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THE SQMATIC EQU_ILIBRIUM"AND THE , NERVE" -
- ENDINGS IN THE SKIN: -t

By C. L. Herrick and G. E. CoGHILL."

PART ONE.
Wity PraTtes V—IX.

Few problems have proven more attractive or more illusory
than the general question as to the nature of the nerve termini
in the membranes, for it would seem that our concepts of the
histogenesis and so of the real nature of the sense organs de-

_pend very largely upon the conclusion at which we arrive ‘as

to the relation between the various types of sensory epithelium.

. The senior writer suggested, in a series of papers on the brain
of the lower vertebrates, reasons for believing that the first.

sense to come into the field of consciousness was that of smell,
and a little later Edinger emphasized the same idea by his in-
vestigations of the olfactory tracts of the reptile brain. It may
now be taken as fairly proven that, if the seat of consciousness
is in the cerebrum, smell was the first of the special senses to
find its way to recognition by it. - It would then be natural that

we should expect the peripheral organs of olfaction to retain a . i}

primitive character and so to afford us a clue to the early state

of such organs. Then too the development of the accessory

or non-nervous organs of sense has here hardly made any pro- .
gress even in those most highly differentiated cases in which

Jacobson’s organ has assumed great proportions. o

From studies of the development of the olfactory organs

in reptiles, as reported briefly in earlier numbers of this Journal,
the writer has been abundantly convinced of the truth of Beard’s

-

statement that the olfactory prota arise fr

om the skin and, by a "}

proliferation, extend to the brain, there to enter into communi-
cation in the glomerules with the processes of the mitral cells
of the t_uber. ) :

. As studied in the embryos of snakes the process is as fol:
lows: The first indication of the change of the ordinary to the

“sensory epithelium is seen in the thickening of a portion of the

superficial layer from the morphological front of the head (the
region of the future infundibular receSs) in relatively broad
bands, one on either side of the head. As the head flexures’
increase, these areas are carried ventrad and come to occupy the
roof of the mouth and adjacent parts of the buccal cavity. The
development of the taste buds from this epithelium we. have
not traced in these subjects, though there is no reason to doubt-
that they.are formed from this proton, as it is easy to see that
the mucous part of the hypophysisis. At the time the first
olfactory rudiments appear, the curvature is such that the hem-
ispheres are protuberant in front and so come nearly in contact
with the prota of the olfactory in the two bands of germinative
epithelium above mentioned. Still there is no difficulty in see-
ing that the original proliferations take place in the skin and
that the constant proliferation by division of the earlier cells’
spins the nerve fiber from the original source to the poir;t where
the tuber subsequently arises. In fact, the tuber, which has
frequently been.compared to the ganglion of origin of a cranial
nerve, does not seem to afford origin for any centrifugal fibers
whatever. In preparations by the silver method it is eésy to
see that the neurite of the moniliform chain  of the olfactory
nerve comes into relations in the glomerules with dendrites of
the mitral cells. Though a considerable wealth of detail has been
secured by study of Golgi preparations during the last ferwlyears
n.othing has been brought to light to invalidate our ofiginai
view. '

'F()r a long time during the development of the brain an
obylpus ganglionic mass lies below the skin at the base of the
point of origin of the olfactory. The gradual elaboration of
th‘e cavities of the nares only serves to redistribute - the prota
w1thout1materia11y disturbing the simplicity of the arrangement,

Herkick-CoGHILL, Nerve Endings in the Skin. 3 3

v



2

S

Ct

= e T e

e e e

ST e

e e e
e e e e e e
T T e T S e e e e e

\A s

e

[

:

1

34 - JourNAL OF COMPARATIVE NEUROLOGY.

“In a wide rangé\bf types it has been possible to make out the

adult conditions which have often been correctly _ described.
Merkel in his classical work gives a figuré of sensory endings

. from a cirrus of Amphioxus that compares in every detail with -

the specific cells of the olfactory epithélium of a reptile or am-

'phibi’an. (Plate IIT, figure 10.) Few if any of those who have "

studied the development of the olfactory will venture to deny
that the ¢¢Stiftzelle” at the peripheral end of the olfactory

nerve is -a member of the nervous series - having the same .

origin, though it is doubless conceivable that, through some
strange fatality, every observer has failed to notice the intrusion

of a foreign element at some stage of the process. (Fig. 31.)

If, however, we take. for granted that the fiber is continuous,
we claim that there is an equal necessity for admitting the same
for other clusters of nerve endings on the surface of the body.

Although there was for a Jong time considerable disagree- .

_ment as'to the actual connections of the olfactory nerve fibers,
and the- classical studies of Kolliker, Klein and Piana’ left the
- matter open, it seems as though the later studies of Ehrlich,
Arnstein, Cajal, Gehucten, Retzius, Brunn and Lenhossek, who
employed the silver and methylene blue methods, were sufficient
to prove conclusively that the olfactory epithelium possesses

rod cells whose proximal end is an actual continuity with the °

fiber of an olfactory nerve filament. The writer has frequently
verified- this in specimens of Amphibia double stained with
* haematoxylin and picrocarmine in which very .unambiguous
views can be secured. A few figures from these preparations
were published by Mr. Bawden, then a student in the writer's
- laboratory (]ourf Comp. Neurol. IV). - Our studies in the
development of ‘the olfactory nerve show that thie proton of the
nerve is formed in or under the epithelium of the nasal area and
- that the nerve grows by moniliform concrescence of cells which
arise by mitosis from this proton. From this stand.point, then,
it would be expected that the neurocytes of ‘origin would be
found in the epithelium. In-all essential respects the relations
in Jacobson’s organ are the same as in the true nasal olfactory
epithelium. The accompanying figure (Plate V, Fig. 10) from
an article by Lenhossek (Anatom. ‘Arizeiger, VII, 19-20.) illus-
tiates these conditions and also the fact that other nerve fibers;

Herrick-CocHILL, Nerve Endings in the Skin. 35

apparently from the trigeminus, terminate in free arborizati

between the ?pithelium cells. A very large followin oflglrlls
new school_ are prepared to claim that the conditions ir% th le
factory epithelium are peculiar to it alone and itis ev ot
tempth to qorrelate_ this with a supposed fundamental e(?iffat-
ence in origin and structure of the -olfactory from all otlfr-.
nerves of the body. . But we are able to show that in the &
dem?al sense buds of the tree frog and other amphibia th N
continuity of nerve fiber and cell can be determined. - © e

