into or
issuing from the central nervous system, arce connected with this
central hibrillar interlacing by branches.  We will then ask the phy-
siologists if it is not probable that it is this interlacing of nervous
fibrillie (or tubes) which especially produces the feeling of unity in
the nervous system, in other words that it is the principal seat of
self-consciousness?

7. The function of the ganglion cells.

A great many physiologists will probably object, that if this is
correct, what functions have, then, the ganglion cells?

I have thought of this, and am fully aware that if the proposed
theory of the elements of the reflex-curve is approved, it will cause
the common theory of the function of the ganglion cells to totter.

_205_



The reflex-actions are, as is well known, probably, the primary
state or the starting point of a great many, if not all, actions (volun-
tary or unvoluntary.)

And if reflex movements are produced without direct help of
the ganglion cells, then there are certainly a great many actions
which can be produced without any direct assistance from these cells,

In the same way as above, me may also assume that an
impression or irritation is conweyed from one part of the central
nervous system to another, e. g. from the ventral (or spinal) nerve-
cord to the brain, or vice versa, without any passage through
ganglion cells; an irritation producing a voluntary action may, thus,
be conweyed from the brain and into the centrifugal nerve-tubes,
passing to the active limb, without passing any ganglion cclls on the
way, or without any direct action of the ganglion cells of the ven-
tral (or spinal) nerve-cord, or of the motoric centre of the limb.
It is not in our present state of knowledge possible to predict the
extent of the influence this theory, if approved, will have an our
ideas about the function of the nervous system. T will, therefore,
by no means attempt to trace it here, but will subsepuently return
to the ganglion cells, and examine what functions there may be
left for them, for certainly we caanot one moment doubt that they
are of great importance to the nervous system.

A function which T suppose they have, and which certainly is
a very-important one, is to serve as nutritive centres of this nerve-
tubes and fibrilla originating in them. We have, before, seen, that
the protoplasmic processes have probably a nutritive function and
absorb nutrition, for the cell, in the periphery of the ganglia (or nerve-
cords) or near the walls of the blood-vessels; now, I think it is probable
that this nutrition is not meant to be for the cell only, but that it is
assimilated by the protoplasm of the cell {the nucleus has probably
an important function in this respeet) and is, in a suitable form,
carricd on into the primitive tubes of the nervous processes; in
other words, the ganglion cells are the nutritive centres of the ner-
vous processes, and then probably also of the branches and nerve-
tubes arising from these processes.') We know of what great impor-
tance nutrition is for the nervous system; it is very peculiar, in

'l Those ganglion ¢ells, from which the motoric nerve-tubes directly issue,
are the nutritive centres of these tubes; whilst those ganglion cells, the nervous
process of which are entirely broken up into slender branches, are the nutritive
centres of these branches (which contribute to the formation of the dotted substance).
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this respect, and it is well known that a few moments want of nutrition
for the brain is enough to disorder the nerve-system and produce
unconsciousness in man. The nutrition is certainly not a function of
too insufficient importance to explain the extension the ganglion
cells have in the central nervous system.

That the ganglion cells of the spinal ganglia have a
nutritive function is in my opinion vere probable. As the nerve-
tubes of the dorsal (posterior) nerve-roots have got no special nu-
tritive centres in the central nerve-system (as they do not originate
directly from cells) they have got them in special ganglia outside
the central nerve-system. In Mywzine the spinal nerve-cells are uni-
polar or bipolar. The processes of the unipolar cells subdivide di-
chotomically in @ T and sead one branch peripherically and one
centrally (cf. FREUD's investigations 1. c¢. 1878). In my opinion the
cell is the nutritive centre of both these branches, but is of no di-
rect importance for their sensitive function; the irritation of the peri-
pheral branch can not pass through the cell (as it then must pass
and return through the same process) but passes directly into the
centripetal branch at the subdivision in T of the process. In the
bipolar cells the irritation of the peripheral part of the nerve-tube
must certainly pass through the cell to come into the centripetal part;
in so far it is no objection that the bipolar cell may be of direct
importance for the sesitive function of the nerve-tubes.  But the fact
only that in the same ganglion, mnipolar cells are present and are
united with quite similar nerve-tubes must be enough to make us
doubtful in this respect. If the unipolar cells have a nutritive func-
tion only, it must be probable that the bipolar cells have the same
function; indeed, secing that in higher verterbrata the spinal ganglia
consist exclusively of unipolar cells (notwithstanding the slender
protoplasmic processes described by FriTsCH (l. c. 1886) which
processes I suppose to be nutritive processes, cf. above p. 1406,
note 1), T think that this must be quite certain. There are also ap-
pearances in the structure of the bipolar cells, which, as we have
before seen, indicates that the contents of the processes to some
extent pass through the protoplasm of the cells without intermixing
with it (compare the description of the protoplasm of these cells
p. 163).

We arrive thus at the conclusion that all the nerve-cells of the
spinal ganglia have a nutritive function only. They are probaly of
a similar importance for the sensitive (centripetal) nerve-tubes as the
amotorice ganglion cells (i. e. the cells from which the motoric
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nerve-tubes spring) are for the motoric (centrifugal) nerve-tubes, the
difference is that the former are situated outside the central nervous
system and have got a simple shape without many prosesses, pro-
bably because they can casily get their nutrition without special
organs; whilst the latter are situated in the central nervous system
and nced generally many and long processes to reach the blood-
vessels or the periphery of the nervous organs and there obtain
sufficient nutrition for the cell and its nervous process.

From the recent works by my much estimated friend ADOLF
D. Oxont (. c. 1884, 1883, 1380) (cf. also the previous papers by
MarsHaLL, |. ¢ 1877; BALFOUR, |. c. 1876 & 1877; HENSEN, L. c.
1876; SCHENK, L c. 1876) we have learnt that the spinal ganglia
spring from the spinal cord. We are thus entitled to say there is
no principal difference between the ganglion cells of the nervous
system and those of the spinal ganglia, they have the same origin
and the samic function but they have got a different situation and
differ therefore also in shape, some are unipolar whilst other are bi-
polar, and even multipolar, which, however, does not make any diffe-
rence in their function.

I have not yet had opportunity to examine in invertebrates how
the relations are as to the nutritive centres of those nerve-tubes
which spring from the dotted substance by a union of slender tubes.
Whether the ganglion cells which T have found in the peripheral
nerves of various animals (cf. my paper on Mysostoma 1835 p. 31
& 74 and this paper p. 141 & 143, note 2) are of importance in
this respect I can not decide at present, it is, at all events, not
impossible.  In the peripheral nerves of Patella I have, as mentioned
p. 141 found ganglion cells which had even protoplasmic processes
(cf. fig. 20, ge).

Whether the ganglion cells of the central nerve-system have
any functions besides being nutritive centres is, of course, extremely
difticult to decide.

