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At as early a date as 1876, EWALD and KCHNE announced 
that the nervous system contains a horn-like substance which 
has a great resistance to  chemical reagents and especially to  
gastric and tryptic digestive fluids. On account of its similarity 
to  the horny material found in other tissues, they termed the 
substance obtained from the nervous system ‘Neurokeratin. ” 
JOSEPHINE CHEVALIER, in I 884, demonstrated the presence of 
the neurokeratin in the medullary sheath of the peripheral 
nerve fibers, by means of chemical analysis. Later (1890) 
CHITTENDEN again took up the problem of the neurokerqtin with 
Professor KUHSE, the first investigator of it, and not only con- 
firmed the previous statement of EWALD and KBHNE, but a t  the 
same time cleared up many obscure points. In addition to the 
chemical determination of it, they showed also that the neu- 
rokeratin network in the medullary sheath may be demonstrated 
under the microscope by treating the fiber with boiling alco- 
hol, ether and digestive fluids. By examining under the rnicro- 
scope the slides thus prepared KCHNE and CHITTENDEN arrived 
a t  the conclusion that there are two layers of the neurokeratin 
network in the medullary sheath ; one closely surrounding the 
axis cylinder, the other lying immediately beneath the prirni- 
tive sheath. 

Through the investigation of these writers just mentioned, 
the new field of the study was opened for the neurologist. 
There are a large number of articles concerning the neuroker- 



150 J O U R N A L  OF COMPARATIVE NIWKOLOGY. 

atin, but it is not necessary to review them in detail. Generally 
speaking, two different opinions are held by the recent investi- 
gators ; one, according to which the neurokeratin is not a pecu- 
liar substance, but an artefact produced by the reagents em- 
ployed, an albuminous substance (RANVIEK) or a nucleoproteid 
(WYNN). This view is held by several histologists, for instance, 
ENGELSLWN, GEKLACM, KGLLIKEK and I,,%vi)OWsKi’. ?‘he sec- 
ond view, that the neurokeratin is a peculiar substance in the 
nervous system and preexists as such, is held by most of the 
physiological chemists ;M well as by a number of histologists ; 
for instance, LEYDIG, PALUDIXO, JOSEPH, SCIIIEITRKDECKER, 
KAPI.AN and others. 

In recent years the use of WEIGEKT’S and HEII) I~NITAIN’S  
haematoxylin has given many opportunities to study the struc- 
ture of the neurokeratin, and as a consequence, a large number 
of reports have already been made. Most of the reccnt inves- 
tigators are inclined to believe in the preexistence of the neu- 
rokeratin in the medullary sheath, on both chemical and histo- 
logical grounds, and moreover the complexity of the neuroker- 
atin increases as the technique improves. 

Before discussing the literature further, I shall give an ac- 
count of my own results. 

For this investigation, the nerve fibers were preserved in 
10% formalin and cut into sections Io/r thick aftcr the usual 
paraffine technique. The sections were stained with the “blue 
solution ” ’ and decolorizcd sufficiently with diluted N11,OH. 
In some cases the blue solution was used without suhseqlrent 
decolorization. 

The  preparations thus treated show the double layers of 
the neurokeratin network in the medullary sheath, one layer 
closely surrounding the axis cylinder, while the other lies just 
beneath the primitive sheath as was stated by EWAI~I) and 
K ~ : H N E  and others. Such an arrangement of the neurokeratin 

Preparation of the “blue solution’’ and its application to the mismxcopical 
sections is given in my other paper,-“On the Nature of the I’rriccllular N e t -  
work.” JOUYN. Conrp. NeuroZ., Voi. S I I I ,  So .  2 ,  p. 141. 
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can best be seen by examining the cross-section of the nerve 
fibers. 