It has not been an altogether unnatural result of .the ré-

markable complications of nervous structure revealed by the
so-called specific methods that the results obtained 'by; the old

histological methods have been discredited and it has required
some year’s experience to teach us the danger of too explicit
reliance on the former. Perhaps the greatest of thesé
sources of ambiguity arises simply from the fact that has been.
regarded as the chief excellence of these methods, namel thatl‘
the selection is so perfect that other tissues than t’hose se?’ected
not shown at all or, even if the after-staiﬁing of sections suc-
ceeds, the conditions of impregnation are'so unlike that the
tracing of connections or definite relations is difficult br im 'os-
sible. The absolutely contrary results of Dogiel and Ca'ﬁ in
the matter of thé anastomoses in the retina illustrate theJdifﬁ-
culty that exists even where the methods used are similar. The
results of our own studies are rather to confirm man)‘/. 'of the
old observations and to show that there are two distinct classes
of dermal endings. Ofthese the olfactory illustrates one ‘and '
the most primitive one. In this case we have. to deal with the
Tem_nants ‘of nervous aggregates which were originally forméd
;n or nearl;che outer layer and in the phylogenetic dévelopmenf
1ave not been di : i e i A
ave instanC;ls;dlverted toa deeper level as is true in so many:
In our laboratory in 1891 we made out the fact that in
th§ oral region of the earth-worm there are cells inﬁ th
skin whicb have a nervous nature and whose processes as:
entad tp the central system. Owing'to a delay in the C;I:hér'
aspects of the r'esea'r‘,ch,the observation was not-made public till

v
v

i
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the brxlllant work of Gehuchten had afforded proof of the same

thing, but the suggestion was of course inevitable that we have .

in the lower forms a.permanent retention of cells in the 'skin

which in higher types have tended to become concentrated in-

the central organs. What more natural, however, than that
- this concentration should be incomplete, especially where these
cells have have acquired a specific sensory function. - When the

application of the. Golgi and methylene blue methods revealed:
the fact that there is a most comphcated set of free endings in -

. the skin and that in many cases where a nervous continuity had
been described there is simply a secondary apposition of a den-
drite to preexisting non-nervous cells it was inevitable -that the

existence of cellular nerve endings should be discredited en: - - |

tirely. It is true that the greater part. of the sensory prota are
collected in the spinal and cranial ganglia and seem to prolifer-
ate thence to the periphery; but in various regions, particularly
of -the head, these ganglia never concentrate in a neural ridge

. but retain their original place in the neighborhood of pharyn-
-geal clefts and the like and the possibility must be allowed that .

other cell-clusters elsewhere miay have done the same. How-

-ever, there is another possibility to be considered ; namely, that .

the terminal portion of the peripherally prohferatmg nerve fiber

may under certain circumstances develop a specialized terminal "

dendrite. When the nerve is in process of developing the sub-
division of the distal member is repeated progressively until
the definite terminus is reached and then the extreme element.
is charged with the function of adapting itself to the conditions
there prevailing. .In the case of the motor énding, even the
careful researches of Huber and De Witt do not finally dispose
of the question as to the origin of the end-structures. We may
interpret them as follows: when the' fiber reaches the muscle
its terminal element, together with the nucleus, -applies itself to
the surface of the latter and prior to the formation of the.mus-
cle-sheath, proliferation goes on in a less'regular way than dur-
ing. the development of the nefve itself, in this way is formed

“the ““sole,” which would, accordingly, be of a nervous nature.’

On the other hand, it is possible that the nerve on entering the

i
Y L
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muscle comes m contact with a nucleus of the muscle whlch

_ under the stimulus afforded, begins to proliferate and the pro- -

toplasm of the cells 'so formed assumes an interfnediary char-
acter and spreads out upon the surface of the muscular band as
a means of applying the stimulation. To us the first is in the
absence of direct evidence the more probable solution.
Observations are at hand which tend to show that exten--
sive nervous proliferation takes place below the corium of the
skin at an early stage. In section of the skin of Amphibia these ‘
proliferating cells can be seen and this is probably the origin of
the ganglion plexus of the skin. (Figs. 3, 5 and 6, Plate V)
‘To pass then to the nerve endings in the skin, we may first

note the isolated sensory cells. These may be seen in -suitably

prepared sections of the head in the tree frog and other Anura
and also in the neighborhood of the eye in the axolotl and other
tailed Amphibia. In the tree frog, where they most numerous,

these cells are grouped in threes and fours in close clusties ly-

ing in a special cavity passing through the entire thickness of
the epithelial layer. The terminal segment.is a slender nucle-
ated cell, the nucleus being very narrow. The peripheral- part
of the cell is a narrow rod which at the periphery bears a few

rigid bristles. Entally from the nucleus the cell walls are very

delicate but obvious and the nerve fiber within is easily disting-
uishable in the doubly stained specimens. The fiber is easily
followed to the corium layer and in many cases through it. It
seems too that more 'than one nucleus can be seen in the course
of the fiber before the passage through the corium. The skin
is at this point very thick and the presence of large glands
serves .to separate the corium from the epithelial layer, so that
the course of these fibers is readily followed for a long distance.,

In the case of certain teased preparations it was possible to 150-
late these fibers and study them with oil immersions and there
can be no doubt as to.the relations here described. So far. as
could be told, these fibers do not connect with the subepithelial
plexus as do the fibers of the free arborizations to be described
later. (Figs. 2, 12, 13, 14.) The terminal segment seems to
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‘be éntirely homdloéous with the segments of the nerve and its
peripheral portion is perhaps simply a modified dendrite.

The endings above described must not.be ‘confused with.

the/sense buds found elsewhere in the skin. In the latter there
" is a well-developed accessory apparatus in the form of the well-

known beaker or ““Stutz” cells, here there is simply a cavity or

tube in the midst of unmodified epithelium cells. Yet it is not
. to be assumed without better evidence than is' now at command
that these'two classes are of entirely distinct nature and origin.