It is not imposisble that they may be the seat of memory.
A small part of each irritation producing a reflex action, may on
its way through the dotted substance be absorbed by some branches
of the nervous processes of the ganglion cells, and can possibly in
one way or another be stored up in the latter. Howsoever that
may be, and whatever the function of the ganglion cells is, this
new theory of the combination between the centripetal and the
centrifugal nerve-tubes gives, if approved, a quite new view of
the importance of the dotted substance (or the interlacing of nerv-
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ous fibrille of the vertebrates) and will, in my opinion, explain
many facts as to its occurrence. If the theory is correct, then, the
dotted substance must be a principal seat of the nervous activity,
and — the higher an animal is mentally developed — the more
complicated and extensive must we expect to find its dotted sub-
stance; this is in the fullest harmony with the facts already known.
We need only refer the reader to the ant, or the bee, to compare
the extremely complicated and highly developed dotted substance
of these small inteligent animals, with the dotted substancs of less
developed insects, or to compare the dotted substance of the insects
or crustacea with that of annelides, etc. etc. I am sure that my
readers will very soon arrive at the conclusion, that the more com-
plicated the structure of dotted substance is — the more highly is
the animal mentally developed; in other words, we may conclude
that the more the inteligence of an animal is developed — the more
intricate becomes the web or plaiting of nerve-tubes and fibrille in
its dotled substance; the protoplasmic processes etc. of the ganglion
cells are of no great importance in this respect. In this manner we
can explain how it is, that unipolar cells occur in the nervous
system of animals (e. g. insects and crustacea) which are mentally
even highly developed; these animals have an extremely intricate
web of nerve-tubes in their dotted substance, and this web is pro-
bably the principal seat of inteligence.
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143,  (Mirz 1887)

H. Viallanes. Etndes hist. etc. Quatritme mémoire. Le cerveau de la
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zentralen Nervensystems. Apat. Anzeiger. Bd. II. No. 15, p. 480
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'} Last winter I wrote a paper: Uber das Nervensystem der Myzostomen,

which was going to be published in Jenaische Zeitschr. f Naturwiss. but which is
notyet appeared as far as I know. As that paper was written before the investigations,
above described, had been fnished, there are some remarks on the nervous system
of various animals which do not quite agree with the results we have here obtained.
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Explanation of the plates.

Plate L

The illustrations are drawn under the camera lucida, from the
microscope directly upon the stone. The preparations (exept fig. § & 6}
were' fixed 1 chromo-aceto-osmic acid and stained with hamatoxylin.

Fig. 1.
» 2.
3

Homarus vulgaris. (Magnified Go diameters; Zeiss AA, 2.)
Transverse scctions of an oesophageal commissure. a FEx-
ternal sheath. & Layer of connective tissue inside the
ext. sheath. ¢ Inner layer or sheath of connective-tissue
closely applied to the contents of nerve-tubes (compare
fig. 5, a). &t 4 Large nerve-tubes with more or less
concentrated axes. ¢ Large nerve-tubes with no axis.
nt Central bundle of largish nerve-tubes. snf Masses of
small nerve-tubes, more peripherically situated.

Homarus vulgaris. (Magnified g50 diameters; Zeiss. Hom.
im. ', 1) A part of fig. 1, representing some smallish
nerve-tubes of various sizes, more highly magnified. The
transsected primitive tubes, of which the contents of the
nerve-tubes are composed, are distinctly visible as round
meshes. 1, ¢ Largish nerve-tubes in which a concentration to-
wardsan axis is visible. ¢, ¢ Smallnerve-tubes; in one of them
a slight concentration towards an axis is visible. ¢ Small
nerve-tube in which no concentration towards an axis is
visible, @ Vacuoles. & Neuroglia-substance. ¢ The sheath
of a large nerve-tube which is illustrated in fig. 1, 4.
d Vacuoles in some nerve-tubes, probably artificially pro-
duced. % Neuroglia-nuclei.

Homarus vuigaris. (Magnified 930 diameters; Zeiss. Hom.
m. Yy, L) Transverse section of a large nerve-tube
with axis (it is the same tube which is illustrated in
fig. 1, £). a Neuroglia-sheath, b Sheath of another large
nerve-tube,
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Fig. 4.

» g.
s O
S .‘;
¥y 8.

Homarus vulgaris (Magnified 950 diameters; Zeiss. Hom.
im. '/, 1). Longitudinal section of the same nerve-tube
as is illustrated in fig. 3 (of the same piece of an oeso-
phageal commissure was first taken transverse sections,
and subsequently longitudinal sections. a, @’ Deeply staining
axis. & Externel layers of primitive tubes which are
samewhat obliquely transsected. ¢ & d Neroglia-sheath of
the nerve-tube, which on one side (¢) is considerably
thicker than on the other. & Neuroglia-nucleus situated
inside the sheath.

Nephrops norvegicus. (Magnified g50 diameters; Zeiss.
Hom. im. %y, 1.) Transverse section of nerve-tubes,
from an oesophageal commissure. a Inner layer of the
connective-tissue surrounding the bundle of nerve-tubes
of the commissure (compare fig. 1,¢). b Outer laver of
the same connective-tissue (compare fig. 1, ). £, ¢ Trans-
sected nerve-tubes; in the right one is a very slight
concentration towards a deeply staining axis visible.
', ¢, ¢ Nerve-tubes with vacuoles, which possibly, to
some extent, are transsected tubes. ¢, Nerve-tubes con-
taining solely large meshes, which possibly are transsected
tubes. ¢ Vacuoles. &, k&, ¥, &', ¥ Neurogla-nuclei and
nuclei of the connective-tissue. &' Neuroglia-nucleus situated
inside the sheath of a nerve-tube. The preparation was
fixed in Lang’s fluid (corrossive sublimat 12 9%,) and stained
with hemotoxylin.

Nephrops norvegicus. (Magnified 1700 diameters; Zeiss.
Hom. im. Y., 3.) Part of the contents of a nerve-tube
highly magnified to show the walls of the primitive tubes.
a Thickenings in these walls along the concreting edges
of the tubes. From the same preparations as fig. 5.
Homarus vulgaris.  (Magnified 190 diameters; Zeiss CC, 2).
Transverse section of a small peripheral nerve containing
large and small nerve-tubes. ¢ Large nerve-tubes; their
sheaths are very thick and consist of several layers.
nf Small nerve-tubes. s Septa, dividing the small nerve-
tubes into bundles. & Neuroglia- and connective-tissuc-
nuclei.

Homarus wulgaris.  (Magnified 1150 diameters;  Zeiss,
Hom. im. 5, 2.) Transsected nerve-tubes from a peri-
pheral nerve. #¢ Small nerve-tubes containing some few

_233_



Fig. q.

Fig. 12.

primitive tubes only. p,p Thickenings along the concret-
ing edges of the sheaths of the small nerve-tubes. ¢ Large
nerve-tubes outside the scheath of which a neuroglia-
nucleus is situated.

Nereis virens. (Magnified 950 diameters; Zeiss Y, 1.)
Longitudinal section of a large nerve-tube (1) and some
small nerve-tubes (nf) from the ventral nerve-cord. a Sheath
of the large nerve-tube (b). The spongioplasmic walls
of the primitive tubes ol the nerve-tubes are distinctly
seen longitudinal transsected.

Nereis virens. (Magnified 950 diameters; Zeiss '/, 1.)
Transverse sections of some large nerve-tubes running
centrally along the ventral nerve-cord (compare fig. 14).
a Central fibrous septum dividing the nerve-cord longi-
tudinally into two lateral cords (cf fig. 14). 5 & & Trans-
verse bundles of neuroglia-fibres; subdividing into branches
(e, ). ¢ ¢ Large central nerve-tubes. ¢, & £, Somewhat
smaller nerve-tubes, more ventrally sitvated. ¢ Small
nerve-tubes.  at' Small nerve-tubes situated between the
large central nerve-tubes (f) and the central septum (and
the transverse bundles of fibres [b]). & Neuroglia-nucleus
situated in the ventral, reticular part (B) of the central
septum (a).

