
ENDOTHELIUNI OF DESCEMET 'S MEMBRANE

THE EARLY DEVELOPMENT OF THE
ENDOTHELIUM OF DESCEMET'S MEMBRANE,

THE CORNEA AND THE ANTERIOR
CHAMBER OF THE EYE

BY

A. HAGEDOORN
ASSISTANT OF THE UNIVERSITY EYE CLINIC, AMSTERDAM

"IN SO far as embrvology is concerned, ophthalmology forms a
happy and notable exception to the general trend of modern medi-
cine towards intense specialisation. Instead of being of semi-
detached and somewhat academic interest, embryology has taken a
real and integral share in the clinical applications of ophthalmo-
logy, and tlle greater part of recent research on ocular formation
and growth lhas been uindertaken by ophthalmologists working
with the solution of clinical problems as their ultimate aim
This clinical interest witlh which embryological questions are

associated is accounted for by three factors. In the first place,
recent improvements in the methods of examination of the living
eye have rendered possible the recognition of its individual struc-
tural variations with a greater minuteness than is possible else-
where, and the explanation of many of these is purely embryo-
logical. Moreover, the diagnosis of congenital from acquired
conditions is frequently more difficult and important in the eye
than elsewhere in the body, and decisions upon many questions of
importance can only be made in the light of a knowledge of normal
and abnormal development. Finally, both morphological and
physiological problems may be considerably clarified in many
cases by an appeal to the ontogeny of the phylogenetically related
species." (Duke-Elder).
The endotlhelium, first mentioned bv Pappenheim in 1842, is

becoming of increasing clinical importance, especially since the
discovery of the slit-lamp, and on that account Professor Zeeman
urged me to study these cells, beginning with their embryology.
Material and literature proved very interesting, not least with
respect to the cornea and the anterior chamber of the eye, the
development of these being inseparably connected with that of the
endothelium. An exact knowledge of the embryology of a cer-
tain cell or organ is of importance for the understanding of adult
structures, and of physiological and pathological phenomena.
This rule must be specially emphasised for the endothelium of
Descemet's membrane. In the first instance its development is
the only argument for the name endothelium. And though, e.g.,
after Ranvier and Virchow, it is spoken of as an epithelium because
of its histological qualities, in recent literature the name endothe-
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lium is generally accepted. Secondly, the development leads to
the denial of any relation of these cells with higher differentiated
cells of mesodermic origin, as, e.g., the epithelium cells of the
tubuli of the kidney, or to the classification of them automatically
in the group of the endothelia. So, e.g., Terrien says: "Leure
nature endotheliale cependant n'est past douteuse et est demontr6e
par le developpement." The ophthalmologist concludes that
these cells must be of a rather indifferent character, and line a
cavity. And really, this is the only meaning of the term endothe-
lial nature, as becomes evident in studying the literature on this
subject.
This development is described by Howden in Cunningham's

Text book of Anatomy as follows: (comp. Fig. 1, human embryo
26 mm.)
"The condensed mesoderm surrounding the optic cup becomes

the sclera and the choroid. In the portion of mesoderm in front
of the lens a cleft-like fissure appears, and divides it into a thick
anterior and a thin posterior layer. The former becomes the sub-
stantia propria of the cornea, the latter the stroma of the iris and
the anterior part of the vascular tunic of the lens (pupillary
membrane). The fissure represents the future camera oculi
anterior and its lining cells form the endothe!ium of this chamber."
Thus the anterior chamber is simply a cleft in embryonic meso-

derm, comparable with the lymph-spaces in the skin of Anura
(Nussbaum) appearing in about the second month of embryonic
life. The cells lining this cleft anteriorly form the endothelium of
Descemet's membrane. This theory as given in most modern
text books and even recent publications (I. Mann, 1925), is modi-
fied by German authors (Bruckner, Wolfrum, Seefelder), who
especially paid attention to the later stages and showed that the
anterior chamber is virtual first and filled much later (fifth month),
first in the periphery. The anterior pole of the lens (covered by
the pupillary membrane), remains in contact with the endothelium
until about the sixth month. They believe that the anterior
chamber of Koelliker is a result of fixation. Keibel and LindahlWl)
oppose this view, and claim to have embryos undoubtedly show-
ing a real, filled anterior chamber in these early stages. It is
interesting to note that the same controversy existed 40 years ago
(Krishiewsky). It is to be noted, however, that the mode, of
development of the cornea, pupillary membrane and the endothe-
lium is exactly the same in both theories.