In the first place it is scarcely to be credited that two sets of

sensory organs derived from the.same proton and so similar in
function as are the organs of smell and taste should be of an ab-
solutely different type, and what may: be said ‘of the taste buds
applies wuutatis mutandis to the sensory buds of the skin.

. . The contrast between the results of different methods is no-
where better illustrated than in the different conclusions reached
by Fusari and Panasci on the one hand (Arch. italiennes de
Biol. XIV, p. 240) and those of Arnstein (Archiv f. mikro-
skop. Anat. XXXXI, 2).
the chrome-silver method and describe a direct communication
of the nerve fiber with'the axial (rod) cells of the taste buds.
(This we are able to substantiate from personal observation.)-
~ Arnstein, on the other hand, denies such connection most em-
,phatically and' claims that teased preparations with methylene
blue show with all possible clearness that there is no such con-
nection, -but instead that the varicosé nerve fibers form a felt-
“ing of fibers around the axial and outer cells of the bud and end
free in the pore.
the filiform papille. He does not find forked cells, but inclines-
to the view that such cells result from the separation of the true
nerve fiber from the peripheral end of the cell to which it is at-
tached. -The appearance of continuity between the cell and the
nerve fiber is said to be illusory and is explained as due to the
blackening of theicell as well as the fiber. _Ehrlich (Deutsch.
med. Wochenschrift, 1886, 4) described intensely colored cells
in . the mucous membrane of the olfactory region which pass
without interruption into a nerve fiber, but these cases Arnstein
+.also -dismisses as illusory.
ilar conclusions by the use of different material (Anat. Heften,
Merkel und Bonnet, Anat. Anzeiger, VIII, p: 20.) -

~ 4

The former authors worked with -

Arnstein finds quite similar nerve endings in .

Dr. Niemack has also reached sim- .

. or flask -have also been noticed by some authors.
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Inasmuch as the epithelial layers of the mouth-and tongue
are morphologically only portions of the skin, it is necessary to ex-
amine these regions for light on the nerve endings as-they may
be modified under the special conditions here existing. In the
frog, which has been the subject of the most elaborate invstiga-
tion, the sense of taste cannot ‘be at all ‘highly developed, for
the animal is -accustomed to swallow its food, chiefly
horny coated insects, without mastication; and experiments
(Bethe) prove a very sluggish response to chemical irritants. .In.
the tongue of the frog, as well as in the palate, there are num-
erous scattered specific sense organs, those of the tongue being
flat end-plates, while those of the palate are protuberant sensory’

papillae. * Athough these organs were described by Leydig in 3

1858 they have frequently been the -objects of special study
since thén and even now authors are not wholly in agreement as.
to the details of the structure. The cellular elements in these
sense organs consist of the cylinder of flask cells forming the

" protection for the. sensory rod cells, a subordinate variety of

which has been termed forked cells by reason of the divided .
peripheral projection.  Alate, or' winged cells, around the cup

. Bethe, who’
has recently studied these buds by means of ‘the modification of
the methylene blue method which bears his name, . finds two

sorts of nervous termini in them: first, free termini lying be-

tween the cylinder cells and reaching the .surface, second ter-

mini with bulb-like expansions on various cells. (Fig. 8.) One

type of such endings is three-lobed and. such endings are affixed

to the sides of the cylinder. cells; the other variety has si-mplé’

circular end-plates and these endings are found on the rod cells,

fork-cells and possibly also on cylinder cells. In no case did

Bethe succeed in finding actual continuity between the rod-cells

and the nerve. He in fact seems to find greater intimacy. of
connection between the cylinder .cells, which are not supposed
to have a nervous function, than with the rod-cells and in no

case is there more thana contact with the cell wall. He explains

the continuity detected by Arnstein and othersas the result of

faulty observation and imperfect methods. In the ordinary pave-

ment epithelium of the palate Bethe finds termini on gland cells

and ciliated cells, as well as deeper elements. It should be

noted that the finding of the three-lobed end-plates on the cy-

linder cells was not a uniform occurrence but rather exceptional

and the suggestion is near that this is the result of an accidental

state of the fibers and not a natural or permanent organ,

T
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Our own studiés of the gustatory eplthehum of the axo--

* lotle are in ‘accord with the results of Bethe upon the frog so far

as the diffuse endings are concerned, though the methylene blue

‘does not give adequate insight into the connections between

fibers and cells. The taste buds, on the other hand, afford sim-
ilar results to those obtained from the sensory buds of the skin.
The source of many of the erroneous conclusions reached is, as

mentioned beyond, the fact that in successful methylene blue -

preparations it often happens that fibrous elements stain when
the cells*of origin for the same fibers do not. :

- Diffuse Peripheral Connections.—V arious early writers have
,reported the existence of a dense net-work or felting of nervous

- material amorng the epithelial and even the corneum cells of the

" skin.

This structure was first made out by the use of g(?l,d,
chloride and there was always left open the possibility that the

. appearance was due to the disposition of metalhc salts in the

‘interstices between the c_ells.

. by other means. '

Dogiel in his paper on the nerve

‘endings of the genitalia figures a very extensive mesh-work of
this kind with here and there a free knob-like termination and

‘he traces the lower part of the reticulum to a'direct communi--

cation with a set of nerve fibers passing perpendicular to the,
skin.

in this case by the use of the Golgi method. In all of the above
cases there is.the element of uncertainty growing out of the
fact that the methods are impregnation rather than staining pro-
cesses and are histologically uncertain. It would then be emi-

nently desirable to supplement the evidence from these sources -

In.the study of the skin of the Amphibia it
is easily noted that there exists at the base or ental aspect of
the layer of Malpighi a layer or stratum which is in a peculiarly
nascent stite. These cells are devoid of the thick and rigid
walls chatacteristic of the superficial cells and are protoblasts
rather than complete cells. In this layer we may find, at all
stages, the evidences of mitotic division. In fact there is a per-
mdnent proliferating zone in this region. Comparison of this

\

stratum with that of higher vertebrates shows _that the latter form |

(Fig. 1.) . Strong in his paper on the crania'lvnerves of .'
the frog figures a similarly minute meshwork which s revealed