Lumbricus agricole.  (Magnificd 3500 diameters; Seibert
Voo Zeiss 2.) Transverse section of the three colossal
nerve-tubes (¢, ¢ ) and a part of the dotted sub-
stance (¢). a Connective-tissue outside the perineu-
rium. b Perincurium (Vignal's gaine troisiéme), outside
which the layer of muscles (m, m) is situated. d Neu-
roglia extending inside the perincurium, between the three
coloszul nerve-tubes. s, 3, s Septa or very thick fibres
occurring in this neuroglia and connected with the peri-
neurium. ¢ Dotted substance, exhibiting a reticulation
produced by a transscction of tubes. «¢ Transsected
nerve-tubes, & Neuroglia-nuclen

Plate 11,

Homarus vidgaris. (Magnified 330 diameters; Zeiss. Apochr.
4.0, — 0,45, 1. Cam. lue.} Large nerve-tubes from an oeso-
phageal commissure, scen in the live state inthe commissure,
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Fig. 13.
» 14.
» 15
» 10,
¥ I7.
» I8,

A &B Large nerve-tubes with striated axes (¢, d). a, a Neu-
roglia layers between the nerve-tubes. b Small nerve-
tube with a visible longitudinal striation. e, ¢ Small nerve-
tubes without visible striation.

Homarus vulgaris. (Magnified 930 diameters; Zeiss. Hom.
im. s [. Cam. luc) Large nerve-tubes (a, a) from a
peripheral, abdominal nerve, and seen in the nerve in the
live state; no striation is visible. b Sheaths of the nerve-
tubes. ¢ ¢, ¢ Apparent septa, optic illusions produced
by a slight bending of the nerve-tubes and their sheaths.
k Neuroglia-nucleus situated inside the sheath of the
one nerve-tube.

Nereis virens. (Magnified 190 diameters; Zeiss. CC, 2.
Cam. luc. direct upon the stone.) Transverse section of
the ventral nerve-cord. ex External cuticulum. ep Thick
cctodermal epithelium, outside the ventral nerve-cord.
kE Nuclei of the high cylindrical cells of this ectoderm.
ep, The common ectoderm of the body. %, The nuclei
of this ectoderm. =, sk »Connectives or neuroglia tissue
surrounding and enveloping the ventral nerve-cord. &' %"
Nuclei of this tissue. &, Similar nuclei, situated more
ventrally, towards the ectodermal epithelium, from the
nuclei of which they are not easily distinguished.
ge & g’ Ganglion cells. m, m Membrane separating the
ectoderm and the ventral nerve-cord from the inner layers
of the body. (From a preparation fixed in Flemming's
chromo-aceto-osmic acid and stained with Delafield’s
haematoxylin.)

Homares vulgaris. (Magnified 620 diameters; Zeiss F, 1.
Cam. luc.) Isolated, largish nerve-tubes from an oeso-
phageal commissure, macerated in acetic acid (1), glyce-
rin (1) and aqua dest. (5).

Homarus rvulgaris. (Magnified 620 diameters; Zeiss F, 1.
Cam. luc.) Isolated smallish nerve-tubes from an oeso-
phageal commissure, macerated in the same way as in
fig. 15.

Patella vulgata. (Magnificd 620 diameters; Zeiss F, I.
Cam. luc. direct in the stone)) Nerve-tubes from a pedal
nerve-cord and a peripheral nerve, macerated as above.
Patella vuigata. (Magnificd 620 diameters; Zeiss F, 1.
Cam. luc.) Nerve-tubes macerated as above, stained with
picro-carmine.
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Fig. 19. Patella vulgata. (Magnified 620 diameters; Zeiss F, I.

]

19 A

21.

Cam. luc. direct upon the stone.) Transverse section ot
a nerve, from which two smaller nerves (a and b) later-
ally issue. @» Vental side of the nerve. a & % Trans-
versally transsected nerve-tubes of the small lateral nerves.
@’ & %' Longitudinally transsected nerve-tubes of the same
nerves. ¢ & d Large nerve-tubes, transversally transsected
s, 5 Septa dividing the nerve into bundles of nerve-tubes.
§', 8 Septa separating the nerve-tubes of the two small
lateral nerves from the rest of the large nerve. [ Neu-
roglia-cell with nucleus situated inside the neurilem-sheath
k Neuroglia-nuclei. (From a preparation treated with
osmic acid (1 Y,) for 48 hours, stained with Delafield’'s
hzmatoxylin and decoloured in water to wich some drops
of acetic acid had been added ; the section was taken directly
with a razor without imbedding.)

A part of the section, illustration in fig. 19, highly mag-
nified to show the structure of the walls between the
nerve-tubes.

Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.
Cam. luc. direct upon the stone.) Longitudinal section
of a peripheral nerve near its origin in the pedal nerve-
cord. ge A ganglion cell sending a protoplasmic process (p)
towards the neurilem-sheath (sh); the nervous process
which runs longitudinally was not distinctly visible in
this section. %, &', &7 Circular and oblong, deeply
staining neuroglia-nuclei. =, nn, 2n’, nn”, nw’” Ovoid, less
staining and, generally, larger neuroglia-nuclei. (The pre-
paration was fixed in chromo-aceto-osmic acid and stained
with Delafield's hematoxylin.)

Phallusia obligue. (Magnified 350 diameters; Zeiss CC, 4.
Cam. luc. direct upon the stone.) Transverse section of
a peripheral nerve. sk External neurilem-sheath. (From
a preparation fixed and hardened in Miiller's fluid, stained
with acid fuchsin dissolved in turpentine with a little
abs. alcohol added.)

Phallusia obligua. (Magnified 750 diameters; Zeiss F, 2.
Cam. luc.; drawn directly upon the stone.) [Longitudinal
section of a part of a peripheral nerve. a &b Septa
(longitudinally transsected) between bundles of nerve-tubes,
n Neuroglia-nucleus situated in one septum (a). #s Sheaths

_236_



of the nerve-tubes. The spongioplasmic walls of the pri-
mitive tubes are distinctly seen in the nerve-tubes. (From
a preparation treated as above.)

Plate III

The illustrations of this plate are drawn under the camera
lucida, from the microscope directly upon the stone (except fig. 23).
The preparations (exept fig. 23) are fixed in chromo-aceto-osmic acid,
stained according to Heidenhain's hazmatoxylin method (except fig. 24)
and some of them afterwards with Delafield's hematoxylin.  All the
illustrations are taken from ganglion cells of

Fig. 23.
» 24.
] 25,
* 26.

Homarus vulgaris.

(Magnified G20 diameters; Zeiss F, 1. Camera lucida.)
A & B Ganglion cells (from a ventral ganglion) isolated
in acetic acid (1), glycerin (1), and aqua dest. (5), and
stained with picro-carmine. a Space surrounding the
central bundle of primitive tubes (b) of the process, and
in which no structure is visible. », n Neuroglia nuclei
situated outside the sheath of the cell and the process.
(Magnified 620 diameters; Zeiss F, 1.) Part of a section
through two ganglion cells (A & B) and the neuroglia (nu)
situated between them. A &B Parts of the protoplasm
of the two ganglion cells, in which a spongioplasmic re-
ticulation is distinctly visible. em, em Neuroglia-sheaths
of the cells. a Transsected, spongioplasmic fibres pene-
trating, from the sheaths into the protoplasm of the
ganglion cells. b Such a fibre seen in connection with
the sheath. sp Similar fibre subdividing and forming a
reticulation. nx Neuroglia. » Neuroglia-nuclei.
(Magnified 350 diameters; Zeiss CC, 4.) Section through
a large ganglion cell (of an abdominal ganglion) and the
root of its process; the lightly staining contents of which
partly originates from bundles of primitive tubes. s, s Fi-
bres penetrating from the neuoglia-sheath into the proto-
plasm of the cell. a Similar fibres transsected.
(Magnified 750 diameters; Zeiss F, 2.) Section through a
ganglion cell and a part of its prosess, the contents of
which arises equally from the whole protoplasm of the
cell by a convergence af primitive tubes. nu Neuroglia,
cm Sheath of a ganglion cell.
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Fig. 27.