In 1926 Seefelder(5) described a thin layer of mesodermic cells
behind the epithelium, which he considers to be the endothelium.
He believes that first the endothelium appears behind the epithe-
lium as a compact layer, the cornea-stroma cells secondarily grow-
ing in wedgewise between epithelium and endothelium. The
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pupillary membrane is seen onlx later and is claimed to be at its
first appearance in a thin ectodermal lamella, differentiated in the
"anterior vitreous body." The relation of stroma-cells and endo-
thelial cells, described in an earlier publication (Fig. 21, page 3882,
American Encyclopedia, 1914, Plate XXV; atlas of Bach and
Seefelder, 1911) is denied now and considered to be a result of fixa-
tion (wrinkling of the cornea). This entirelv different mode .of
development is claimed to be found onlv in man; in mammals
Koelliker's description should be maintained. It seemed to me
that this last suggestion was very improbable indeed.The general
outline of the development of the eye, not only in mammals, but
in the whole class of vertobrates shows such a striking similarity,
that Froiriep says: "Wie Athene aus dem Haupte des Zeus tritt
das Vertebratenauge in die Erscheinung." Moreover, not a
minor detail is concerned here, but the very principle of the con-
struction of the anterior part of the eye. Further, I could not
understand why Seefelder's finding in 1926 should consequently
iead to a correction of his former publication. The picture as
given in Plate XXV of the Atlas (Fig. 21, page 3882 of the
American Encyciopedia) is very difficult to explain by wrinkling,
and it seemed much more simple and probable that the first layer
of mesodermic cells appearing behind the epithelium (1926) is the
matrix for both endothelium and stroma-cells. So it had not been
necessary to recall the intimate relation between stroma and
endothelial cells shown in Plate XXV.
The supposed remarkable isolated position of man, the domina-

ting role of the endothelium, the claimed subconjunctival origin
of the cornea-stroma after Seefelder, the non-existence of an ante-
rior chamber in earlier stages, the role of the anterior vitreous body,
the existence of which is even denied by Dejean in 1925, each of
these indicates a problem, together showing that the fundamental
facts of the development of the anterior part of the eye are still
obscure. So we find here an unexpected and promising field for
research, unexpected, as Dtuke-Illder says in 1927: "Trhe general
outline of the development of the human eye has long been known
and the scope for further research lies entirely in the direction of
a minute study of the few details which #till remain obscure in
the main plan." This gap in our knowledge becomes evident in
the difficulties we meet in the explanation of congenital corneal
opacities (Mlann, 19227).
Now I shall describe my own ohservations, at the same time

discussing the principal studies as far as they have actual value.
I am much indebted to Ptof. Bolk of Amsterdam, and Dr. de
Lange of Utrecht, for lending me the material.
Only in a few series this extremely vulnerable anterior part of

the eye was sufficiently, preserved, especially in the human material
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that I studied first. And even in the majority of these series the
central part of the cornea was seriously damaged, or had even
completely disappeared. In nearly all series the plane of section
was not conducive to a clear understanding. The result of these
facts is, that in many publications sections through the periphery
of the anterior chamber have been studied, such a section (Fig. 1)

FIG. 1.

'I°C1/-

FIG. 2.
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_ a e y o m.

apparently giving a convincing picture in favrour of Koellikser's
theory. (Compare Fig. 2, section through model in wax after
Born of the same embryo, section ,8).
A higher magnificat-ion of the section of Fig. 1 (human embryo

of 26 mm.) sliows, however, in this well preserved embryo, that
,cornea and pupillary membrane already are in a high stage of
development (Fig. 4,8). This different structure of cornea and
pupillary membrane is not visible in the majority of the embryos,
and so the theory arose of a cleft in still undifferentiated post-
epithelial mesoderm.-