‘reticulum.
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no exception, though it is not always easy to detect the proto-
blastic elements. A single theoretical consideration is sufficient
to convince one that this is what should be expected, for it is of
course recognized that every type of vertebrate has some pro-
vision for the constant or occasional removal of the skin.  In
some cases the process of removal of the corneum is intermit-
tent, while in others it is gradual. In either case it is obvious
that there must be a proton of undifferentiated material>—of
cells that have not passed beyond the plastic stage. In those
parts of the skin where there is little differentiation between the
various layers the difference. between the corneum and deeper
cells is not readlly detected in preparations by the usual pro-
cesses, but in the thicker portions where the so-called Leydig
cells appeatr the basal protoblasts are crowded into the inter-

spaces and pried apart One effect of this process has been to ‘
stretch the connecting protoplasm into an excessively thin layer
or film enveloping the Leydig “cell either completely or'as a
coarse mesh-work of naked protoplasm.. In all the preparations -
we have seen, even those in which the preservatron has been as .
perfect as possible, without the least evidence of shrlnkage, -the

appearance is that-of a broad reticulum arising in the intercal-

lary or basal protoblasts and enveloping the cell in such a way
as to wrap it completely in the products of the adjacent proto-

blasts.” The most perfect process of preservation for such- struc-
tures is a combination of chrom-acetic and platinic chloride di-
luted in alcohol. The use of Merkel’s solution also gave very

- good results, while the various osmic acid solutions’ mvarlably

produce too great shrinkage of some parts, especially of the
In the first mentioned solution it appears that the
natural tendencies of the alcohol and the chromic acid counter-
act each other while the fixing action of the platinic chloride is
in no way interfered with. The avidity to all the usual stains
after this treatment is also very great, while in the osmic pre-
parations there is not only general diminution of the receptivity,
but, what is worse, the effect is not uniform even in the same
class of tissue in thé same preparation. In properly prepared
sectlons the reticular structure of the protoplasm of the Leydig .
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der+ausseren Elachewder zellmembran*aufsassen suEs:stellté 51ch
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Gitterwerky ;hermxgc,bgachtuwmd.r-. durchirippenartige 5) partielles
\/E;frdi,_c;ku'r_lgen»; der.Zellenmembrany undrdassibeiisol¢hen {Zelleny:
wo)ein derartiges“}Git’te'rwer'k zu*rse‘li“e“n ist ~;"der2 'JS'Chnit't 'die i'Z-'ell‘eq

werkﬁ,'nlchtazelgen,)dleidagegen;mgder eZellmembran cvon‘rStrcek'
zu, Streck kleine; glanzendem; Ringe ibegitzen,: aderSchnittmittet
durch die Zelle gegangen ist. Die kleinen Kreise, die:dernZel-

lenmenbran ;aufsitzeriastellen :die Querschnitte;der:rippénartigen .

Vierdickungen dér pMembranddar!l Diesrippenartigeni Merdick
ungen: der;Zellenmembrans Zeigenssich:durchssimmtlicHe Farbels

mitteljebenso gefarbt;;iwie-das Protoplasma, iwesshalb siedéichty

ub’cxbehen iverden'wkéneﬁ“”fﬁa Th'e iauthorf al’sd' n’oticésuthat»xthese'*
connectlon w1th thea above-;mmht*well have,suggestedt thatithese-
supposed iidgessonstheccellzwallbhave jashature more’m:common‘l
withysithatiofspr Qtoplasm. j ‘,*Sltjlllkm,oreztsuggestlv.e. wa$ “thesadditl
tionalyobservationsthat thesé:;ridgessare inot:litnitedstozany-singles

© cell, ibut;; oftenjpassitorzneighboringrcells without interraption:

He. saysd_“.Ich sahyadasss die zBalkenbhvon reinefol.éydigischer
Zelle,,contmmrhchrvusammenhmgen mit:den -Balkenzbénachbariit
ter.Leydigischer Zellén, .dasé: emrfzusammenhangend'es‘”Balken £

werk sich uber meheresLeydigisclie Zellen:atisdehnte wcAusséria

dam sahiich-abervauch;idass: ganz-dhnlich: gestaltetesBalkenfsich
au;f d;ie,—;bcnéohbalzten'-pritvhél'zellem;fbr.tsetze'n.’e’a nciimiqas eild
19 «{O‘U’r Observétic‘)‘hsiléavéfno d’oubt thatlthis mesh‘wo’rk is ri"otif
w1th ;the nucle1 of ithe:basal andnntercallary series: x*(?F igs? 17 20) 1t
It isfeasyptostrace the aneshes; intoccommuhication with! thetipre-1
plasm;;surroundmg.‘theseqprotoblasts o rIt'ilsnmore_m difficilt,zex<s

N
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cept in the case .of perfectly preserved material, to follow the
. nerve fibers to the bases of ‘the cells of the higher series, i. e.,
- those about the sides and ectad of the Leydig cells, In good
methylene blue specimens stained znfra vitam (Figs. 21-2 3) the
-fibers can be traced for a considerable distance into the ep1the-
lial layer among the intercallary nuclei, but it is only in speci-
mens stained with picrocarmine and ha@matoxylin that the ac-
tual connection with the cells can be made out. Even here the
question (always left wholly undecided by the methylene blue

method) as to the nature of the association is not entirely de-

prived of its ambiguity.  When a fiber of.naked nerve-plasm
unites with a protoblast of naked cytoplasm, who shall say

whether the connection is primary or secondary in the absence’
of the most intimate embryological evidence or 1egenerat10n ex-

periments ?

An important question in this connection is that as to .the
‘source of the nerve fibers. Do they arise in the prota of the
skin- or do they enter the skin from out-growths of the spinal
ganglia? It would seem natural to conclude that the latter is

the case, and-yet it is not a little puzzling to see that nearly

e/very cell in this series has its fiber. Then, too, the fact has
.been repeatedly observed that the protoblasts are -continually
dividing, even in rather large specimens of axolotl. (Fig. 20).
It must be left to careful embryological studies to decide wheth-
" ‘er there are cells of origin in the skin for centripetal nerves or
not. Another question must await either an embryological or
pathological solution, and that is- the detection of centrifugal
fibers among those ‘entering the skin.. Such non-medullated
fibers doubtless occur. and we may think of the plexus 1rnmed1
ately below. the epithelium is the probable site.

