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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 Ramón 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 21st 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 
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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 Lærum 
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. 

The Editors
Ortwin Bock and Karen B. Helle 
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FRIDTJOF NANSEN
at the Bergen Museum  

1882–1887

Karen B. Helle

When 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 (Kjærheim, 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 
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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, Jørgen 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 Myzostomenes 
anatomi og histologi” 1 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-

1	 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 
Zoologie2 (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 Kückenthal. 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 Kückenthal (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. 

Back in 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, 1887.3 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.4 A condensed version in German was also published.5 

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
4	 Nordisk Medisinsk Arkiv, Autumn 1887. 
5	 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 Sammenhæng 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. 



–  15  –

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 (Kjærheim 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 Kjøllefjord 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 Drøbak. 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 Ramón 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). 



–  18  –

References
Bliksrud, Liv, Hestmark, Geir og Rasmussen, Tarald. (2001). Vitenskapens utfordringer 1850–1920. 

In: T.B. Eriksen & Ø. Sørensen (eds.) Norsk Idéhistorie, bd.4, p. 278,. Aschehoug Forlag, Oslo.
Bock, Ortwin (2011). Fridtjof Nansen and the Nobel Prize in Physiology or Medicine of 1906. Årbok 

for Universitetsmuseet i Bergen, pp. 25–32. 
Bock, Ortwin (2013). Cajal, Golgi, Nansen and the Neuron Doctrine. Endeavour, vol. 37, pp 228–234. 
Broch, Hjalmar (1954). Zoologiens historie i Norge til annen Verdenskrig, p. 103, Akademisk Forlag, 

Oslo..
Edwards, John & Huntford, Roland (1998). Fridtjof Nansen: from the neuron to the north polar sea. 

Endeavour vol. 22, 76–80.
Finger, S. (1994). Origins of Neuroscience. A history of explorations into brain functions. Oxford 

University Press, Oxford, UK.
Haymaker, Webb, Pocatello, Pier, Liken, Aagot og Waaler, Erik (1970). Fridtjof Nansen 1861–1930. 

In: Webb Haymaker & Frances. Schiller (reds.): Founders in Neurology, CC Thomas Publ. Spring-
field, Ill., USA., 2. ed,. pp. 136–141.

Helle, Karen B (2014). D. C. Danielssen – En kjempe for sin tid, 206 p., Fagbokforlaget, Bergen. 
Jansen, Jan K.S. (1982). Fridtjof Nansen and brain research at the end of the 19th century. Nansen 

Memorial Lecture October 1982. In Årbok for DNVA, Oslo.
Kjærheim, Steinar (1961). Fridtjof Nansens Brev, Volumes 1–5. Universitetsforlaget, Oslo.
Nansen, Fridtjof (1885). Bidrag til Myzostomenes Anatomi og Histologi. Bergen Museums skrifter 

nr. 3.
Nansen, Fridtjof (1886a). Foreløpig meddelelse om undersøkelser over centralnervesystemets his-

tologiske bygning hos ascidiene samt hos Myxine glutinosa. Bergen Museums Aarsberetning for 
1885. John Griegs forlag.

Nansen, Fridtjof (1886b). Preliminary communication on some investigations upon the histological 
structure of the central nervous system in the Ascidia and in Myxine glutinosa. Ann. Mag. Nat. 
Hist. London,, Ser. 5, Vol.. 18, pp 209–225.

Nansen, Fridtjof (1887a). Anatomie und Histologie des Nervensystems der Myzostomen. Jena Z. 
Naturw. vol. 21, pp 267–321.

 Nansen, Fridtjof (1887b). The structure and Combination of the Histological Elements of the Central 
Nervous System. Bergen Museums Aarsberetning for 1886, pp 29–316. John Griegs Forlag, Bergen.

Nansen, Fridtjof (1887c). Nerve-elementerne, deres struktur og sammenhäng i centralnervesystemet. 
Nordiskt Medisinsk Arkiv; vol. 19, special print, pp 1–24.

Nansen, Fridtjof (1887d). Den biologiske stasjon i Neapel. Naturen; vol 1, pp 39–461.
Nansen, Fridtjof (1888a). Die Nervenelemente, ihre Struktur und Verbindung im Zentralnerven

system. Anatomischer Anzeiger; vol. 3, pp 157–169.
Nansen, Fridtjof (1888b). A protandric hermaphrodite (Myxine glutinosa L) amongst the vertebrates. 

Bergen Museums Aarsberetning for 1887. John Grieg’s forlag.
Shephard, Gordon M. (1991). Foundations of the neuron doctrine. A neuron theory begins to take form, 

His, Forell, Nansen. Oxford University Press Oxford UK, pp 103–126.



Waldeyer, W. (1891). Ueber einigen neuere Forschungen im Gebiete die Anatomie des Central
nervensystems. Deutsche medicinische Wochenschrift, vol. 70, pp 1352–1356.

Willassen, Endre (2011). Nansens Makkverk, Årbok for Universitetsmuseet i Bergen, pp. 17–23.
Wyke, Barry (1962). Fridtjof Nansen, G.C.V.O., Dr. Sc., D.C.L., Ph.D. (1861–1930). Ann. Roy. Coll. Surg. 