In section (Fia. 3) going through the centre of the' cornea,
compare Fig. 2, section a where only a small part of the optic cup
is seen. 'Here we find that the cornea is remarkably thin, consist-
inog of an epitl-ielium and an endothelium witli only a thin lay&r
of stroma-cells between them. But liere, apparently, we find no
trace of a pupillary membrane before the anterior pole of the lens,
and so it is evident that the pupillary membrane in this embryo is
not yet complete over the centre. This makes it very probable
that Seefelder was riglit when he 'described in 1911 that first the
cornea appears, whiile the pupillary membrane is seen a little later
only.
The problem, wh1ether stroma 'and endothelium are differentiated

from one matrix or not I could study in a slightly younger embryo
(hum-an embryo of 22 mm.). I was glad to find that indeed over
the centre, the cornea apparently con.sisted of two very distinct
layers: an epithelium and an endothelium, while at the periphery
the stroma-cells were sandwiched between these two layers. This
se-emed to be a confirmation of Seefelder's theory (as stroma and
endothelial cells sseemed to be independent from one another),
though by no m-eans a proof, as it still remained possibl-e that the
so-called "endothelium" was nothing but the matrix for the
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definite endothelium and the stroma-cells as well. Moreover, to
increase the difficulties in this younger embryo, behind the cornea,
even in the centre, was seen something very much like a damaged
pupillary membrane.
Thus the human material was insufficient on which to come to a

definite conclusion, but this only made the problem more interest-
ing as it had been amply sufficient to render Koelliker's classic
theory at least very doubtful.
The next step w-as the study of the mammals, and fortunately I

had a vast and unusually well preserved material at my disposal.
Plate 5 is a section of an embryo of Roussetus (cat). The space

between lens, margin of optic cup and epithelium (surface ecto-
derm) is filled with a delicate fibrillar network, the anterior vitreous
body, continuous with the posterior vitreous body by the isthmus.

FIG. 5.-Embryo of Rouissetuts.

The existence of an anterior vitreous body, that seemed doubtful
in the human material, was proved here with- an absolute certainty,
and Dejean is certainly wrong in denving its existence. At the
same time, however, I mUst point to the fact that this delicate tissue
was found so distinct only in one series among the many I studied
in this group. Ak few mesodermic cells have already grown in
behind the epithelium, but practically no nuclei are seen in the
anterior vitreous body.
The best series for later stages was furnished by the Tarsius

material (lemur, h-alf-ape); some of them are described in the
"Normentafeln of IKeibel and MNIall." WRre find (Fig. 6) that very
soon (tarsius embryo of 10 mm.) the layer of mesodermic cells
behind the epithelium becomes complete over the centre as well;
this is the endothelium of Descemet's membrane, as later stages
show. In the centre of the future cornea this layer is situated
directly posterior to the epithelium. L,aterally, however, it bends
away from the epithelium, leaving an "open corner" between
both layers in wlhich minute fibrils can be traced. Laterally this
"open corner" is fenced off by mlesodermic cells. These are lying
further apart and stain less darkly than the endothelial cells. They
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ENDOTHELIUMI OF DESCEMET'S MEMBRANE

are lying, close to the epithelium. as well as to the mesodermic cells
surrounding the bulbus, so that there is not the least sign of
shrinking here. This makes it very probable that the "open
corner" is not due to shrinking; moreover, it is found in the same
way in different embryos, and the description of older stages will
slhow that it plays its role in the mechanism of the development
of the cornea.

In considering the photography of the "open corner" one is
struck by the curious fact that the endothelium is marked off ante-
riorly so perfectly sharply that its limits at the side of the
endothelium are as definitely lined out as they are at the side of

FIG. 6--Tarsius, 10 mm. embryo.

the epitlheliunm. In some,w\hat older series a highier magnifica-
tion shows, however, that the regularity of the anterior border of
the endothelium is not surprising as the endothelium appears to
be limited anteriorly by a very distinct m-embrane very much like
the basal miembrane of an epithelitum (tarsius embryo 13 mm.)
But also at the side of the lens and the optic cup the post-epithe-