We have sought to verify the results above described by
the application of the methylene blue zu#ra wvitasn method as
well as the tissue methods used by Dogiel,- Bethe and Huber.
Making all due allowance for the ambiguity of these methods
it seems that the results are in harmony. with those above men-

tioned. It is not difficult to secure impregnations in which

every fiber is stained throughout its course through the.corium,
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but to our’ surprlse they seemed to stop short in the vast major--

ity of cases in the zone at the base of the layer of protoblasts,
while only in comparatively few cases did we trace connections
like those described by Bethe with cells of higher layers. In’

the chromatophore zone just ectad of the corium in 'many parts

of the skin it'was.possible to trace fibérs horizontally long ‘dis- *
tances and in ‘some cases supposed communications with the -
chromatophores or similar bodies were noted. (Fig. 21). In
most cases these cells were nearly destitute of pigment-and pass
by all gradations into undoubted ganglion cells.- g
In this connection mention should be made of“the remark-
able results reported by Dr. W. -Pfitzner.! This writer claims
to trace the fibers after their passage through the corium into-
the substance of -the cells'and to follow them to small knob-like
endings free in the protoplasm of the cells. More than this,”
he traces to each cell, not only of the deeper layers but also of
the stratum corneum, two independent fibers from quite distinct-
sources and founds upon this observation an elaborate hypothe-
sis, which unfortunately is deprived of all standing-room by the -
evidence now at hand. Mr. Massie has pointed out that there:
is -a stage in the young amphibian skin when a curious skein of |
a material staining deeply with some reagents is found ‘in the
cells. .~ The senior writer, who made the preparations used- by
Mr. Massie, can vouch for the accuracy of this observation. "It
is not unlikely that the suggestion is waranted that this skein is

-an embryonic and transitory element in the .development of

gland cells, as it is not found in all the cells but in a certain: class
dispersed among narrower cells ‘having a different reaction.
This skein (Fig. 4) is as certainly intracellular as the nerve-fibers
are extracellular in their course. Figures almost identical with .
those publ1shed by Pfitzner as the results of his observation can
be secured by his methods, especially if the sections are takena’

- little "oblique (Fig. 24.) The process serves to stain very' dis-’

tinctly the part of the nerve that is medullated, i. e. that part
extending through the corium, but not that part which extends’

1 Nervenengungen im Epithel. Morphal, Jakrbuch, 1882, p. 726.
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above,the corium;among, the cells.; ,Such. ﬁbers\,can be.seen,yits
is, true,“ ut they are so, d1ff‘exent in.appearangce. from, the,r meduls:
lated -part,, of these ﬁbers that werare-foreed; toy-conclude ,that
what Dr Pﬁtzner rreally saw, s.theilntracellula ,skem of whichy
mentron has been ;made. ‘{,Itw s;a,most natural,,mrstake)m they
absence of more, rehable methods and especmlly;‘as the;methyl;,

ene. blue process, was.not,at hrs,sdxsposal » The, finding of.-twoy
nerve termm' in each cell 518, apparently to.be explained s, a se

vsult of theJ fac that the base iof theskein.is hldden,‘.as,we found;

it.to be in obquue or.] tthk sectlonsmsoxthatthe appearance; ﬁgg ‘

ured. by, Pfitzner equel_' lsy: recurs and.if, onerhad;a, preconcep-
tion; .in favor of sthe the, nervousvstrutture of,the clement oneg
mlght eas11y construe,itas | he has done e U"Afterﬁsthewabove weq
may:_be, released A‘romg the, obhc tion-tojconsider the,extensives

andf,mterestmgitheorles‘ based,Jupgn,;thde;:_sp,pgqsed l;r},t;raeg_llyl@rg :

endings.y;d srsvsef wogseh el Yo whio ton Ao duse 03 2angit o
Z7 mmzfzonal Cells, ””In certdm megions of the.skin the«epis;
thehumi‘laye reatly,rthxckened and the, Leydigicells;are.sres
reduced An,n nlber or. carried; to;a higher. (ect"{l) devel. 4Insuchs
portlon'm f the skm,tas on. the .dogsal,region,.an interesting; mod--,
ification,. of, the .structure above__, lescribed, jis. found. «; Fere the;

xS r et L ks
lower,,senes of cells s,welonglatred i

ek

S, ) Mn.a- drrectron[,per;pend

“the surface, formmcr a sort; ofypalisade type of cells,, A {deﬁmte)
,wall s, oftent,apparent in, the Jower p01t10np,p10x1mad,,of, ‘the:

33

nucleus,, yvhlle the; perrpheral palt seems to fray‘ out, 1ntolag 1ep--

hds 4been, descrlbed above”but' somewhat, ,modlﬁedw by; the"
chancred condrtlons oo dng & larcre n umbertoﬁcases iweshave sob
served anerve, ﬁber *after passlng, throu@h the: corrumfseekmg the:
base of these cells and makmcr an 1nt1mat,_ connectxon swith,-oned

betterq than the other,jcase, and the connectlon 1S perfect» - s
certam .sense | these cellsare, 1nte1med1ate between sthe rodcellsy
and those that supply the perlcellular meshwork (F_I_O‘_.__ZS_.)_
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wtuDogielt Hasmshotnsthat intthe- reyelids cofsnarn, fOE example
+ -wherés thexnimbBerdand doniplexitylof the sense? organs i§%ex-

tremepithénterminalibodies ¢onsist. 67:a covering: of séveéralcon-

"ty

nectivertissielilayess Hséparatediby:zonesiof-flate epithelial - ¢&lls A

enclosing the nerve net.