Engl., vol. 30, 234–252.





–  21  –

FRIDTJOF NANSEN
his Dr.philos. thesis,  

and the Neuron Doctrine 

Ortwin Bock

Introduction

The formulation of the Neuron Doctrine is probably the most important 
event 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 für 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 Ramón 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 
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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 Kükenthal (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). Kükenthal 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,1 “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 

1	 �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.
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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 Polhøgda, 
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.2

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.
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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, Kölliker, 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, ihre 
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).
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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 (Ramón y 
Cajal, Kölliker, 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 Ramón y Cajal (1852–1934), the great ideologue and driving 
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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” (López-Muñoz et 
al., 2006).

To revert to 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? 



–  29  –

References
Bock, O. (2015). A history of the development of histology up to the end of the nineteenth century. 

Research: 2; p. 1283. DOI http://dx.doi.org/10.13070/rs.en.2.1283 
Clarke, E. and C.D. O’Malley (1968). The Human Brain and Spinal Cord; Berkeley and Los Angeles: 

University of California Press; p. 115.
Edwards, J.S. and R. Huntford (1998). Fridtjof Nansen: from the neuron to the North Polar Sea. 

Endeavour: 22; pp. 76–80.
Finger, S. (1994). Origins of Neuroscience: A History of Explorations into Brain Function; Oxford: Oxford 

University Press; p. 46.
Finger, S. (2000). Minds behind the Brain: A History of the Pioneers and their Discoveries; Oxford: 

Oxford University Press.
Fulton, J. F. (1949). Physiology of the Nervous System, Third Edition Revised. New York: Oxford Uni-

versity Press; p. 55.
Gerlach, J. (1872). Ueber die Structur der grauen Substanz des menschlichen Grosshirns: Vorläufige 

Mittheilung. Centrallblatt für die medicinischen Wissenschaften: 70; pp. 273–275.
Huntford, R. (2000). Nansen. The Explorer as Hero: London: Abacus; p.36.
Jacobson, M. (1995). Foundations of Neuroscience; New York and London: Plenum Press; p. 78 and 

p. 210.
Jacyna, S. (1997). Obituary: Edwin Sisteron Clarke (1919–1996). Journal of the History of the Neuro-

sciences: 6; 3, pp. 225–226.
Jones, E. G. (1994). The neuron doctrine. Journal of the History of the Neurosciences: 3; 1, pp. 3–20.
Lindblad, T. (2007). Gustaf Retzius. A Biography; Stockholm: Hagströmer Biblioteket; p. 132.
López-Muños, F., J. Boya and C. Alamo (2006). Neuron theory, the cornerstone of neuroscience, on 

the centenary of the Nobel Prize award to Santiago Ramón y Cajal. Brain Research Bulletin: 70; 
pp. 391–405.

Nansen, F. (1887). The Stucture and Combination of the Histological Elements of the Central Nervous 
System. Bergens Museums Aarsberetning for 1886, Bergen; a) p.64 ; b) pp. 73–80; c) p. 146.

Nansen, F. (1888). Aufsätze. Die Nerven elemente, ihre Struktur und Verbindung im Centralnerven-
system. Anatomischer Anzeiger: 3; pp. 157–169.

Nobel Prize: http://nobelprize.org/nobelprizes/medicine/nominations/database.html 
Retzius, G. (1908). Croonian Lecture: The Principles of the Minute Structure of the Nervous System as 

Revealed by Recent Investigations. Proceedings of the Royal Society of London, B: 80; pp. 414–443.
Sabbatini, R.M.E. (2003). Neurons and Synapses: The History of its Discovery. Brain and Mind 

Magazine: 17; April–July. www.cerebromente.org.br. 
Shepherd, G.M. (1991). Foundations of the Neuron Doctrine; New York and Oxford: Oxford University 

Press; pp. 103–126.
Waldeyer, W. (1891). Ueber einigen neuere Forschungen im Gebiete die Anatomie des Central

nervensystems. Deutsche medicinsche Wochenschrift: 70; pp. 1352–1356.





–  31  –
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and brain research

at the end of the 19th century

Jan K.S. Jansen,
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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.



–  32  –

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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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 

Figure 3
Nervece/1 (B) in the cerebellum whose axon forms synaptic connections 

with a series of other nerve cells (A). Taken from Caja/, 1954.
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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
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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 
to look 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 

Figure 4
Nerve cells from brain and spinal cord. From Purkinje, 1837.
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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 

Figure 5
Ventral motor horn cell of the spinal cord. From Deiters, 1865.
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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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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).

Figure 6
Nerve cells as illustrated by Wagner (1854) showing anastomosis.
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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”, 

Figure 7
Gerlach ‘s (1872) illustrations of continuity between nerve cells in the neuropil. 
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Figure 8
Reflex connections in the spinal cord as illustrated by Landois and Stirling, 1891.
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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 

Figure 9
Nansen‘s diagram of the reflex arc showing the direction of the signals. 

SN = sensory nerve fibre. MN = motor nerve fibre.
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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. 
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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: “I look 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 
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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 Psychology, University of Bergen.
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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 
Ramón 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. 