lial layer of mesodermic cells, which I called a little rashly endo-
thelium, is marked off sharply as the anterior from the posterior
part of praelenticular mesoderm. This posterior part is a fibrihlar
network, rather coarse in comparison with the numerous min,ute
fibrils of the anterior vitreous I described in a younger stage.
However, this fibrillar tissue (Fig. 6) must be a derivate from this
anterior vitreous (Fig. 5). The beautiful studies of v. Szily about
the embryonal connective tissue allow us to understand what has
happened here. At its first ap;pear-ance the anterior vitreous
und,oubtedly is of ectodermal origin. It originates fro-m basal
cones of the epith-elium of the lens, of the margin of the optic cup
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and of the surface ectoderm. At the same time, or a little later, as
the endothelial cells grow in behind the epithelium (surface ecto-
derm) as a compact layer, other mesodermnic cells, though in a
moderate numtnber, invade the anterior vitreous, taking over the
nourishment of its fibres. Under its influence the anterior
vitreous changes its original aspect, the fibres becoming
mucl-h thicker. To Virchow, living in the area of the
doctrine of the absoluite specificity of the ermn-layers, such an
explanation would have been unacceptable. However, not only
v. Szily's investigations, but also those of a great many other
competent authors showed that the validity of this doctrine is not
absolute. TIhis is generally accepted nowadays.
The loose postendothelial fibrillar ticsue is very vulnerable, and

it easily shrinks together. So in photograph 6 it is detached
from the surface of the lens and the space between it and the lens
seen here is undoubtedly due to shrinking. If it loses its connec-
tion with the endothelium as well, it shrinks together as is seen in
nearly every human embryo. This is also the case in the second
human embryo I mentioned. \WTithout a knowledge of the
developrnent in Tarsius, though unwillingly, we had to take this
remainder for a damaged pupillary membrane, but without any
doubt it is the greatly retracted fibrillar postendothelial tissue.
Herewith is explained at the same time why Keibel and Lindahl
insist so much on the existence of an anterior chamber in these
very early stages, as it is clear that, being a result of the shrink-
ing of this delicate fibrillar postendothelial tissue, such an arti-
ficial "anterior chamber" is found with the greatest regularity.
Thus we are safe in concluding that in very young stages there is
ntot yet an anterior chamber of the eye.
With the development of the endothelium the anterior boundary

of the future anterior chamber of the eye is completed. Now we
have to see if there are any traces of the posterior boundary, the
pupillary membrane. And indeed, in the embryo of Fig. 7 (Tar-
sius embryo of 13 mm.) we see laterally a distinct membranous
pupillary membrane. Most of the cells lying on its anterior sur-
face (apparently directly on the lens epithelium) are torn out of
the endothelium, as other sections prove. Indeed, in this stage
of,development, only a few mesodermic cells have grown in on
the anterior (distal) surface of the pupillary membrane, and at its
periphery only, it being still membranous over the centre-. In
this stage there is a slit-like fissure between the basal membrane
of the epithelium and the membrane limiting the endothelium
anteriorly. This latter membrane is now very distinct. In most
places, of course, it is seen in sectional view here and there, after
twisting 90 degrees in front view, however, so that there can be no
doubt as to its being a real membrane. This membrane absolutely
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ENDOTHELIUMI OF DESCEMET'S MEMBRANE4

shuts off the endothelium from the fissure anterior to it. In this
fissure between the two membranes minute fibres can be
traced. The thickness of the layer sandwiched between t4e
two membranes increases as the posterior membrane bends
away from the basal membrane of the epithelium forming the "open
corner," and here the very delicate structure of this inter-mem-
br,nous tissue becomes more obvious. However, in this stage only
the apex of the "open corner" is filled with it. The cells I described

FIG. 7.-Tarsius embryo of 13 mm.

before, forming its lateral wall in younger stages, have invaded
the "open corner" and filled it up, except at its apex, w-itlh oblong
or long stretched nuclei. These stain less darkly and are lying
further apart than the endothelial cells. In their internuclear sub-
stance thick fibrils appear chiefly parallel to the epithelium.
Obviously these are the cells afterwards forming the stroma of the
cornea. And indeed the arrangement in slightly older embryos
is as follows (comp. Fig. 4). Behind the epithelium is seen a dis-
tinct basal membrane, then follows a thick layer of loose connec-
tive tissue, nuclei and fibres arranged parallel with the epithelium:
the stroma; then again a distinct membrane and then the endothe-
lium. The basal membrane of the endothelium cannot be traced
in still later stages so that I believe this is not Descemet's mem-
brane, this membrane being a product of the endothelium and only
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seen later. The basal membrane of the epithelium is distinct in
older embryos as well, so that I believe it is Bowman's membrane
itself.
Thus it is proved that the first mesodermic elementt of the cornea

is the endothelium of Descemet's membrane, and that this endo-
thelium is absolutely independent of the corneal stroma cells.
The only embryological argument to speak of an endothelium