The nervénet:isidesctibed rasilying

Areesint thetinteriordsf theibiilby though fa faintly: staimed material’

wasjnidticedland regardedias coagulated: [ymphiwhichomaysrep-
resent Celluldr/ elementsfnot Cofhpetént:torhe revéalédhby the
-methylenethludi methodur.(Big. 219 il hémerve: fiber 1o sésarits
sheath:beforeits ipénetratesrthé: bulblland; at roncertdividesitinto

spirals “or! ¢oils *formingsasloosetmesli-work: brAsideifrony !thcse

specificreellsii‘thererareiextensiviecarborizatiohscandihets “of fibess
idiffu_s'elyr5seatt?efed;."jn::thje‘“te'pit11élium'ratf large; wamrsg brag oogen

oraid Intsomerrespects! thesfullest description of the highly: diffet-
lentiated sense forgansiof thierskin ofithelgenitalia hias'béenngiven
by Dogielrand hissresilts arépertinent tootr purposesinasmiich
asthesfindssthateallithe éhd-organs rédute tor “on'é*t\/p ebery tefmi-
finalzitecticulumsioThe ¢50- called’Jgemtal seénse organsand -the
Kiradse!siand’Meissnet’ sxbodles’all prove to:consist: ofa‘capsule
containing a retichlum: 1of: waricose:fi bersiand; ‘especially i the
easezoftithe genitalicorpustles, ‘those: oft thersamié order arevire:
quently connectedibyilateral anastomosess 31In additiontosthese
specialtorgdns;n Dogielptracestmedullatéd: fibers dntovanwinter-cel-
lular reticulum within the epithelium so fine andridense2as® to
comé apparently.intomrelationsivith: allithescells ofithe . zdeeper
parts: 10f£thlshlaycr eOccasionally asbranchy farns ¢ peupheral.ly
andrends inal knoblatisome distancelbelow:ithessutface, @vWe
seem,1rthen;jito »haverievidencei that 'the typical - forme<of iierve
endingzis arclosespericellulat nétwork; ‘thoughi Dogiel’s miéthod
is.notisuchras -to:allow:ofvdetermining: the .relationti.of ithe fibers
tocthescellsy (Fignibu)s oo uily Huiogl ‘

ety il

sl mTheIm_@stvremar-kablusuggestmn irespecting’ the Homologies
ofsthessenseorgansiof sthie skinfin amphibiansistthiat of Mavrér
. - * - . I3 T S e oo ogn -»v41~:-V'>~ :{ S
who :thinks:thatithevhaircéfevertebrates' canbe: traced Back-phyr
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logenetically to these sense organs.

called ¢ Perlorgan” of certain fishes.
affinity of the sense organs is rather with the audltory apparatus,

" as shown by Ayers and others.
The Sense Buds:
ferences of opinion of competent observers as to the endings in
the end buds. Lenhossek ‘(Anat. Anzeiger, VIII, 4) denies

_absolutely Fusari and Panisci’s statement that the proximal ex- -

tremity of the sensory cells in the taste'bud passes directly into
a nerve fiber and states that the nerves always end free in the

" bud, or rather form a meshwork surrounding it, thus constitut- -

ing a peri-gemmal reticulum. Nerve fibers pass in a horizontal
course below the .epit‘helium.and give off collaterals from time
to time which form a felting of free fibers among the general
epithelium cells. Essentially similar conditions prevail in the
" sense buds of the mouth of fishes and the author concludes that

“the rod cells are to be considered as short apolar nerve-cells‘arid

that the class of nerve endings found in the earth-worm is found
in vertebrates only in the olfactory organ. (Figs. 15 and 16.)
. Retzius takes the same view, but finds that the nerve fibers are

not perigemmal but intragemmal, thus illustrating the difficul-..

ties growing out of a reliance on the G010’1 and methylene blue
methods alone.

A. Geberg in a brlef article in the Anat. Anzeiger, VIII, h
1, claims to be able to demonstrate the endings of the auditory:
nerve in the cochlea by the methylene method, but, inasmuch-

> as the tissues were not stained, it seems that his conclusion, that

. the fibers attach themselves to the -hair cells without communi-

cating with the latter, must be considered as non-conclusive.
Having reinvestigated the nerve endings in the sensory

buds of the skin of the axolotl with material leaving little to be-

desired as to the fixation and hardening, and which had been
double stained successfully, we are able to assert with great con-
fidence that, in this case, there is a special cellular nerve termi-

nus having a direct basal connection with a' nerve fiber. The

nucleus of these cells (which cannot be termed appropriately

Leydig in Biolog. Central- o
blatt, XIII, scouts this-idea and derives the hair from the so-
jThe resemblance . and.

‘It is interesting to observe the wide dlf'

" described as yet.

‘not stained by that reagent.

' ‘connections to a degree.
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rod cells or «Stiftzelle’ ") is narrower and more deeply stained
than the supporting cells'and occupies the entire width of. the
cell. The peripheral part of these cells has not been correctly
In reality it consists of a projection of the
cell walls to form a narrow tube. These, walls are delicate and
very thin but easily seen because of the contrast with the proto-
plasmic fiber contained init. The latter structure is delicate
but stains a deep red with the picrocarmine, while the walls are
(Figs 26-30.) This axial fiber dif-
fers not-at all from that seen in the clusters found in.the scat-
tered sense organs on the head of the tree frog and the frog.
(Fig. 32.) The proximal portion of the.cell is.not as easy “to
trace, for the corium and often the chromatophores obscure the
. Yet itnow and then happens that the-
direct communication with -a nerve fiber rising through' the
corium can be made out. Of course it may be insisted that this
connection is. only a secondary one, but nothing but evidence

+ from embryology or degeneration experiments will ‘substantiate

or refute the <;la1m So far as the evidence now goes, the scat-
tered cells above mentioned and those in the buds stand or fall
together, and for the former the evidence of direct contlnuxty
between cell and nerve is unimpeachable.: : '

The Plexus Beneath the Cortum.—In portions of the skm
stained sntra vitam by the methylene blue method and examined

" at once in glycerine very perfect views of the marvelously elab-

orate plexus beneath the corium can be gained. The fibers are
of two sorts, the larger being connected with the fibers from the-
nerve bundles from the central system, while a part at least of
the fibers.of smaller calibre have a local origin in certain gan-
glion cells of this region. These cells were first detected in
preparations 'double-stained with hazmatoxylin and’ picrocarmine
and were seen in section in a plane parallel to the surface. In
the methylene blue preparations they are very conspicuous and

surprisingly numerous.” The nuclei are large, while the proto-

plasm of the cell does not stain or only slightly with the blue. .
It -is an interesting and- most instructive fact that the cell body
remains transparent, while its own neurite or axis cylinder pro-

A
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- cess is mostly intensely stamed through its entire length. "~ The
hiatus between the fiber and its cell is slight but sufficient to

cast a doubt on the fact of Communicdtioh were the conditions:
not absolutely favorable. - With a high power it is possible to’

see the sheath and the ‘faintly tinged protoplasm so that no
doubt is in this case possible.

