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ABSTRACT
Various ultrastructural and histochemical features
of the developing chick eye between stages 9 to 21 are
described.

Special attention is devoted to the interlayer

which separates the lens ectoderm from the optic vesicle
during the inductive phase of lens development.

By stage

12 the interlayer contains numerous amorphous and fibrous
constituents, all of which are stained by ruthenium red,
colloidal iron and periodic acid - silver methenamine and
are partially digested by pronase and hyaluronidase.

It

is concluded that these structures are probably proteinpolysaccharides, and speculated that they are used in the
elaboration of the adult vitreous body, lens capsule and
cornea.

The view that the interlayer is a non-liquid body

is supported and evidence is presented that the ground
substance of this body has an adhesive quality, but may
not consist of polysaccharides,

'

Intracytoplasmic filamentous bundles which radiate
from junctional complexes are described in cells of the invaginating lens placode, the lens cavity, and the lens
periphery.

Observations concerning protein-polysaccharide

surface coats of cells comprising the ectodermal and optic
yesicular cells are also presented,
• » •

vm

INTRODUCTION
Investigations of the embryogenesis of the verte
brate eye rudiment employing the light microscope have been
numerous and comprehensive {Ten Cate 1956, O'Rahilly and
Meyer 1959, Lopashov and Stroeva 1964, Coulombre 1965).
In addition, the multitude of approaches from experimental
embryology have provided a background for contemporary
analyses at the cellular and molecular levels.

However,

it has been only within the past decade that ultrastructural studies of eye development have been performed,
thereby affording the opportunity of visualizing the
morphological aspects of these phenomena in greater detail.

Embryologists have long been aware of the existence
of interactions between the adjacent and distal counter
parts of tissues and cells and commonly refer to them as
"inductions".

Investigations concerning the induction of
*

the crystalline lens began at the turn of the century
when Spemann (1901) noted that lens formation could be
prevented if the presumptive optic vesicle was destroyed.
This indicated that the optic vesicle must impart to the
overlying presumptive lens ectoderm some determinative
influence,

Lewis (1904) found that contact' between the

optic vesicle and ectoderm appeared necessary for lens

1
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formation and stated that protoplasmic continuity between
the two layers was prerequisite.

Later both Lewis (1907)

and LeCron (1907) believed that the amount of lens develop
ment was directly proportional to the degree of contact.
Alexander (1937) found that between the 10th and
18th somite stages the optic vesicle and overlying ectoderm
of chick embryos were adherent.

However, at about the same

time, Spemann (1938) expressed the opinion that the in
ductive process was non-oriented and that contact between
the two layers was of less importance.

His opinion was

later shared by Holtfreter and Hamburger (1955).

Medawar

(1947) and Brachet (1950) summarized attempts to isolate
chemical mediators which might be transferred from one
tissue to another during inductive processes.

Brachet

(1950) proposed that nucleic acids or their derivatives
might be the evocators in some tissues.
In his studies of lens induction in the chick,
McKeehan (1951) found that the period of adherence between
the optic vesicle and ectoderm was longer than that which
Alexander (1937) had observed and took place between the
9th to 23rd or 26th somite stages.

During this time

mechanical separation attempts in living embryos resulted
in the rupture of the cells themselves rather than their
connections,

Weiss (1950) re-emphasized the necessity of

contact which was first implied by Lewis (1904) /"but

3
described it as a highly specific molecular contact between
the two layers.
Since evidence had been presented that RNA might be
the inductive mediator in other tissues (Brachet 1947,
Spratt 1954), McKeehan (1951, 1956, 1958) began a number
of intricate experiments involving the interpositioning
of foil in an attempt to block the transfer of RNA or some
other chemical mediator from the optic vesicle to the ecto
derm.

In his earlier attempts, McKeehan (1951) found that

lens development could proceed only in the areas of contact
residual to the barrier, but he later concluded (1958)
that inductions of portions of the lens could occur without
any contact.

He also proposed that RNA might be the

mediator which was transferred from the optic vesicle to
the lens ectoderm- (1956).

The increase of RNA in the

optic vesicle and its subsequent increase in the lens
ectoderm have now largely been confirmed (McKeehan 1956,
Hunt 1961), but it is highly speculative that this is a
transfer process, '
One of the first ultrastructural studies of em
bryonic induction was that of Grobstein and Dalton (1957)
in which they showed that kidney tubule induction might
take place without cytoplasmic contact.

In 1960, Ferris

and Bagnara reported that the optic vesicle and lens ecto
derm were never in intimate contact during the induction

of the lens and this was later confirmed by Hunt (1961),
Weiss and Jackson (1961) and Cohen (1961).

Instead there

was a space (Hunt's "interepithelial space" and Weiss and
Jackson's "interlayer") which separated the lens ectoderm
and optic vesicle and was bound on both sides by layers of
intercellular material.

The latter are now commonly re

ferred to as basement membranes or basal laminas (Fawcett
i

1966),
Hunt's paper (1961) dealt mainly with a cytological
description of the optic vesicle and lens ectoderm between
the 13th and 22nd somite stages in the chick and partic
ularly the 16th somite stage.

He found that the "inter

epithelial space" generally ranged from ,9 to 6 p across
and that in addition to basement membranes it also contained
filaments, particles and "PAS-positive interepithelial
clouds".

Weiss and Jackson (1961) were chiefly concerned

with the "interlayer" during the presumed period of inter
action and reported its dimensions as ,08 to ,3 y across.
They also found that the region was PAS-positive and de
scribed it as a firm non-liquid ground substance.