must be abandoned; on the contrary, the independent and very
early development, and the striking epithelial aspect, especially in
the young stages of embryonic life, forces Us to consider these
cells as a mesodermal epithelium as Ranvier and Virchow
previously did on the histological features of the adult cells.
The loose mesodermic tissue behind the endothelium atrophies

rapidly in older stages and verv soon the developed pupillary
membrane lies closely to the epithelium. The walls of the anterior
chamber are formed, the anterior chamber, however, between
endothelium and lens is virtual as W(olfrum and Seefelder
described in mnan. The space in Fig. 7 is undoubtedly due to
shrinking between endothelium and lens. Herewith we arrived at
a period of development where as far as I know the different
authors agree, and it is superfluous to study older stages.
As the reader will have realised already, the studs of the Tarsiis

material has fully explained the difficulties met with in man, the
photographs speaking for themselves. The membranes allowing
a definite decision are seen in a few of the very best Tarsitis series
only, and consequently are seldom visible in man. It is evident
that the development in T'arsius is exactly the same as it is in
man.

I then studied other mammalia, sheep, horse, pig, rat, mouse,
rabbit, etc., the usual objects for embryological studies, the
material that gave birth to Koelliker's theory and that induced
Seefelder to postulate the supposition of the isolated position of
man. I shall discuss these series later and describe my investiga-
tions on the birds next, a quite different group of animals in its
general features. Thus, e.g., the pupillary metmibrane here seems
to be missing .
The birds have a great historical value for our problem, as to my

astonishment the principle of the development of the anterior
cliamber of the eve as seen in nman and 7arsiuts, was described
already in birds in 1877 by Kessler(3". I shall quote here his
original description, as his publication is rather difficult to obtain:
"An der lnnenflache des Hornblattes (Epithelium) erscheint eine
schmale strujcturlose Schicht. Kaum hat diese die Dicke des
fHornblattes erreicht-etwa um die Mlitte des 5en T'ages, so dragen
sich die KoDfplatten (Mesoderm) zwischen den peripherischen
Teil der Anlage der Cornea und der iiusseren Lamelle der secun-
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ENDOTHELIUM OF DESCEMET' S MEMBRANE4

daren Augenblase hindurch, bis an die vordere Augenkammer.
Von hier atis kriecht dann eine von Vornherein eintache Zellen-
schicht an der Innenflache der Anlage der Cornea propria, concen-
trisch vorriickend gegen den Mlittelpunkt dieser Flache hin. Am
6en Tlage treffen die Zellen von allen Seiten hier in demselben
zusainmen und damit ist das innere Epithel der Cornea (Endothe-
lium) fertig hergestellt. Von dem ilusseren Teil der Kopfplatten
aus beginnt so bald die Bildung des inneren Epithels vollendet ist,
eine Einwanderuno- von Zellen in die strukturlose Schicht."

Kessler tried to give his theory a more general signification, as
Lindahl tried to do later, but did not succeed, and it was plainly
rejected by Nussbaum in the Ganefe-Saeemisch Handbuch. Nuss-
baum certainly did not study birds himself. If he had done so
he would have added that in birds indeed the endothelium origi-
nates very early, as Angelucci and Hertwig admit. Indeed
Kessler's theory in birds has found the most complete confirmation
by Knape(2), Lindahl, Slonaker, Lagueusse. Of these interesting
studies I shall only discuss Knape's here.

In an embryo of chicken, 21-3 days old, Knape gives a detailed
description of the anterior vitreous, which is very well developed
here. In this delicate fibrillar network appears a membrane
parallel to the epihelium, that Knape calls a "Richtungshaut-
chen." As he observed in later stages posterior to this membrane
the endothelial cells grow in, the membrane obviouslv directing
the course of the cells. This "Richtungshautchen" (directing
membrane) undoubtedly must be homologous with the prae-endo-
thelial membrane we found in Tarsius. In Tarsius there is a slit-
like fissure between this membrane and the basal membrane of
the epithelium. I remarked tlhat this was probably caused by the
development of a delicate tissue sandwiched between the prae-
endothelial membrane and the basal membrane of the epithelium.
In birds this tissue evidently reaches a high degree of develop-
ment, so that finallv in later stages it beconmes as thick as the
epithelium, only then thle stroma cells grow in in this tissue as
describedI in Tarsivs.