It may be noted also that other methods seem to show’
that it is entirely possible for the protoplasm of a cell to react .
- differently from that of the axis cylinder derived from it. Thus -
“may be explained many of the ambiguous and conflicting re-

‘sults ‘of the applications of the methylene blue.process. Fig.

33 illustrates the appearance of a section stained with ha:ma-
toxylin and picrocarmine, while Fig. 23 is froma methylene blue
preparation. = Figs. 33-37 are from surface views of the plexus,
showing the ganglion cells. Figs. 38 and 39 are from the same

~ region, showmg connections with vessels and chromatophores'

-(Fig. 3)
It will be seen that the fibers of this plexus below the cor-

ium are of two sorts. The fine fibers arise, in part at least, in
the local ganglion cells and can be traced to the nerve bundles,
.whlch they enter and then mingle with the' fibers of the larger

‘sort. In the perpendicular sections it is easy to see thata cer-
tain number of fibers from the general ‘‘mixed” nerves pass.
without intérruption into the skin and so do not participate’ in -
the formation of the plexus. Others, on the other hand, divide

.dichotomously in the level of the plexus and the branches give
off ““collaterals” that pass through the corium and so reach the

epithelial layer. It is not possible to state positively that fibers -

~ from the ganglion cells of the plexus give off fibers to the skin,

though such certainly is'the appearance. ~ After passing through™

the " Corium, the fibers do not all at once seek out their definite
termini in- the cells of the epithelial layer, but they often turn
sharply at right angles at the ectal surface of the corium and pass
long distances parallel to the surface. This tendency is more

- marked in some regions than in others. This fact greatly com-
plicates the study of the endings: In the case of taste buds and 18
the organs of the lateral line this is one of the most serious dif-" =~ &

_ the skin. -

"a very intimate and necessary connection.
" “struck by the close resemblance of this. periglandular felting to
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ficulties in the way. of a correct inter pretation of the appearances

-presented by. sections.

A discussion of the theoretical bearmgs of these facts and

_ further details must be deferred to the second part of .this paper

Since writing the above we have been able to settle. severai

points previously in doubt. None of our preparations of the.

skin of amphibians gave unambiguous results for the glands of
. We have at last succeedéd in securing excellent zx-
tra wvitam impregnations in the toad ( Bufo sp.) in which it is
easy to trace the non-medulated fibers from the plexus ectad of

the corium, and also from that entad of it, into the. most inti- .

mate connection with the superficial walls of the glands, which

are of small caliber but are excesswely numerous and envelop
the whole gland in what at first looks like a closely woven re-
ticulum, but a close study shows that the appearance of a retic;
ulum is due to the repeated dichotomous branching of a large

number of distinct nerve fibers. These fibers cross at slightly .

different levels and there is no doubt in most cases of the com-
plete distinctness of the fibers as they cross.  Upon these

fibers are frequent varicosities which may be due to imperfec-
. tions of the process or may be the points of attachment of the

ﬁbers upon the cells of the gland. Of course this method does
not admit of determining the exact relation of the nodosities to
the several cells, but.there can be no doubt of the existence . of
One 'is forcibly

the perlgemmular reticulum described by many authors in the

", case of the Sense buds. The latter is, as we have.before in-

sisted, entirely distinct from and totally unlike the ‘intragem-

. in this species are very large and highly functional. The fibers .

mular endings in distinct cells which may be demonstiated by

a wide range of independent methods.
The same preparations used in the earlier parts of thls paper

‘have also afforded to a more extended: study a number of sat-

isfactory views of the connection of the ganglion cells of the

-




t2 - . JournaL OF COMPARATIVE NEUROLOGY.

reticulum below- the .corium with fibers—not only with such as
pass directly into the nerve bundles but, as we now find, with
with non-medullated fibers which pass through the corium and
end in relation with the cells of the epithelium layer. - We also
. find that these and other fibers, after passing through the cor-
“ium, turn and pass for long distances parallel to the surface to
their final destination in the upper layer., This seems to be par-
ticularly true of the fibers of the perigemmular series of the
sense buds. In some cases well defined bundles of nerves in a
common sheath pass through the corium, while in those cases
‘where the nerve sheath is present it is soon lost after passing
the corium. It seems.natural to conclude that the non-medul-
lated fibers of thé epithelium are essentially s1mllar to the fibers
of the same structure that supply the glands. If so, we ‘may
add that.these are in both cases centrlfugal and we have a sug-
gestisn at least toward the solution of the puzzle as to the re-
spective -functions of the several classes of fibers. That the
general cells of the skin have more or less power of absorption
and excretion, das well as secretion, can hardly be doubted and,
if so, why-may not these fibers from the disperse ganglia of the
peripheral sympathetic $ystem be the neural sponsors for these
" functiens ? The methylene blue method reveals the same sens-
ory endings in the skin that we have described fully from histo-
logical preparations, but curiously enough they appear as fibers
simply because the nuclei are not stained-and this fact explains
the discrepancy in the two methods. ,

It is interesting ‘to compare the intercellular net- work de- -
scribed above with the similar so-called connective tissue net-"
work described: by Bruyne (Arch. de Biol.,, XII, 1892) sur-

rounding the muscle fibers. The figure given in the article by
- the same author in Anat. Anzeiger, X, 18, is so remarkably
similar to the apearance we have called attention to that one may
be pardoned for suspecting similarity -of nature.” It may be that
more than one instance of intercellular bridges rests on the mis-
interpretation of similar structures. The relation of the space

so kept open between the cells to the circulatory fluid is a ques-

tion of greater interest than seems to have been suspected.
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NoTE oN THE METHYLENE BLUE PROCESS. Itiappear/s that
we have had in one respect the usual experience with the meth-
ylene blue intra vitam impregnation process. It is not difficult