Fig. I shows the cross-section of the peripheral nerve of 
the cat, treated by the method mentioned above. The  neuro- 
keratin stains an intense pink, while the rest of the structure 
remains for the most part unstained ; the axis cylinder presents, 
however, a taint blue tint. It may easily be seen that each 
fiber shows the double rings of the neurokeratin, one along the 
outer margin and the other along the inner margin of the me- 
dullary sheath. These rings, however? are not complete cir- 
cles, but appear as broken lines or are composed of dots. The  
size as wel\ as number of the dots in each ring is variable. In 
some cases, instead ot minute dots, a continuous long line is 
noticed, and in still other cases filaments more or less tangential 
to the inner r ing are observed. The latter appearance is more 
common in the rings which immediately surround the axis 
cylinder. In some cases, these two rings arc connected with 
each other by means of threads of neurokeratin which run per- 
pendicularly to the long axis of the fibers and in cross-sections 
give an appearance of radiations from the central r ing; in other 
words, wheel-like structures are formed by means of connecting 
bands between the two rings. The manner of the distribution 
of the connecting band is so irregular that i t  is almost impossi - 
ble to give a general description of all thc different appearances. 
I can merely state that the number o f  the connecting bands just 
mentioned is not constant, sometimes six or seven being ob- 
served and in some cases more than a dozen. Furthermore, 
the spaces formed by the connecting bands are also variable in 
size and shape. Some of the connecting bands are united with 
others by means of the delicate side-branches which they give 
OK In some instances, three rings are noticed (Fig. 1,b). The 
reason for this irregular distribution of the neurokeratiii in the 
cross-section of the nerve fibers is easily understood if one ex-  
amines the longitudinal sections of the same fibers, and to these 
we now turn. 

The longitudinal view of the nerve fibers is shown in 
Figures 2 ,  3 and 4. The preparations were made from the peri- 
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pheral nerves of the dog, using the same technique as was em- 
ployed for the cross-section of the fibers. 

Fig. 2 shows the general arrangement of the nerve fibers, 
as well as the manner of distribution of the neurokeratin. In 
this figure, the well known cone-shaped or funnel-shaped struc- 
tures are shown clearly. The cone, as is known already. is 
formed by the network of the neurokeratin ; the basal or wide 
end attaches to the outer layer of the neurokeratin sheath, 
while the narrow tip is attached to the neurokeratin sheath 
which directly surrounds the axis cylinder. In many cases, in- 
stead of the single cone there is the appearance of two cones 
united by  their apices and a t  their bases attached to the outer 
margin of the sheath, as is shown in Fig. 2. The shape, size, 
direction, as well as number in each internode of the nerve 
fiber, is not constant. In  some fibers the distance between the 
two narrow tips of the cones is quite regular, and the median 
longitudinal section of such fiber shows it to be divided into 
equal segments by means of the nedrokeratin funnels or cones. 
(Fig. 2 , f ) .  Both the outer and inner layers of neurokeratin 
network are continuous throughout the entire length of the 
nerve fiber, as they are not interrupted at  the nodes of KAN- 
VIER (Fig. 2, a,g.) The structures of the cones and their rela- 
tion to the two sheathing layers are shown in Fig. 4. I have 
mentioned already that double rings of the neurokeratin arc no- 
ticed in examining the cross-sections of the fibers, and further 
gave the hint that the dots forming the rings are connected by 
means of delicate filaments of the same substance, and these 
connecting filaments are in turn continuous by means of the 
side-branches. Such a complicated arrangement may be under- 
stood by  examining the structures drawn in Fig. 2 and Fig. 4. 
Since the two sheathing layers of the xieurokeratin are con- 
nected either by radial filaments from the inner sheath toward 
the outer layer or by the branches which are sent off from the 
inner surface of the cones toward the inner neurokeratin sheath, 
there is thus formed a complicated arrangement of the neuro- 
keratin in the cross-sections of the fibers. In  most cases, the 
outermost layer of the neurokeratin has fine meshes, as is 
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shown in Fig. 2, 6, while in some cases larger spaces of the 
network are noticed a t  the small end of the funnel (Fig. 3) 
while the basal portion of the funnel has much finer meshes 