(Magnified 620 diameters; Zeiss F, 1.) Section through
a large ganglion cell and the root of its process, the
lightly staining contets (@) of which arises from a union
of bundles of primitive tubes. & Transsected spongio-
plasmic fibres, with which the spongioplasmic walls separat-
ing the primitive tubes, unite. ¢m Sheath of a ganglion cell.

» 28 & 29. (Magnified 620 diameter; Zeiss F. 1.) Parts of suc-

cessive sections through the same ganglion cell, selected
from a series of sections to show how the lightly stain-
ing contents (p,p) of the process penetrates into the
protoplasm of the cels surrounded for some distance by
deeply staining fibres (s, §'). b Such fibres transsected.
a & §” Similar fibres penetrating into the protoplam of
the cell. em Sheath of the cell. o, » Transsected bundles
or small masses of primitive tubes. av Cavities in the
sheath of the cell into which cavities the protoplasm of
the cell partly extends.

Plate IV.

The illustrations are drawn under camera lucida from the mi-
croscope directly upon the stone. The preparations (exept fig. 41)
are fixed and stained in the same way as in Plate III. All the
illustrations are taken from ventral ganglia of

Homarus vulgaris.

Fig. 30—33. (Magnified 350 diameter; Zeiss CC, 4.) Successive

sections through the process of a ganglion cell, selected
from a series of transverse szctions through an abdominal
ganglion. In fig. 30 the process is seen quitting the cell
in fig. 33 it is divided into two branches (a & 3). p, ¢ Con-
tents of the process; near the cell (fig. 30) this contents
is lightly stained, in a greater distance from the cell (fig. 31)
it becomes more deeply stained until it, at a certain distance
(fig. 32), becomes quite dark. pr Protoplasm of the ganglion
cell. sf Spongioplasmic fibres, penetrating into the proto-
plasm of the cell and (sf’) into the contents of the pro-
cess. st” Similar spongioplasmic fibres occurring in the
external layers of the contents of the process. em Neu-
roglia-sheath of the ganglion cell.  is Inner neuroglia-sheath
enveloping the process. mm Concentric layers of neu-
roglia surrounding the process.
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Fig. 34.

(Magnified 350 diameters; Zeiss CC, 4). Transverse sec-
tion through the process of a ganglion cell, exhibiting
the concentric layers of neuroglia (nm) surrounding the
contents of the process (pe). br Transsected side-branch,
issuing from the process the process.

» 35 & 36. (Magnified 620 diameters; Zeiss F, 1.) Two trans-

S 3?
» 38,
® 39.

verse sections through the same process of a ganglion
cell; selected from a series ol sections.  pe Contents of
the process, in which the transsected primitive tubes are
distinctly seen. sf Transsected spongioplasmic fibres
ocurring in the external layers of the contents. br, br" Trans-
sected branches issuing from the process. nm Concentric
layers of neuroglia. n Neuroglia-nucleus. b & ¢ Similar
nuclei deeply stained.

(Magnified 350 diameters; Zeiss CC, 4.) Section through
a ganglion cell. a External, lightly stained, laver of the
protoplasm. b Mesial deeply stained part of the proto-
plasm. sf Spongioplasmic fibres. st & sf" Similar spon-
gioplasmic fibres surounding the lightly stained contents of
the process, in the prototoplasm of the cell. br, br Branches
of the process.

(Magnified 620 diameters; Zeiss F, 1.)  Section through
three ganglion cells (A, B, C) from an abdominal ganglion.
v, v" Transsected masses of primitive tubes, situated peri-
pherically in the protoplasm of the cell. 2" Similar
masses situated on the sides of the bundle of primitive
tubes forming the contents of the process.  sf Spongio-
plasmic fibres surrounding this bundle of primitive tubes.
s Septa or fibres, partly separating the masses of primi-
tive tubes. s Small septa and fibres penetrating these
masses. n Neuroglia-uncleus. a, a Lightly stained parts
of protoplasm situated round the bundle of primitive
tubes forming the contents of the process. b External
lightly staining layer of the protoplasm. p Process of
the ganglion cell (C). em Sheath of a ganglion cell.
(Magnified 620 diameters; Zeiss F, 1.} Lateral section
through the same cell as is illustrated in fig. 38, A In
this section lightly staining masses of primitive tubes are
almost solely transsected. a Deeply staining protoplasm.
b Place where the section has passed just on the border
between the deeply staining protoplasm and the lightly
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Fig. jqo.
¥ 4.
¥ 42.

staining mass of primitive tubes. ss Spongioplasmic septa
and fibres occurring in the lightly staining mass. s’ Si-
milar septum with a little deeply staining protoplasm,
¢, ¢ Small lightly staining masses.  em Sheath of the cell.
wm Neuroglia.

(Magnihed 330 diameters; Zeiss CC, 4.} Section through
a group of smallish ganglion cells in a thoracal ganglion.
a Transsected processes issuing from the cells.  nsh Peri-
neurium enveloping, the ganglion.  sm Newroglia occur-
ring inside the perineurium.

Magnified 7350 diameters; Zeiss F, 2.)  Scction of the
nucleus of a ganglion cell stained with  boraz-carmine.
The nucleus has two nucleoli (a & B). ¢ Thickenings in
the chromatine-structure. s Membrane of the nucleus.
(Magnificd 7350 diamoters; Zeiss F, 2.)  Scctions of nuclel
of ganglion cclls.

Plate V.

All the illustrations of this plate are drawn under the camera

lucida and from the microscope dircetly upon the stone.  They are
all taken from preparations fixed in chromo-aceto-osmic acid, and
stained with Delaficld’s hamatoxylin (and partly also with eosin or
picric acid in turpentine).

Fig. 43.

Nereis virens.  (Magnificd 1150 dinmeters; Zeiss. Hom. im.
Yis, 2.) Ganglion cells, from a transverse scction of the
ventral nerve-cord.  1—5 ganglion cells in three of which
processes (pr) are transsected. 2 Part of a ganglion cell.
a Transsected nerve-tubes of the dotted substance. b Lightly
stained part of the protoplasm of the cell 1. em, em Sheaths
of the ganglion cells.  mu Neuwroglia, nm Neuroglia-
septum penetrating between the ganglion cells, and some-
times dividing them into groups. Iy Large dark granules
in the protoplasm, )

» 44 & 45. Nereis virens. (Magnified 11350 diameters; Zeiss.

Hom. im. '/,,, 2.) Ganglion cells, from horizontal sec-
tions of the ventral nerve-cord. a Mesial, deeply stain-
ing part of the protoplasm. b Peripheral, lightly staining
layers of the protoplasm, sf Spongioplasmic fibres, pe-
netrating into the protoplasm. em, em’ Neuroglia-sheaths
enveloping the ganglion cells. s Neuroglia.  #m Thick
neuroglia-septum.
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Fig. 46 & 47. Lumbricus agricola. (Magnified 2070 diameters;
Zeiss. Hom. im. 'Yyg, 4.) Sections of ganglion cells of the
ventral nerve-cord. e Lightly staining parts of the proto-
plasm. =npr Nervous processes. br, br’' Side-branches,
given off from the nervous process. ppr Protoplasmic
processes, em Neuroglia-sheath of the ganglion cells.
att Neuroglia.  nur Neuroglia retuculatation.  # Nouroglia-
nucleus.