_ to secure excellent impregnations of the nerves of the skin of

the Amphibia in which the nerve fibers are deeply and quite
selectively stained, yet it appéars that there is a strong ten-
dency for the stain to be extracted or . rendered diffuse by the
process of imbedding so that tissues which were very perfectly
stainegl in the glycerine are quite unsatisfactory in thin section.
It appears that the difficulty is in the action of the alcohol, which
is required in both the paraffin and the celloidin metliods of im-
bedding. Toobviate this difficulty we have resorted with good
results to the use of a mixture of gum arabic and glycerine.
The fragment is placed-in glycerine or may be placed at once
in the gum-glycerine. After an impregnation of a day or two

- in a closed bottle the specimen is mounted in a paper tray with

the mixture and the latter is allowed to evaporate till a consist-
ency’ is reachcd which will permit it being placed in the micro-

tome and sectioned. 1In this way sections are secured . thin

enough to serve the pupose desired and these may be mounted

~ in gum-glycerine or may then be dissolved out of the gum and

treated in any way desired.
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- ' EXPLANATION OF FIGURES.
PLATE V. )

Fig. 7. Diagram of the skin of the sexual organs, after Dogiel. 4
Fig. 2. "End-organs in the skin of the tree frog, original. Teased prep-

i

aration.

Fig. 3. Sense bud of young sal.amander Original.

Fig 4. Skin of tadpole with nerve endmgs and the transn.ory skems inter- -
preted as nerve endings by Pfitzner. '

Fig. 5. Skin of very young tadpole. Orig‘iﬁal.

Fig. 6. Skin of tadpole, near angle of mouth, Original. .

'Fig. 7. Sense bud of Amblystoma. Original. '

Fig. 8 Nerve endings in the epithelium of the frog, according to Bethe. . -

A.—+ Gabelzelle,” from sensory papillz of tongue.

~ B.—Cylinder cells. . .
] C.—Isolated rod cell. ’
D.—Upper part of papilla. ,

E.—Ciliate cell of palate. .
Fig. 9. Nerve ending in the human conJunctlva Dogiel.
Fig. ro.  Nerve endings in Jacobson’s organ, Lenhossek.
 Fig. 11, Nerve endings in the taste buds. bArnstein.

PLATE VI~
Fig. r2, Section from the skin of the head of a tree-toad. a, nerve bun-
dle and endings; 5, gland ; ¢, cofium ; &, small gland; ¢, chromatophore.
Fz:g'.'13. Skin of head of leopard frog showing cellular nerve endings in
groups penetrating the skin. ‘ _ ,
Fig, rg. Similar endings from the tree frog.
Fzgs 15, 16, See Plate VIII. '

Fig, r7. Part of the skin of the axolot] . showing the nerve bundle on its

way to the skin and the pencellu]ar net-work, ’

Fig. 18. Skin of axolotl showmg pericellular net- work and the nerve-fibers

entering from below.

Fig. 79. Similar section fixed in Flemmmg s solutlon

Fig. 20. A section of portion of axolot] skin where the Leydlg cells (L. c)
are two-layered. Prohferatmg cells (£ in lower series of protoblasts; ¢, corium
B. V., capillary ; nerve fibers entering from below.

Figs. zr-23. See Flate VIII.

© Fig.24. Skin of tadpole as ﬁgured by Pfitzner.
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fzg 25. Section from a different part of the skm with cellular nerve ter-

mini. This is probably to be explained as the result of the elongation of the -

basal series of the epithelial cells. *
fig. 26. Sensory bud from skin of axolotl, showmg the tubular peripheral
ending of sensory cells with fine thread of protoplasm extending to perlphery
and the basal connective with nerves.
- Fig. 27. Sen‘sory bud from another part of skin. .
. Fig. 28. Similar bud in which the peripheral porfion of the sensory ele- .
ment seems divided. Explained as due to the shrmkage and “ fraymg out” of.
the wall. '
Fig. 29 See P]ate VIIIL

Fig. 30. Isolated supporting cells from specimens similar to Fig. 28,

\ ’ '

stained with h&matoxylm, picro-carmine and methylene blue.. Are the blue

fibers nerves, or are they Imes of precxpltatlon in folds of the cell wall due to

. shrinkage ? Compare Fig. 1. . '

Fig. 35, Cells from nasal cavity of leopard frog.

Fig. 32. Nerve endings from skjn of same to illustrate similarity to the -
Tast. ' ) : o

iz, 33, Skin of gills of axolot! to show ganglion cells beneath the corium, * -

A

PLATE VIII.

Fig. 15, Pericellular nerve fibers from sensory bud of conger eel.
Fig. 16. lIntrabulbar endings in Barbus. (Both 15 and 16 from Lenhossgk.)

Fig. 2r.  Skin of the axolotl showing nerve endings in or near the chroma

-tophores and in the skin of the axolotl. Methylene blue.

Fig, 22. Similar to Fig. 21, showing endings in layer of protoblasts,

Fig, 23. Perpendicular section through skin of axolotl stained ntra vitam
with methylene blue and cleared in glycerine. The plexus beneath the corium,
is clearly visible. .

- Fig. 29. Cells similar to to Fig. 28, stained with methylene blue.

ZIig. 34. Surface view of methylene blue preparation, similar to Fig. 33,
showing connectfon_ of ganglion cells with nerve bundles,

Fig. 35. Same as Fig. 34. ‘

Figs. 36, 37. Ganglion cells of large ramose form from same layer as above,. '

Fig. 38. Relation of nervous reticulum below the corium to the capxllarles.

 Fg 39 Chromatophore -like ganghon cells

. .
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PLATE IX.

Fig. go. Section of the skin of the head of a toad (Bufo) after éntra vitam
injection with methylene blue and fixation with Bethe’s solution of molybdate

of ammonia, Examined in glycefine. The section is somewhat oblique so .

that the duct and part of the body of the gland is removed The delicate non-
medulated ﬁbers are seen generously disfributed over the uncut surface of the

gland.- Coarser fibérs' are also seen in the lower and upper plexuses, also a bun--

’

“dle of sensory rods at the left.
Fig. I Intra vitam methylene blue preparatlon ‘of skin of a‘{olotl show-

ing connection of cells of the ganglionic meshwork beneath the corium with
. the epidermis. g, fiber passmg to cells of the mtracellular reticulum; &, non- med-

ullated fibers from a nerve piercing the corium; ¢, ¢,! ¢ and &, ganglion cells of

y

" the plexus beneath the corium.
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