Q_e"‘NQ

;f Kobe University Repository : Kernel

R
S
4oge

PDF issue: 2025-09-03

Histological Analysis of the Development of
Scleral Ossicles in Chick Embryo

Kannan, Yasuyuki
Kato, Seishiro

(Citation)
MR RKFEFEMERRE, 21(2):93-100

(Issue Date)
1995-01-30

(Resource Type)
departmental bulletin paper

(Version)
Version of Record

(JaLCDOI)
https://doi.org/10.24546/00178050

(URL)
https://hdl. handle. net/20.500. 14094/00178050

KOBE

\j].\]\'l:lihl'[ Y
J

%)



PRRAFH (Sci. Rept. Fac. Agr. Kobe Univ,) 21:93 - 100 , 1995

Histological Analysis of the Development of
Scleral Ossicles in Chick Embryo

Yasuyuki KANNAN" and Seishiro KaTo™
(Received for publication on August 10, 1994)

Abstract

The morphogenesis of conjunctival papillae, the early development of scleral ossicles,
and the condensation of mesenchymal cells located subjacent to the papillae were investigated
in tissues from the eye walls of chick embryos at HAMBURGER and HAMILTON (H.H.) stages 28
to 38. Early papillae were found as flat thickenings of the conjunctival epithelium at H.H.
stage 30. By H.H. stage 32, the central region of each thickening formed a slight bulge above
the general level of the conjunctiva and projected steeply downward into the mesenchyme
where a slight cellular condensation beneath each papilla was noted. The papillae then began
to degenerate from the interior of the downward projection. Simultaneously, mesenchymal
condensation started to migrate downward and flatten out, and collagen fibers appeared.
These fibers extended from the basal surface of the papilla among mesenchymal cells. Scleral
ossicle primordia could be seen at H.H. stage 35. The cells of the flattened mesenchymal
condensation started to transform into osteoblasts and the collagen fibrils of future scleral
ossicles appeared among them. Later during H.H. stages 37 to 38, when the papillae were
either absent or in the final stage of degeneration, the earliest calcification of scleral ossicles
was apparent. Quantitative examination of mesenchymal condensation showed cellular density
to be significantly higher beneath the papillae than in tissues between papillae in H.H. stage
31 to 35 embryos. The condensation disappeared with the degeneration of papillae. The roles
of conjunctival papillae, mesenchymal condensation and primordia in the development of scleral

ossicles are discussed.
Introduction

The eyes of all birds contain a ring of overlap-
ping plates of membrane bones known as scleral
ossicles encircling the margin of the cornea®. The
primordium of each scleral ossicle arises as a
condensation of mesenchymal cells of neural crest
origin subjacent to transient thickening of conjunc-
tival epithelium designated as conjunctival papilla!2417,
In chick embryos, 14 papillae arise in an orderly
sequence starting at HAMBURGER and HamiLTon!® (H.H.)
stage 30 (6.5 days of incubation) in each eye directly
overlying future sites of the 14 scleral ossicles. Each
of these papillae is thus thought to have an
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inductive role in scleral ossicle formation#8111516 The
first papillae appear over the ciliary arteries and later
papillae form about these until the ring of papillae
is complete at H.H. stage 33 (8 days of incubation)'?.
Each papilla undergoes complex morphogenesis which
MurraY'® has divided into six stages. During
papilla morphogenesis, localized areas of high cell
density, cellular condensations, develop in the scleral
mesenchyme subjacent to the papillae. HALE? exam-
ined the distribution of mitotic figures in the perilimbic
region of the sclera in only four chick embryos roughly
staged at 7, 8 9 and 10 days of incubation and
attributed the origin of the condensations beneath
each of the papillae to regional differences in
mitotic activity in the mesenchyme. Mesenchymal
condensation preceding intramembranous osteogen-
esis has been given only little attention.
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This study was conducted to-clarify the devel-
opment and fate of papillae, the early development
of scleral ossicles, and the mesenchymal cdndensa-
tion at various stages of papilla development.

Materials and Methods

Fertile eggs of White Leghorn chicken were
incubated in a forced-draft incubator at 37.6C and
55% relative humidity from 5.5 to 12 days to obtain
embryos at H.H. stages 28 to 38.

As a check on the stages of papilla development
described by Murray', blocks of the eye wall
including the papillae and underlying mesenchyme
were fixed in 10% neutral buffered formalin. They
were then dehydrated in a graded series of ethanols,
cleared and embedded in paraffin. Serial sections were
cut at 6 um with the plane of the section
perpendicular to the front of the eye and in line with
the three papillae. The sections were mounted on
glass slides, and stained with hematoxylin and eosin
or with Azan stain.