After Knaipe this tissue is still a part of the anterior vitreous, its
fibres originating from the basal cones of the epithelium cells,
after other authors it would be homologous with the corium of the
skin; it would take too far to discuss this detail here. This tissue
is mentioned by Kessler already as the "hyaline layer."
Knape's description of a "Richtungshiutchen" has not been

confirmed up till now, and in studying mv material the reason was
easy to find. The demonstration of this membrane was very diffi-
cult, it merely seems to be the posterior border of the "hyaline
la}yer," and not an independent membrane. However, I must
confirm Knape's view, as in many Y-oung, series I have seen this
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membrane, insuifficiently definite, however, to make a good photo-
graph. Knape's investigations induced me to view this problem
in quite a different way. They opened a perspective that Knape
obviously did not realise. If the "Richtung,shdutchen," differen-
tiated in the anterior vitreous, and really is primary to the endo-
thelium and a derivate from the ectoderm, this would mean that
the principle of the construction of the anterior part of the eye is
given by the ectoderm, the mesoderm being only of secondary
importance, a most fascinating conception fully in accordance with
general recent experimental embryological results.

After Knape the anterior border of the iris is indicated at its
first appearance by a thin lamella in the anterior vitreous and I
can fully confirm his observations. Like this author, I find this
membrane continuous over the surface of the lens, and consider
it as homologous with the pupillary membrane in mammals. Thus
it is very probable that the membrane preceding the cellular pupil-
lary membrane in 7Tarsius is also of ectoderinal origin. Seefelder
founfd this membrane in man and also believes it is of ectodermal
origin.
So we find that the principle of the development of the eye in

birds is exactly the same as it is in mann.
Thie next step was the study of the Amphibians.
Knape described, in the capaciou.s space between lens and ecto-

derm of a young embryo of Rana temporaria, an anterior vitreous,
which, contrary to other species, shows only few fibres. In this
tissue there appears a lamella in front of the lens. A week later
the endothelium grows in behind this lamella (Richtungshaut-
chen) and already forms a compact layer at the time that only a
few stroma-cells grew in, also exactly the same mode of develop-
ment as described in other groups. This, however, is not abso-
lutely right. Here indeed, in a very young embryo I could find
the development of a "Richtungshaiutchen" w-ith convincing dis-
tinctness, the endothelial-cells however grrowing in very early, and
not as a compact layer.

In a slightly older stage the optic cup is fenced off anteriorly by
a rather thick membrane. At its posterior surface the endothelial
cells now are very flat. Between this membrane and the epithe-
lium there is an uncommonly wide space with little or no structure.
In later stages the membrane gets thicker, and cells can be traced
on its anterior surface as well. There persists, however, a wide
space between it and the epithelium. Here we have reached the
stage where Giesbrecht begins his complete and detailed report of
the developm-lent of the eye in An'zira, induiced by Wachs' and
Harms' discovery, who for the first time described in these tad-
poles freely movable eyes tunder a transparenit "Brille." Only
the recent experimental-embrvological work brought this fact to
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light, that our modern histological methods had been unable to
detect. Thus the wide space between eye and 'Brille" is not a
result of shrinking as former authors believed (Fig. 8) (embryo of
Bombinator, L23.

Giesbrecht(l) describes the further development in Anura as
follows: Afterwards there is a distinct inner endothelium, the
membrane has thickened and now is called "tunica propria sklero-
tica, Sklerallamelle" with an outer "endothelium" the latter two
chiefly consisting of fibrillar tissue. The "Brille" consists of an
epithelium, a "tunica propria cutanea," continuous with the basal-

FIG. 8. Bombinator embyro.

membrane of the epithelium of the skin and an inner "endothe-
lium." Even ini older embryos this tunica propria cutanea
contains only a few cells, but has much increased in thickness; the
same is the case with the tunica propria sklerotica. The fissure
between "Brille" and "Sklerallamelle" is first filled up with fluid,
allowing free movenments of the embrvonal eye; afterwards, in
metamorphosis, subcutaneous and orbital connective tissue cells
grow between "Brille" and eye, so that the solid adult cornea is
formed, thus making the eye immovable.