» 48 Patella vulgata. (Magnified 2070 diameters; Zeiss. Hom.
im. 'Y, 4.) Section of a ganglion cell of the pedal nerve-
cord, npr Nervous process. s Neuroglia-reticulation.

» 49 & s0. Pafelly velgata.  (Magnified 1150 diameters; Zeiss
Hom. im. '/, 2.) Sections of ganglion cells; taken from
transverse sections of the pedal nerve-cord.  mpr Nervous
processes. npr’ Roots of nervous processes.  br Branches
given off from the nervous process.  ppr Protoplasmic
process terminating under the perineurium.  pe Perineu-
rium. 2, #' Newroglia-nuelei.  #” Nucleus situated outside
the perineurium and belonging to it.  aur Neuroglia-
reticulation.

Plate VL

All the illustrations of this plate are drawn from the microscope
directly upon the stone under the camera lucida.

Fig. 51—354. Pafelle vnlgata. (Magnificd 1330 diameters; Zeiss
F, 4.) Isolated ganglion cells of the pedal nerve-cord.
apr Nervous process.  gr Yellow granules (containing
hamoglobin?) occurring in the protoplasm of the cells.
gr' Simular granules exuded from the cells.  a (g, 52).
Large granule of yellow substance, being formed on a
place where such substance is exuded from the cell,
b Side-branches, given off from the nervous processes,
ppr Protoplasmic process.  a (fig. 54) Short process or
prolongation of the nucleus of the ganglion cell. (The
cells were isolated in acet. ac. (1), glycerin (1), aqua
dest. (5) or in weak solution of alcohol and stained with
ammonia-carmine).

»  35—37. Phallusia venosa. (Magnified 1350 diameters; Zeiss
F, 4) Isolated ganglion cells from the brain. Fig. 55 &
56 Peripheral cells.  Fig. 57 Tripolar cell situated in the
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dotted substance. npr Nervous process. «,a’,b Side-
branches given of from the nervous processes. ppr Pro-
toplasmic processes. (The cells were isolated in weak
solution of aleohol or in potassium-bichromate [0.003 Y/)).

Fig. 58. Corella parallelogramma. (Magnified 1350 diamcters; Zeiss
F. 4) Section of a ganglion cell situated peripherically
in the brain. = pr Nervous process. a Lightly staining
parts of the protoplasm. (Fixed in osmic acid {1 %)
and stained with picro-carmine.)

» 50, Homarus vulgaris. (Magnified 350 diameters; Zeiss CC, 4.)
Isolated ganglion cell of a ventral ganglion. a & b Lightly
staining masses of primitive tubes. ¢ Bundle of primitive
tubes forming the contents of the nervous process (npr).
br Side-branches given off from the process.  (Macerated
in acetic acid (1), glycerin (1), aqua dest. (5) and stained
with ammonia-carmine.)

»  60. Homarus vulgaris. (Magnified 750 diameters; Zeiss I, 2.)
Isolated ganglion cell from a ventral ganglion. # Neuro-
glia-nucleus situated in the sheath of the cell.  npr Nervous
proceses. (Macerated in acetic acid (1), glycerin (1), aqua
dest. (5) and stained with picro-carmine.)

»  O1.  Homarus vulgaris. (Magnified 1350 diameters; Zeiss F, 4.)
Part of a section through the dotted substance of a
thoracal ganglion, exhibiting the origin of a bundle (a) of
nerve-tubes or rather primitive tubes in the dotted sub-
stance. a Bundle of primitive tubes, longitudinally trans-
sected. b Longitudinally transsected primitive tube. ¢ Ob.
liquely transsected primitive wbe. #pt Transversally trans-
sected primitive tubes. = Newroglia-nucleus. (Fixed in
chromo-aceto-osmic acid, stained with neutral borax-
carmine.)

» 02.  Homarus vulgaris. (Magnified 620 diameters; Zeiss F, 1.)
Part of a section through the dotted substance of an ab-
dominal ganglion, exhibiting the mixture of large and
small tubes in the dotted substance ds The real dotted
substance consisting of very small tubes, which are trans-
versally, or obliquely, or partly longitudinally transsected.
tnt, tnt’ Transversally transsected large nerve-tubes. a &b
Bundle of nerve-tubes longitudinally transsected. nt lLarge
nerve-tube. nf Large nerve-tubes, subdividing dichotom-
ously. =u Neuroglia. s, 2',n" Neuroglia-nuclei. « Large
nucleus.

_242_



Plate VIL

The illustrations of this plate are drawn from the microscope
directly upon the stone, under the camera lucida.
Fig. 63 & 64. Homarus vulgaris. (Magnified 350 diameters; Zeiss

» 6%,
» 00,
Fig. 6.

CC, 4.) Parts of a transverse (lig. 63) and a longitudinal
(fig. 04) section through ventral ganglia. a—g Nervous
processes from ganglion cells or branches springing from
such processes. & Subdividing part of a nerve-tube.
¢ Varicose nervous fibril. #f Varicose nervous hbril.
1—i12 Parts of longitudinal nerve-tubes belonging to the
longitudinal commissures,  sf, s’ Slender nerve-tubes
partly given off from these longitudinal large nerve-tubes.
(From chromo-silver stained preparations.)

Homarus wvilgaris.  (Magnificd 1150 diameters; Zeiss.
Hom. im. Y, 1.) Part of a transverse section through
the dotted substance of an abdiminal ganglion. a—f Nerve-
tubes, some of which are seen to subdivide. (Fixed in
chromo-accto-osmic acid; stained in accordance with Hei-
denhain’s ha:matoxylin method.)

Nereis virens.  (Magnified 930 diameters; Zeiss. Hom. im.
Vg, 1.) Part of a horizontal, longit. section through the
dotted substance of the ventral nerve-cord. @ The central
vertical septum, dividing the nerve-cord  longitudinally
(compare fig. 10, a & fig. 14). {0, tt" Transverse, small
and large, nerve-tubes crossing this septum.  #"" Trans-
verse nerve-tubes passing to the root of a peripheral
nerve.  pt Large nerve-tubes passing to the root of the
same nerve. ¢ Small lopgitudinal nerve-rubes. i Large
longitudinal nerve-tubes.  n, »' Neuroglia-nuclei, situated
longitudinally (n) or transversally (#) in the dotted sub-
stance. (Fixed in chromo-aceto-osmic acud, stamed with
Delaiield’s hasmatoxylin.)

Plate VIII

Nereis wvirens.  (Magnifid 620 diameters; Zeiss F, L
Cam. luc. from the microscope direct upon the stone.)
Part of a horizontal, longitudinal, scction through the
ventral part of the ventral nerve-cord.  ds, ds The dotted
substance on each side of the central mass of ganglion
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Fig. 68.
» 69

» FO.