WYNN ('oo), who studied the medullary sheath by  using 
the PAL-WEIGEKT technique, states that each cone is composed 
of six segments, placed at  regular distances apart, and converg- 
ing from the primitive sheath to the axis cylinder. The  pres- 
ent writer has examined a large number of preparations 
stained with PAL-WEIGEKT technique, but fails to confirm this 
result, although, in some cases, there are six dots placed at  
regular distances (Fig. ~ , a )  and located in some cases along the 
inner margin of the primitive sheath and sometimes closely sur- 
rounding the axis cylinder, A careful examination, however, 
reveals that in most cases more than six dots are to  be seen, 
and furthermore, each dot is not a single dot but composed of 
several irregular lines and minute dots, thus giving a structure 
such as is to be seen in my preparations. According to 
WLASSAK'S ('00) investigation, the PAL-WEIGEKT technique 
stains only the substance known as cerebrin, which is a con- 
stituent of the myelin, but not of the neurokeratin. If this 
statement of WLASSAK is true, the PAL-WEIGEKT technique 
shows a distribution of the cerebrin in the medullary sheath, 
but not the distribution of the neurokeratin. The  six rods de- 
scribed by  WYNN, therefore, may prove that the cerebrin in the 
medullary sheath is distributed in a special relation to the 
cones ; in other words, the cerebrin and neurokeratin are closely 
interdependent in their distribution. WVNX arrived, however, 
at  the conclusion that the substance which forms the cones is 
neither a fatty body, nor neurokeratin, but a nucleoproteid. 
The statement given by WYKN, that the six dots given in the 
medullary sheath brought out by  PAL-WEIGEKT technique, are 
not the neurokeratin, seems very probable, for by comparing 
sections by the PAL-WEIGEKT method with mine for neuro- 
keratin, the dots of the former are seen to be of a size compara- 
ble with the spaces formed by the neurokeratin net in my slides 
and thus the two preparations give complementary pictures 
(Fig. 5 ) .  Passing by the contradictory statements of WYNN 
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and WLASSAK, it is only necessary for me to accept the state- 
ments that the cones described by IVYNS are not true neuro- 
keratin but a substance (either neucleoproteid or cerebrin) pre- 
cipitated along the walls of funnels, and as n consequence, to 
conclude that Wmx is (lealing with some substance other than 
neurokeratin. As a consequence, ~ V Y N S  failed to obtain the 
network structure o f  tlie neurokeratin. The results obtained 
by the PAL-\VEIGEHT technique are, however, extrcmely inter- 
esting, for the preparations staiiied by this method reved the 
manner of distribution of tlie cerebrin (WLASSAK) which is coni- 
plementary to that of the neurokeratin and thus indicxte in- 
directly the distribution of the neurokeratin. 

The structure of the medullary sheath of the peripheral 
nerves, as revealed by these sections, seeins to be as follokvs : 

The ne LI ro kera t i n n e t work iv h i c h contains t 11 e my eli n c o 11. 

sists, first, of two thin layers, one beneath the primitive shc;ith, 
the other around the axis cylinder ; these two layers are, how- 
ever, continuous at  the nodes of I < A N V I ~  ; sccond. of  a chain 
of cones connected with both laycrs, the base of a cone being 
attached to the peripheral layer, the apex in tlic inncr layer, 
each cone being made up of a continuous band o f  neurokeratin 
exhibiting meshes of variable size and converging from the 
primitive sheath to the axis cylinder. ?'he clefts of Scirvitn- 
L A N T E K M A N N  occur at the situation of the cones, but in some 
cases they are also visible betwecn the two cones. b-urther- 
more, the cones present a great variability i n  number, size, and 
direction. These phenomena, just mentioned, may indicate 
that the S C H ) l I I ) T - L , \ N T E K ~ I A N S  clefts are produced artificially by  
rupture of the coagulated protoplasm along the walls of the 
cones. My own observations described above may advan- 
tageously be summarized as follows : 

The peripheral nerve-sheath contains two layers of 
the neurokeratin, one beneath the primitive sheath and the 
other along the axis cylinder. These two layers are connected 
by bands of neurokeratin which run obliquely from the outer to 
the inner layer, thus presenting a funnel or a cone-shaped ap- 
pearance. 

( I )  
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The neurokeratin sheath has a large number of pores 
or meshes and presents a net-like appearance. The size and 
shape of the meshes are, however, highly variable. 

Neither the outer nor inner layers o i  the neurokeratin 
are interrupted at  the node of RANVIEK, but become continuous 
through it with the corresponding layers of the adjoining inter- 
nodes. 

(4) The present observations do not agree with WYNN’S, 
but confirm the previous statements of EWALD and K ~ H N E .  

( 5 )  The present technique brings out a more detailed 
structure of the neurokeratin than has been obtained by other 
investigators. 

( 2 )  

(3) 
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EXPLANATION O F  THE FIGURES. 

PLATE IV. 

The  following figures are free-hand drawings, using Zeiss Oc. 4 I obj. 1-12. 

FiR. r.-Cross-sections of the ventral root nerves of the cat, showing dis- 
tribution of ncurokeratin. 

Fig. 2.-1.ongitndinal section of the ventral root nerves of the dog, show- 
ing fonn of cones. 

Fig. .?.-I.argely magnified drawing of a single nerve-fiber taken from the 
preparation used for Fig. 2, showing the meshwork in  the cones. 

F&. 4.-Same as Fig. 3 .  

Fig. 5. --En'lnrged view of a cross-section 01 a single nerve-fiber taken from 
the preparation used for. Fig. I ,  showing neurokeratin framework. 

Fz?. 6 .  Crois-section of ventral root nerve of human spinal cord. PAL- 
Wslc;rrK,r. Largely magnified. Showing masses of medullary substance in- 
cluded in neurokeratin framework. 
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