If possible, this peculiar mechanism of development of the adult
amphibian eye emphasizes still more the close relation of the endo-
thelium and its basal membrane ("Richtungshiiutchen") with the
optic cup. One might say this is the eye-unit, primitive eye; the
mechanism of transformation of the skin before the eye is, though
very important, a secondary process, not directly asssociated with
the construction of the eye as an organ of sense, only allowing the
communication of this organ with the outer world. It is clear that
I cannot agree with Seefelder, who supposes that there should be
a difference in principle between the development of the eye in man
and in Amphibians.

Another problem can be discussed much better here, than
directly after the description of the human and the Tcarsius
material: Seefelder supposes that the old theory of a choroidal,
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scleral, and subcutaneous part of the cornea should be abandoned,
this latter being exclusively lhomologous with the subcutis.
Indeed, as I pointed out before, the first stroma cells growing in
wedgewise between the two membranes in the "open corner" in
Tarsius very probably are cells homologous with subcutaneous
cells. In a slightly older stage, however, the posterior layers of
the cornea show a very distinct continuity with those of the sclera.
It is difficult to accept the statement that the stroma of the cornea
of claimed subcutaneotus origin slhould gain only secondarily con-
nection with the sclera (Seefelder); moreover, the described
development in Amphibians gives a very strong and convinc-
ing support for the old theory, as the different parts build-

FIG. 9 v

ing up the adult corn-ea before metamorphosis are, so absolutely
separated. 1, believe we had better maintain the conception of a
cornea consisting of a clhorioi'dal, scleral and subcutaneous (event.
orbital) part, but certainly in these young emb~ryos the scleral
part is relatively thin.
One of the principal problems still was insufficiently solved. I

mean the origin of the basal-membrane of the endothelium, the
"Richtungslidutclen." Like Knape, I was convinced, in studying
my material, that it must be a condensation in the anterior vitre-
ous; a clear convincing specimen, however, allowingy a good photo-
graph has not come to hiand. Trhis is no wonder as a cell-free well-
developed membrane is seen in a very limited period of life only,
in an extraordinarily well preserved embryo, with some good luck
in the staining. Thus I d-ecided to study a series of fish as well.
Lauber and Froriep deny the exist-ence of an endotheliur, here, and
in a great many series of old-er embryos it was difficult to judge
even if there were any nuclei between the thick lamella forming the
cornea. Petromnyzon, one of the lowes't representatives of the class
of th-e vertebrates, showed an arrangement very much like that in
amph-ibians. The "tuinica propria cutanea," however, is very
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thick, the "sklerallamelle" extremely thin and covered on botlh
sides with a continuous layer of flat cells. There, where this
"sklerallamelle" was twisted, one could see the polygonal endothe-
lial cells very distinctly. The posterior surface of the "tunica
propria cutanea" is covered with a very well developed endothe-
lium. This "sklerallamelle" is so very thin, that perhaps the name
"Richtungshautchen" would be better. The conception, eye-unit
(primitive eye) is very evident again, the endothelium, however,
seems to be of less importance here than it is in higher forms. I
got the same impression in amphibians where the endothelium is
by no means so iinpressive as it is in birds, tarsius, and man
in these young stages. The most important specimen that came
to hand in this group was an embryo of torpedo occelata, whilch
showed such a beautifully developed "Richtungshiiutchen," that I
am able to give a reproduction of it (Fig. 10). There is very little