» 71

» 72.

cells etc. @ Newroglia forming the central, vertical sep-
tum dividing the nerve-cord longitudinally (compare fig.
10,a & fig. 14). lge Large ganglion cells with deeply
staining protoplasm, with spongioplasmic fibres issuing from
the sheaths of the cells, and with small lightly staining masses
of primitive tubes (7). =p Nervous process. ge, g¢' Large
ganglion cells with deeply staining protoplasm. sge Small
ganglion cells with lightly staining protoplasm. sge’ Gan-
glion cell of mesial size with a small mass of deeply
staining protoplasm. af, nf Neuroglia-fibres and longitu-
dinally transsected tube-sheaths uniting with the sheaths
of the ganglion cells. (Fixed and stained as fig, 66.)
Homarus vulgaris  (Magnified 100 diameters.) Ganglion
cell from an abdominal ganglion; constructed from a series
of transverse sections, partly by help of the cam. luc.
(Fixed in chromo-aceto-osmic acid, stained in accordance
with Heidenhains hiemotoxylin method.

Homarus vulgaris.  (Magnified 132 diameters; Zeiss A A, 4.
Cam. luc.} Ganglioncell from a thoracal ganglion, observed
in a transverse section (chrome-silver staining); the proces
could be traced directly into a peripheral nerve.
Howmarus vulgaris (Magnified 330 diameters; Zeiss CC, 4.
Cam. luc.) Unipolar ganglion cell from a chromo-silver
stained section of a thoracal ganglion. The nervous pro-
cess subdivides and is broken up into slender branches.
The slender fibres issuing from the body of the cell are
neuroglia-fibres issuing from its sheath.

Lumbricus agricola (Magnified 6zo diameters; Zeiss F. 1.
Cam. luc. from the microscope dircctly upon the stone.)
Lateral part of a transverse section of the ventral nerve-
cord. a—h Ganglion cells. ¢ Ganglion cell containing
two nuclel.  pe Perineurium.  w Muscles, et Septa and
fibres of comective tissue issuing from the perineurium.
nu Neuroglia. ds Dotted substance. nt, f, nt” Transsected
nerve-tubes of various sizes.  Its, Its’ Sheaths of two of
the three colossal nerve-tubes.  n, #' Neuroglia-nuclei.
(Fixed in chromo-aceto-osmic acid, stained with Dela-
field’s haemotoxylin).

Lumbricus agricola. (Magnified 730 diameters; Zeiss F, 2.
Cam. Juc.) Ganglion cell from a transverse section of
the ventral nerve-cord.
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Fig. 73.

Patelln vulgata. (Magnified 750 diameters; Zeiss F, 2.)
Part of a transverse section through a pedal nerve-cord.
a—, 0 Ganglion cells. # Neuroglia-nuclei. nn Similar
nuclei or cells from which fibres issue. en Large ovoid
or circular neuroglia-nuclei, more lightly staining than the
smaller nuclei.  en’ Similar nuclei situated close to the
nervous processes of ganglion cells, ds Dotted substance.
p Perineurium, enveloping the pedal nerve-cord. #nx Neu-
roglia-reticulation extending inside this perincurium. af Fi-
bres, neuroglia-fibres and protoplasmic processes, running
from the ganglion cells « & &' towards the perineurium.
ect Cells adhering externally to the perineurium.  (Fixed
in chromo-aceto-osmic acid, stained with Delafield’s ha-
motoxylin).

FPatelln vnlgata.  (Magnificd 1150 diameters; Zeiss. Hom.
im. e, 2.) Part of a transverse section through a pedal
nerve-cord.  a—i Ganglion cells.  ds Dotted substance.
nu Neuroglia reticulation.  # Neuroglia-nuclei.  #' Neu-
roglia-nuclei, adhering to the sheath of a ganglion cell.
(Preparation the same as fig. 73).

»  75—78. Patella vulgata. (Magnified 730 diameters; Zeiss F, 2.)

Ganglion cells with their processes.  n Neuroglia nuclei,
(Fig. 75 and 76 are isolated in glycerin (1), acetic acid (1),
aqua dest. (3); fig. 77 and 78 are taken from in scctions).

»  79—81. Patella vulgata. (Magnified 730 diameters; Zeiss F, 2.)

Isolated neuroglia-cells.

Plate IX,

The illustrations of this plate (exept fig. 83—83) are drawn

under the
stone.
Fig. 82

camera lucida, from the microscope directly upon  the

Patelln vwlgata.  (Magnificd 750 diameters; Zeiss I, 2.)
Ganglion cells and their pracesses from a transverse section
of a pedal nerve-cord.  ge Ganglion cells. q Ganglion
ceil. the nervous process of which can be traced for some
distance through the dotted substance.  #' Neuroglia-
nucleus adhering to the sheath of this process. = Neu-
roglia-nuclei.  ne Larger less staining  neuroglia-nuclei.
(Fixed in chromo-aceto-osmic acid, stained with Delafield's
hiemotoxyline,  The section was stained with picric acid
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Fig. 83.
» B84.
» 83,
» B0,
» 87
» 838,

dissolved in turpentine to which was added a little abs.
alcohol).

Patella vulgala. (Magnified 570 diameters). Part of a
transverse section through a pedal nerve-cord. ge Ganglion
cell. @ Ganglion cell. #” Neuroglia nuclei adhering to
the sheath of this cell and its nervous pracess. »™ Three
similar nuclei situated close together. » Neuroglia-nuclei.
Quite similar nuclei (#) are also situated in the connective
tissue outside the perineurium (sh). #' Larger, circular
or ovoid, less staining nuclei situated in the same con-
nective-tissue.  #e¢, ne’ Neuroglia-cells.  ne™ Large, ovoid
neuroglia-cell.  nf Nerve-tubes or nervous processes. (Pre-
paration the same as in fig. §2).

Lumbricus agricola.  (Magnified 950 diameters; Zeiss.
Hom. im /4, 1) Ganglion cells (g¢) the nervous pro-
cesses of which pass into the dotted substance (ds) and
run longitudinally along the ventral nerve-cord. Taken
from a horisontal longitudinal section of the ventral
nerve-cord.

Patella sulgata. (Magnified 11350 diametars; Zeiss. Hom.
im. Y5 2.) Slender nerve-tubes and nervous fibrilla,
from a pedal nerve-cord, isolated in fresh state.

Puatella vulgata.  Magnified 730 diameters; Zeiss TF, 2))
Nerve-tubes and fibrilla from a pedal nerve-cord, ma-
cerated in glycerin (1), acet. acid (1), aqua dest. (3).
e & b Thick nerve-tubes giving off side-branches.  ne Neu-
roglia cells,

Corella  puarallelogramma.  (Magnified 1150 diameters;
Zeiss. Hom. im. ', 2.)  Part of a longitudinal section
through the brain. a—g Ganglion cells. # Neuroglia-
nuclei.  w Similar nucleus adhering to the sheath of a
nervous process.  (Fixed in osmic acid (1Y%,), stained
with picro-carmine)

Corella parallelogramma. (Magnified 620 diameters; Zeiss
F, 1) Anterior part of a horizontal longitudinal section
of the brain. ¢ Ganglion cells. ge Ganglion cell situated
in one of the anterior nerves. a Nuclei adhering to the
inside of the perineurium. #' Newroglia-nuclei situated in
the sheaths of the nerve-tubes.  (Fixed in oswic acid (1 %),
stained with picre-carmine).



Fig. 8g.
» (__}D_
» gl
» 2.

Phallusia venosa. (Magnified 7350 diameters; Zeiss F, 2.)
Nerve-tubes and ganglion cells (g¢) from a brain, ma-
cerated in weak solution of alcchol. a Nervous process
from which side-branches are given off. b—e Nerve-tubes
from which side-branches are given off.