For quantitative examination, only the section
through the center of the papilla number 12,
overlying the temporal long ciliary artery, was used
in each specimen. Papilla number 12 was chosen to
reduce variation in the tissue used, since each
papilla and ossicle develop on their own time
scales?. The number of mesenchymal cells was
counted in sections within specified areas using an
ocular reticle as a guide at X 400 magnification. The
area examined in each specimen included the mes-
enchyme extending from the basal surface of papilla
number 12 to the inner fibrous sclera in one dimen-
sion and the tissue between papilla number 12 and
two neighboring papillae in the other dimension.

Results

Histological observation
H.H. stages 28 to 29
No papillae were found in embryos at these stages.
H.H. stage 30

Early stage in the development of papillae was
evident. The earliest papilla was a flat thickening of
the epidermis in which periderm cells appeared
unchanged while the basal layer was two or three
nuclei deep, the whole being about twice the thick-
ness of the unaltered epidermis (Fig. 1).

H.H. stages 31 to 32

Differentiation between central and peripheral
regions of each thickening was apparent. The cen-
tral region began to bulge downward into the
mesenchyme, and upward above the general level
of the conjunctiva (Fig. 2). The thickness of each
papilla was greatest at the center. During these stages,
mesenchyme underlying papillae began to show
definite condensation, the extent being greatest
near the downward projection of the central portion
of the papilla, with gradual thinning noted in all
directions. In more advanced papillae, the downward
projection had increased in size to give rise to a
large conical structure (Fig. 3).

H.H. stages 33 to 34

Mesenchymal condensation beneath papillae was
more conspicuous than in H.H. stage 31 to 32
embryos (Fig. 4). The whole condensation had
essentially the rough form of a thick disc, but later,
it appeared as a thick column extending from the
papilla to the boundary with fibrous sclera. The prin-
cipal observation in these stages was the presence
of fine collagen fibers which stained with aniline
blue. The fibers extended from the basal surface of
the papilla into the area of mesenchymal
condensation. An important change in more advanced
specimens was regression of the downward
projection, accompanied by further increase in the
elevation of the papilla above the general surface of
the conjunctival epithelium.

H.H. stage 35

Following the disappearance of the downward
projection, the surviving portion of the papilla stood
higher above the general surface of the conjunctival
epithelium than at earlier stages (Fig. 5). The papilla
became more elongated and narrow. Large vacuoles
and basophil granules in the cells continued to show
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their degeneration. Numerous collagen fibers ran from
the basal surface of the papilla down through the
mesenchyme, spreading out among the cells. The
mesenchymal condensation began to spread outward,
flattening itself above the fibrous sclera. In the flat-
tened part of the condensation, very delicate blue-
staining collagen fibrils could be seen between mes-
enchymal cells. These were the beginnings of col-
lagen fibrils of future scleral ossicles.
H.H. stage 36

The final regression of papillae began at this
stage. Each papilla had a filiform structure (Fig. 6).
The descending collagen strand itself emerged from
the base of the papilla usually as a single thick fiber
running downward, fraying out into smaller fibers
and fibrils, which continued to diverge and branch
with approach to the bone anlage.

H.H. stage 37

Only three or four papillae were present. A de-
scending collagen strand could clearly be seen in a
few cases, but could not be traced to the bone an-
lage formed in the sclera at a depth of 70-100 um
from the conjunctival surface (Fig. 7). In other cases,
scraps of collagen were embedded in the mesenchyme
at the base of the papillae. Ossicle formation had
advanced, but it was apparently still uncalcified. The

cells of developing osteoid took on the features of
osteoblasts, with increased quantity of their cyto-
plasm and irregularly rounded or polygonal in shape.
H.H. stage 38

The papillae had completely disappeared. The
bones at this stage showed increased thickness and
surface area, and were situated between two layers
of periosteum (Fig. 8). Neighboring bones overlapped
with no periosteum between them. Each bone, which
was calcified, appeared to be a simple plate. The
outer and inner surfaces were thickly covered with
osteoblasts. A few osteocytes could be seen in the
bone matrix.