FIG. 10.-Torpedo occelata

shrinking in this embryo, only here and there the anterior vitreous
has lost its connection with the epithelium. It is coloured very-
well and comipletely fills up the space between epithelium at one
side, and lens and margin of the optic cup at the other side, it
extends even over some distance lateral to the margin of the optic
cup. It is still in direct and absolute continuity with the posterior
vitreous, the structure of both being absolutely the same. Fortu-
nately no mesoderm cells had invaded this aniterior vitreous bodyl,
so that it undoubtedly must. b-e consid-ered as an ectodermal tissue.
In this anterior vitre-ous is seen an uncommonly distinct membrane.
as the photograph shows: the "Richt,ungshautchen" of Knape,
which I should like to call cornea primitiva. Thus at a very early,
m-oment in th-e development the anterior limit of the a.nterior
chamber is already clearly fenced off by this ectodermal cornea
primitiva. This is the solution of the problem of the mysteriou-s
power that forced the endothelial cells to grow in apparently a
preformed pathi in tarstus. It is the explanation of the almost
improbable fact that an "o'pen corner" could app-ear surrounded.
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by cells obviously growing so very quickly- in the space be-
tween epithelium and lens. Undoubtedly in the very minute net-
work of the anterior vitreous lhere as w%\ell a cornea primitiva was
pre-existent to lead the mesodermic cells to their proper destina-
tion. I could only demonstrate a "RichtungshiLtitclhen" in tarsius
in a stage where the endothelial cells had -already reached the centre
of the cornea. From this point of view an ectodermal cornea primi-
tiva in tarsius is a purely hypothetical structure. If I say, that it
is pre-existent here also, I mean that probably a better technique
and specimen would show a cornea primitiva here as well, still,
undoubtedly the directing power is present. And as thie
study of the anatomical cornea primitiva in lower vertebrates made
its ectodermal nature most probable, this directing power must
be of ectodermal nature as well. 'T'here we are in harmony
with modern views developed by a young branch of science,
experimental embryology. Of this recently a report is given by
Petersen, who expresses it as follows: T'he mesoderm is made sub-
servient to the ectoderm ("Das Ectoderm zwingt das AIesoderm in
seinem Dienst"). I cannot close this study before describing
in a few words the development in marsupial animals, low
representatives of the class of the mammals. To my astonish-
ment the situation here was very much like that in birds.
Posterior to the epithelium was a well developed "hyaline
layer" of Kessler, consisting of rather coarse lamellae, abso-
lutely free from mesodermic cells in the younger stages. Pos-
terior to this layer an endothelium consisting of large, nearly
cubical cells was seen, and between endothelium and lens a mem-
branous pupillary membrane. In a rather older enmbryo the pupil-
lary membrane was vascularised and cellular at the periphery,
still, however, membranous and cell-free over the centre, while the
cornea was already very thick. It is also very probable that the
pupillary membrane in marsuipial animals becomes only vascu-
larised and cellular in the periplhery, and not in its entire extent,
as is the case in other (higher) mammalia. Over the centre it
remains membranous as it does over its entire extent in birds.
The last thing I intend to discuss here is the development in

Rodentia, etc., the usual objects for research, and to explain
further why Koelliker's theory was born, and why it was confirmed
so many times. In the first place the anterior vitreous is poorly
developed. -Then almost simultaneously endothelial and stroma
cells enter the praelenticular space in a very young stage and
there is hardly any difference between endotheliuim and stroma-cells
Moreover, the loose postendothelial tissue herc contains many
cells. Membranes are difficuilt or not traceable. In a somewhat
older stage there is a well developed pupillary membrane closely
adapted to the endothelium. So, with only a few exceptions, we
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find before the lens a number of mesodermic cells, apparently lack-
ing any sign of a differentiation or any arrangement whlatever.
There often appears an artificial fissure between endothelium and
postendothel ial mesoderm or between pupillary membrane and
cornea: the "anterior chamber" of Koelliker. As, however, I
hope to lhave shown thtat one great principle governs the building
up of the anterior part of the eye in vertebrates, I believe I may
conclude that the same principle reigns hiere also, the more so as
the difficulties met with are so easilv explained.

I know I -have been incomplete, and have not discussed some
important problems, as, e.g., the nature of Kessler's hyaline layer,
the younger stages in man when a postendothelial loose tissue also
is seen, nor have I dealt with the Reptilia. I hope to fill out these
lacunae in a detailed description of the individual enmbryos I studied
with a complete review of the literature in a future more extensive
study,.

Conclusions

1. The same principle governs the building up of the anterior
segment of the eye in the whole group of the vertebrates.

2. This anterior segment of the eye is outlined at its first
appearance by the ectoderm; the general scheme more or less modi-
fied in the different species is as follows:

(a) Cornea: In the anterior vitreous a membrane is formed:
the cornea primitiva, posterior to which the endothelium
grows in as the first mesodermal element of the future cornea,
then the stromna-cells groxv in wedgewise between cornea
primitiva and epithelium.

(b) Pupillary membrane: In the anterior vitreous an ecto-
dermal membranous cell-free pupillary-membrane is formed,
in mammals this membrane secondarily becomes cellular and
vascularised.

(c) Anterior chamber: The space between a and b is first
filled up witil the anterior vitreous or its substitute; only by
its atrophy the (real or virtual) anterior chamber is formed.

8. 'rhe endothelium of Descemet's membrane is a mesodermal
epithel ium.
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