Amphiozus lanceolatus. (Magnified 350 diameters; Zeiss
CC, 4.) Transverse section of the spinal cord. ge, g
Ganglion cells. pp Protoplasmic process. wnf Ven-
tral colossal nerve-tube. Inf Lateral colossal “merve-
tubes. eg Central groove {or canal). f Fibres crossing
the grove. =f Fibres issuing from the epithelial cells sur-
rounding the central groove and penetrating to the sheath,
enveloping the spinal cord.  ns Similar, thick fibres, united
to strong bundles, one on cach side of ventral, colossal
nerve-tube. p Pigment. a¢ Slender nervetubes running
transversally in the white substance. (Fixed in elromo-aceto-
osmic acid, stained according to Heidenhain's hematoxy-
lin method and afterwards with Delafields hamatoxylin).
Amphiozus lanceolatus. (Magnified 750 diameters; Zeiss IF, 2.)
Transsected large nerve-tubes from the a transverse sec-
tion of the spinal cord. (Preparation same as in fig. go).
Amphiozus lanceolatus. (Magnified 620 diameters; Zeiss
F, 1.) Ganglion cell (ge) from a transverse scction of
the spinal cord. pp Protoplasmic process penetrating to
the sheath (a) enveloping the spinal cord.  pp’ Protoplasmic
process, which possibly crosses the central groove, and
which in this section is transsected. ¢g Bottom of the
central groove (or canal). ¢ Epithelium. e Epithelial
cell. p Pigment occurring at the bottom of the central
groove. s Fibres issuing from the epithelial cells and
in which some pigment is deposited:  (Fixed in asmic
acid (1Y), stained with ammonia-carmine).

Plate X.

The illustrations of this plate are drawn under the camera lucida,
from the microscope directly upon the stone.  They are all taken
from sections of the spinal cord of

Fig. o3.

Myxine glutinosa.
(Magnified 132 diameters; Zeiss AA, 4.) Transverse
section of the spinal cord. (To some extent composed
froom several sections of series ol transverse  sections,
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but each part is drawn under the cam.luc.) ge Ganglion
cells. Igc,, Ige, Large ganglion cells. mp Mixed process
(or nervous process?). br Branches given off” from the
mixed process. pbr Branches of the protoplasmic pro
CeSSEs.  vnry, vary, vnrg, var, Ventral nerve-roots, which
are not transsected in the same section, but which are
drawn here to show their possition. #dr Side branch given
off from a nerve-tube, of the ventral nerve-root. nf Nerve-
tubes. tnt Transsected nerve-tubes, w» Vacuoles which
possibly also are transsected nerve-tubes. Mnt Miillers
nerve-tubes transsected; those in the one half of the spinal
cord are only illustrated. ue Neuroglia cell.  nn Neu-
roglia nuclei, situated in the grey substance. fi. f+ New-
roglia fibres.  epy, ep,, epy Processes from the cells sur-
rounding the central canal.  # Nuclei of the sheath en-
veloping the nerve-tubes of the dorsal nerve-root.

Fig. 93. A. The transsected spinal ganglion, through which the

04

nerve-tubes of the dorsal nerve-root pass. At e the
nerve is somwhat shortened on account of the limited
space of the plate. sk Wall of connective tissue surround-
ing the cavity in which the spinal cord is situated.
sge Transsected ganglion cells. #” Nuclei situated in the
sheaths of the ganglion cells. or Ventral ramus issuing
from the ganglion. dr Dorsal ramus issuing from the
ganglion. %’ Nuclei situated in the sheaths of the nerve-
tubes of the latter ramus. (Hardened in Potassium bi-
chromate (2—3v.), stained with neutral boraz-carmine).
(Magnified 154 diameters; Zeiss CC, 1) Part of a trans-
verse section through the spinal cord.  mp Mixed process
of a ganglion cell (which was not, hower, seen in the
section).  pbr Protoplasmic branches given off from this
process. ge,, ge; Ganglion cells.  apr Nervous processes.
ppr Protoplasmic processes.  af, af,, nf, Nerve-tubes or
fibrilla some of which (nf,, nf,) have varicose thickenings
and give off branches. cec Cell of the cpithelium sur-
rounding the central canal. grs Border of the grey sub-
stance. (Stained according to the chromo silver method,
vide p. 77).

(Magnified 132 diameters; Zeiss AA, 4.) Part of a trans-
verse section of the spinal cord. The letters have the
same signification as in fig. 93.  grs Border of the grey sub-
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Fig. 6.

stance. cec Epithelium surrounding the central canal.
npr Nervous process. nbr Sidebranch of the nervous
process. mbr Main branch of the mixed process from
ige. Ur,, bry Branches given off from the same process.
at Obliquely transsected nerve-tube from the ventral
nerve-root (vmry). (Fixed in saturated aquous solution of
pierie acid, stained according to Heidenhain's hamo-
toxylin method).

(Magnified 930 diameters; Zeiss. Hom. im. '/j5, 1). The
ganglion cell Ige of fig. 95, more lighly magnified.  mp Mixed
process.  pp Protoplasmic process. o, v° Transsected,
lightly staining tubes (probably bundles of primitive tubes).
em Sheath enveloping the cell. e Cavity, filled with a
lightly staining, rcticular substance, between the sheath
and the protoplam of the cell.

v g7—99. (Magnificd 930 diameters; Zeiss.  Hom. im '/, 1)

Transsceted ganglion cells of a spinal ganglion. =, #' Nucle
situated, generally, inside the sheath enveloping the eell.
Nucleus situated in the sheath of a process.  gr Dark
granules, occurring inside the sheaths  (possibly  artifical
products in the sections).  » Transected, lightly staining
tubes (probably bundles of primitive tubes).  » Hyaline
organ (or cell?) situated in the surface of the cell.
N Elongated nucleus situated in this organ. N Another
nucleus () situated in the same organ.  pr Process issuing
from a cell; at a the sheath of this process is only
transsceted, we do not, therefore, sce the origin of the
process-contents in the protoplasm of the garglion cell.
pr Nucleus situated in the sheath of the process. nf Nerve-
tube.  fa Nucleus situated in the sheath of the nerve-tube,
(Hardened in potassivon bieromate (2—3 ") stained  with
neutral boraz-carmine).

(Magnificd 1130 diameters; Zeiss. Hom. im. Yy, 2)
Transsected nerve-tubes from a transverse section of the
white substance. Int Large nerve-tubes (Miiller's nerve-
tubes) I Such tubes in which a slight concentration
towards a deeply staining axis is visible. #f Transsccted small
nerve-tubes. ¢ Tubes or cell-processes running transversally
between the longitudinal nerve-tubes.  f Neuroglia fibres,
which are, however, slightly visible in this section. (Fixed
in saturated agvous solution of picric acid, stained ac-
cording to Heidenhain's hamatoxylin method).
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Fig. 101.

(Magnified 620 diameters; Zeiss. F, 1.) Part of a trans.
verse section through the white substance (of the ventral
side of the spinal cord. The neuroglia fibres (f) running
transversally between the transsected nerve-tubes are
here very distinctly visible, a External layer where these
unite with the sheath (pm), enveloping the spinal cord.
Int Transsected large nerve tubes, where the contents (¢)
has skrunk into one side and is deeple stained. ¢ Contents
(skrunk in the same way) of the small longitudinal nerve-
tubes. #»f Slender nerve-tubes running in the external
layers of the white substance.  (Hardened in alcohol,
stained according to Heidenhains's hamotoxylin method).