Cell density in mesenchyme beneath or between con-
Junctival papillae

The data in Table 1 show the density of mesen-
chymal cells counted within specified areas beneath
or between conjunctival papillae in H.H. stage 28 to
38 embryos. Cell density was the same in mesen-
chyme in equivalent areas beneath and between papillae
in H.H. stage 28 to 30 embryos. The specimens from
H.H. stage 31 to 32 embryos were the first to show
higher cell density in mesenchyme beneath the pa-
pillae than between papillae. This was due entirely
to increased cell density beneath the papilla, in that

Table 1. Cell density in mesenchyme beneath or between conjunctival papillae as a function of embryo stage

HH. stage No. of Cell density*

of embryo embryos Beneath papilla Between papillae
28-29 7 162+ 0.7 156 + 0.8
30 8 171 £ 09 168 + 1.0
31-32 10 218+ 06 * 181+ 0.7
33-34 12 248+ 07* 219+ 06
35 10 213+ 09* 236 £ 06
36 6 235+12 22+07
37 9 187+ 13 176 £ 10
38 7 158 + 0.8 154 £ 07

Results are means + SEM.

*Expressed as the number of mesenchymal cells per 1000 g nf .

*Values are significantly different from those between papillae at the same stage (P<0.01).
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cell density between papillae remained essentially
unchanged compared to that seen between papillae
in HH. stage 30 embryos. With embryo stage
advancement, cell density increased in mesenchyme
beneath and between papillae. In H.H. stage 31
to 35 embryos, increase in cell density was more
marked in condensation beneath papillae than
between papillae. Maximal cell density was observed
in specimens from H.H. stage 35 embryos. When the
embryos reached H.H. stage 36, cell density in both
areas had decreased below that observed at H.H.
stage 35. Later, mesenchymal cell density beneath
and between papillae was not significantly different
from each other.

Discussion

Examination of conjunctival papillae in this study
confirmed the adequacy of MURRAY's staging (M stages
1-6)"» and demonstrated the morphogenesis and growth
of papillae. The elongation of papillae, followed by

basal constriction, cell degeneration, and ultimate
loss of the entire structure, is a very elaborate
means of removing a structure that has fulfilled
its morphogenetic role. Pucukov'® has proposed
that cell migration is vitally essential to papilla for-
mation. Certainly, the surface area occupied by the
base of a papilla decreases rapidly at earlier stages.
At later stages, loss of the downward projection and
elongation of papilla contribute to the morphogen-
esis and growth of papillae. The precise role of a
papilla in the initiation of scleral ossicles remains
obscure. MURRAY'® observed fibers of material which
he called "descending collagen strands" originating
at the basal surface of the papilla as early as H.H.
stage 31. In his study of various developmental stages
of papillae, he noted fibers to descend internally
from the papilla, through the column of condensed
cells orientated vertically among the fibers, to the
anlage of the scleral ossicle where they fanned out
to become continuous with newly formed osteoids.
Collagen strands extending from papillae to

Explanation of Figures

Photomicrographs in all figures are taken at X 200. Figures 1, 3 and 5-8 show photomicrographs of sections

stained with hematoxylin and eosin, and figures 2 and 4 with Azan stain.
Fig. 1. A conjunctival papilla from an H.H. stage 30 embryo. This papilla in the earliest stage of development is
a placode surrounded by unthickened conjunctival epithelium. No condensation of mesenchyme can be

seen at this stage.
Fig. 2.

A conjunctival papilla from an H.H. stage 31 embryo. The papilla shows early formation of the downward

projection. There is diffuse condensation in the mesenchyme beneath the papilla.

Fig. 3.

Fig.

Fig.

Fig.
Fig.

Fig.

4.

5.

6.

7.

8.

A conjunctival papilla from an H.H. stage 32 embryo. The papilla has a cone-shaped downward projection
into mesenchyme and exhibits an upward projection on the conjunctival surface. Mesenchymal conden-
sation in the tissue beneath the papilla is evident.

A conjunctival papilla from an H.H. stage 34 embryo. The downward projection of the papilla has
maximally developed. Condensation of mesenchymal cells is densest close to the downward projection of
the papilla. Slender collagen fibers from the downward projection run among mesenchymal cells.

A conjunctival papilla from an HH. stage 35 embryo. The downward projection of the papilla has
disappeared. There is extensive degeneration in the central mass of cells in the papilla, with the formation
of vacuoles.’

A conjunctival papilla from an H.H. stage 36 embryo. The papilla has degenerated to a filiform projection.
There is no longer condensation of mesenchymal cells beneath the papilla.

An anlage of the scleral ossicle from an H.H. stage 37 embryo. A platelike condensation of cells presages
the development of membrane bone deep in the mesenchyme beneath the thin filiform papilla.