Plate XI.

The illustrations of this plate (exept fig. 100 & 113) are taken
from chromo-silver stained sections of the spinal cord of Myzine

aglntinosa.

Fig. 102.

> 103.

104.

They are drawn under the camera lucida.

(Magnified 1354 diameters; Zeiss CC, 1.) Part of a trans-
verse section through the spinal cord of Myzine. ge Gang-
lion cell. mpr Mixed process.  bry, bry, bry ,br, Branches
given off from this process. pr Protoplasmic (7) process,
which, however, seem to return into the white substance.
mpry Mixed process of a cell which is not seen in the
section. ppr' Protoplasmic process of a cell which is not
seen in the section. af, nf”, nf™ Nerve-tubes or fbrilla,
running transversally, in various directions in the grey
and white substance. enr Ventral nerve-root. » Vacuole,
possibly transsected nerve-tube. pee Epithelial cell with
process, stained for considerable distance through the
grey tubstance. grs Border of the grey substance.
(Magnified 150 diameters; Zeiss CC, 1) Part of a
transverse section through the spinal cord of Myzine.
961, geg, gey Ganglion cells.  np Nervous processes. ppr Pro-
toplasmic processes. a Place where a branch is given off
from the nervous process mp’. nue,, ntte, Neuroglia cells.
nf, nf', nf” Nerve-tubes. ec Epethelial cells surrounding
the central canal. grs Border of the grey substance.
dnr Dorsal nerve-root.

(Magnified 200 diameters). Ganglion cell, from a trans-
verse section of the spinal cord of Myzine. sh Sheath

_250_



Fig 10s.
100,
» 107,
= 108,
w100,
» 11O,
v 111

cnveloping the spinal cord.  grs Border of the grey sub-
stance,  mp Nervous process.  ppr Protoplasmic process.
(Magniticd 130 diameters).  Ganglion cell, from a trans-
verse section of the spinal cord of Myxine. np Nervous
process or mixed process.  ppr Protoplasmic process.
vnr Nerve-tube of the ventral nerve-root. sk sheath cnve-
loping the spinal cord.

(Magnified 130 diameters).  Ganglion ccll, from at trans-
verse section of the spinal cord of Myrine.  war Nerve-
tube (of the ventral nerve-root) springing  directly  from
the ganglion cell.  sh Sheath envoloping the spinal cord.
(Magnificd 130 diameters).  Mesial part of a transverse
section through the spinal cord of Myrine. Plenty of
nerve-tubes (nf) are seen in the section crossing the
transverse commissurcs.  ece Coentral canal.  » Vacuoles.
cee Central epithelial cells with stained processes. sk Sheath
enveloping the spinal cord.

(Magnitied 200 diameters).  Newroglin eclls with their
processes from a transverse section of the spinal cond.
The black body in the centre is probably produced arti-
ficially by the staining of several cells situated  close
together. sk Sheath enveloping the spinal cord.
(Magnified 500 dianmeters).  Part of a transverse section
through the white substance of the spinal cord, showing
how ncuroglia fibres gather round the nerve-tubes of
the ventral nerve-roots,  p Ventral periphery of the spinal
cord. grs Border of the grey substance.  war Nerve-tube
of the ventral nerve-root.  br Side-branch given off from
this nerve-tube. f Newroglindfibres.  we Neuroglia-cells.
ge Ganglion cell.  ppr Protoplasmic process.  (Fixed in
saturated aqveous solution of picric acid, stained in accor-
dance with Heidenhain's hazmatoxylin method).
(Magnifed s00 diameters).  Neuroglia-fibres running trans-
versally between the large nerve-tubes (Miiller's nerve-
tubes) in the white substance; from a chromo-silver stained
transverse section of the spinal cord of Myzine. nuf Neu-
roglia-fibres,  Mnt Miller's nerve-tubes. wpe Ventral peri-
phery of the white substance,

(Magnified 8o diameters.) Part of a chromo-silver staincd
horisontal section of the spinal cord of Myzine; exhibiting
the dichotomous subdivisions of the nerve-tubes of the
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Fig. 112,

¥ IL3.

nerve-root. dnr Dorsal nerve-root. e Nerve-tube subdi-
viding outside the spinal cord. pe Periphery of the spi-
nal cord. ee Central canal. st Longitudinal nerve-tubes.
Int Longitudinal nerve-tubes giving oft side-branches. st
Subdividing nerve-tube.  sat’ Subdividing nerve-tube cros-
sing the central canal.

(Magnificd 100 diameters.)  Part of a chromo-silver staincd
horisontal section of the spinal cord. The letters have
the same signification as in fig. 111. b7 Slender branches
given off from the nerve-tubes of the dorsal nerve-root.
Diagrame of the reflec-curve The large arrows indicate
the way the irritation of a sensitive nerve-tube has to
pass to produce a reflex-movement. SN Centripetal (sen-
sitive) nerve-tube.  dd Dotted substance or interlacing of
nervous fibrilla in the central nerve-system. MN Centri-
fugal (motoric) nerve-tube.

The small arrows indicate the way small parts of the
irritation of the centripetal (sensitive) nerve-tube pass Lo
arrive in other parts of the central nerve-system. 1 Nerve-
tube passing to the brain. 2 Longitudinal nerve-tube
running along the spinal cord, whilst giving off side-branches.
sne The nutritive centre of the centripetal nerve-tube
(1. e. spinal ganglion ccll).  ene The nutritive centre of a
part of the fibrille forming the dotted substance or inter-
lacing of nervous fibrille (i. ¢. ganglion cell of the central
nerve-system).  mme The nutritive centre of the centrifugal
nerve-tube (i e ganglion coll of the central nerve-system).
ppr Nutritive (. c¢. protoplasmic) processes sometimes
issuing from the nutritive centres, and penetrating towards
the periphery of the central nerve-system or towards
blood-vessels to absorb nutrition. a & b Periphery of the
central nerve-system.
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FRIDTJOF NANSEN and the Neuron

Fridtjof Nansen is one of Norway’s most celebrated sons.
He is recognized world-wide for his achievements as an
arctic explorer, oceanographer, humanist, statesman and
Nobel Peace Prize laureate of 1922.

What is less well-known is that Nansen worked as junior
curator in zoology at the Bergen Museum from 1882 to 1887,
studying the nervous systems of primitive marine animals
with the most up to date histological techniques, including
the silver stain developed by Camillo Golgi. In Nansen’s
doctoral thesis of 1887 The Structure and Combination of
the Histological Elements of the Central Nervous System, he
doubted the correctness of the prevailing Reticular Theory
which stated that the branches of nerve cells were joined
together to form a reticulum.

While Nansen was away on his arctic explorations Santiago
Ramon y Cajal proved beyond doubt that the nerves ended
freely. This was confirmed during the 1950s when electron
microscopy showed that there was a gap between the
terminal branches of adjoining nerve cells, the cornerstone
of the now-established Neuron Doctrine. In a review of
the literature published in 1998 Nansen, together with
Wilhelm His Sr. and August Forel, were acknowledged as
the forefathers of the doctrine.

Neuroscience has now developed into a field of scientific
excellence in Norway, but Nansen’s achievements as a neuro-
scientist are no longer common knowledge. To remedy this
is the aim of this special volume which includes facsimiles
of his thesis and the German synopsis of it, as well as essays
recounting his time at the Bergen Museum and his place in
the history of the neuron.
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