A scleral ossicle from an H.H. stage 38 embryo. Developing bone shows increased thickness and is covered
with numerous osteoblasts on both surfaces.
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underlying mesenchyme may possibly be essential
to the initiation of ossicle formation. Although
experimental evidence is currently lacking, a
plausible mechanism may be derived from available
morphological evidence. Since collagen strands are
specifically localized beneath papillae and
absent from mesenchyme between papillae, and
growth of these strands continues inward from the
epithelium, papillae may direct in some manner the
polymerization of collagen. At later stages, when
collagen strands extend from papillae to the
mesenchyme, mesenchymal cells are oriented
parallel to the axes of strands along their entire
length. If collagen strands beneath papillae direct
mesenchymal migration to the pre-ossicular plate,
papillae may at least be responsible for localizing the
bone anlagen. Factors responsible for ossification in
these regions are unknown, but would not arise
in papillae, since these structures are seperated
considerably, and papillae are already undergoing
disruption at the time of pre-ossicular plate forma-
tion.

The present data show that mesenchyme has
a uniform cell density beneath and between papillae
in HH. stage 28 to 30 embryos. Mesenchymal
condensation could be detected in fibrous sclera
subjacent to papillae at HH. stages 31 to 32. In
histological sections from H.H. stage 33 to 34
embryos, this condensation appeared as a thick
column of tightly packed, predominantly vertically
orientated cells extending from the basal surface of
the papilla to fibrous sclera. At HH. stage 35, a column
of vertically orientated cells extending internally from
the papilla to the fibrous sclera could still be seen.
Within this column, a flat condensation just above
and parallel to the fibrous sclera, the anlage of the
scleral ossicle, was seen. Osteogenesis commenced
at HH. stage 37 just as the papillae went through
their final degenerative stage and as the column
of vertically orientated cells between the papilla
and the ossicular bed disappeared. HALL? suggested
that the development of skeletal derivatives of
condensations depends on a threshold number of

mesenchymal cells accumulated in the conden-
sation. The role of collagen fibers in pre-ossicular
condensation formation may either be to promote
mitosis or migration so that a sufficient number
of cells for osteogenesis accumulates. Various
studies demonstrate regional differences in mitosis
associated with the development of mesenchymal
condensation beneath papillae. Condensing
mesenchyme, corresponding to the area of collagen
fiber accumulation beneath papillae, has a signifi-
cantly higher mitotic index than mesenchyme
overlain by unthickened epithelium6’7’19). The mitotic
index peaks in mesenchyme in contact with the basal
surface of a papilla when collagen fibers appear most
prominent in the same area. Fyrk and Har” showed
that there was a halo of diving cells about the newly
formed plate of osteoid while proliferation ceased
in the bone anlagen. Experimental evidence for
migration as a mechanism for the accumulation of
cells in condensation in ossicular beds is lacking.
Stromal fibroblasts have a predominantly horizontal
orientation between papillae, while mesenchymal cells
directly beneath each papilla are orientated
vertically at HH. stages 35 and 36"
be evidence of internally directed mesenchymal cell

. This may

migration along or between descending collagen strands.
Additional evidence for internal migration may
be the dispersal of necrotic debris from the basal
surface of a degenerating papilla to the depth of
the ossicular bed along the length of descending
collagen strands . Particle movement may
possibly be due to displacement by migrating cells”.
Thus, tissue beneath papilla may promote cell
migration in a way essentially the same as that of
neural crest cell migrationZ'S).

In this study, collagen fibers were noticeably
concentrated beneath papillae at HH. stages 33 to
35 when mesenchymal condensation could clearly
be seen in contact with the basal surface of a
papilla. Collagen fiber localization was most distinct
when mesenchymal condensation was maximal. Papillae
of H.H. stage 35 to 36 embryos had descending
collagen strands extending beneath papillae to the
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ossicular bed. When the ossicular bed was undergo-
ing differentiation into membrane bone, with the
appearance of osteoblasts in developing bone,
collagen strands disappeared and accumulated
delicate collagen fibrils could still be seen beneath
papillae. Thus, change in the distribution of
collagen fibers corresponds very closely with the
time of pre-ossicular condensation. MurraY'®, in
examining histological sections of eyes between 7 to
12 days of incubation, noted fine aniline blue-posi-
tive fibrils confined to the subpapillary region as
descending collagen strands. The strands
extending from the basal surface of a papilla into
the mesenchyme were vertical and stained more
intensely with aniline blue than the predominantly
horizontal fibers in surrounding stroma. COULOMBRE
et al® traced fibers in the same area, which stained
positively with PAS stain. Van pe Kamp® found
numerous banded fibrils with an interval
periodicity of 60 um in channels open to the mesen-
chyme along the basal surface of papillae. Based on
the restricted distribution of aniline blue-positive
collagen fibers beneath papillae, these fibers may
have a role in determining the location of scleral
ossicles.
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