They

noted the presence of filaments similar to those Hunt re
ported, but found a distinct absence of particles with the
exception of small dots corresponding to the crossing points
of two fibers,

Cohen's paper (1961) dealt mainly with the

basement membranes and their relationship to the future
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lens capsule,

Cohen and Weiss and Jackson reported cyto

plasmic vesicles in the optic vesicle and ectodermal cells
which might be involved in a transfer process.
Since these earlier investigations, only two -ultrastructural studies of the developing lens have been re
ported (Byers and Porter 1964, Wrenn and Wessells 1969).
Byers and Porter (1964) described microtubules oriented
parallel to the direction of cell elongation which appear
in the presumptive lens ectoderm following induction in
the chick.

They suggested that the microtubules may be

involved in the cellular elongation or palisading process
itself, or in the intricate cytoplasmic movements associ
ated with the production of other cellular asymmetries in
morphogenesis,

Wrenn and Wessells (1969) presented a model

for murine lens invagination based largely on the appear
ance of long filamentous structures radiating out adjacent
and parallel to the apical surface of invaginating lens
cells at the level of the zonula adhaerens.

The latter

represents a component of the junctional complexes located
at the apical ends of epithelia and epithelial derivatives
(Farquhar and Palade 1963, Fawcett 1966).

Many problems fundamental to a thorough under
standing of the developmental process remain unanswered and
the developing eye rudiment provides a classical, perhaps
ideal, organ on which to base further investigations.

6
Glutaraldehyde, since its introduction as a fixative for
biological ultrastructure (Sabatini, Bensch, and Barnnett
1963), has generally been regarded superior to other methods
for the preservation of cellular detail.

Therefore, the

present study, utilizing glutaraldehyde fixation, was
undertaken to provide a more modern cytological interpreta
tion of the interlayer and certain other aspects of early
eye development.
In recent years, there has been considerable interest
in the cell surface.

One line of investigation has re

vealed that many, if not all, cells possess a coating of
polysaccharide material adjacent to the exterior surface of
the plasma membrane.

From a long and often confusing liter- .

ature, there are now generally recognized two seemingly
distinct types of cellular surface coats (Curtis 1967),
The first is represented by the aforementioned term basal
lamina, which has been rather loosely applied to various
extracellular structures that underlie epithelial cells
*

and appear not to be an integral part of their plasma
membranes.

They are generally described as densely stain-

ing layers which are separated from the underlying plasma
membranes by*a definite gap and pass between or over a
number of cells as in a lamina.
The second type of surface coat covers the entire
outer surface of a cell's plasma membrane and does not form
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a lamina stretching from one cell to another.

Evidence for

its existence is largely circumstantialr for only on occa
sion has a faintly staining layer been seen adorning the
plasma membrane when conventional methods of preparation
for electron microscopy were used (Bennett 1963),

Orig

inally this evidence came from attempts to explain the
electrophoretic and antigenic properties of cells.

How

ever, these surface coats are now being studied with a
variety of new methods for the electron histochemical
demonstration of polysaccharide substances (Curran, Clark
and Loyell 1965, Luft 1964, 1966, and Rambourg and Leblond
1967).

Bennett (1963) has proposed that all types of poly-

saccharide-rich cellular surface coats be placed in one
category to which he has given the name "glycocalyces",
The electron histochemistry of'surface coats of
any type has not been investigated in the developing eye
rudiment.

Light microscope studies indicated that the

interlayer was PAS-positive.

Because of the inherent lack

of specificity of the PAS reaction, the question arises
as to exactly what substances or forces hold the optic
vesicle and lens ectoderm together during the period of
induction.

It may be that the ground substance of the

interlayer (Ferris and Bagnara 1960, Weiss and Jackson
1961) is a polysaccharide which is capable of cementing
the two layers together.

Perhaps the filamentous components,
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basal laminas, or Hunt's ''interepithelial clouds" are some
how responsible.
Problems sometimes encountered in the interpreta
tion of biological ultrastructure result from the creation
of artifacts during preparative procedures.

All procedures

which have thus far been used in morphological interpreta
tions of the developing eye rudiment have involved treat
ments with solvents such as alcohol, acetone and propylene
oxide.

These solvents probably have an extractive effect

on certain cellular components.

To explore the possibility

that interpretations concerning the interlayer have been
partly in error, a water soluble embedding media (Leduc
and Bernhard 1967) was used with some specimens.

Explicit

in all investigations using these water soluble embedding
procedures is the. ability to perform enzymatic digestions
directly on tissue sections.

Certain enzymatic digestions

were undertaken in this study to learn more about the
chemistry of the material comprising the interlayer,

The overall purpose of this investigation, there
fore, was to provide new information regarding the classical
problem of lens induction.

The following study deals with

the cytology of the interlayer between the optic vesicle
and lens ectoderm, with the electron histochemistry of its
polysaccharide substances, and with observations based on

the use of water soluble embedding media.

Finally, ob

servations unrelated to the interlayer are also included
where they seem of a contributory nature.

MATERIALS AND METHODS
Eggs from White Leghorn chickens were incubated in
a moist atmosphere at 39,5°C from 35 to 75 hours without
rotation.

At predetermined intervals eggs were removed

from the incubator and a small window chipped in the shell
directly above the embryo.

Exposed embryos were immedi

ately flooded with ice-cold fixative and freed from their
embryonic membranes by cutting along the border of the
area pellucida with iridectomy scissors.

In this way,

whole pre-fixed embryos could quickly be removed with small
forceps and placed in fresh ice-cold fixative in which they
remained for an additional 1 to 3 hours.
The embryos studied ranged from approximately 8
to 43 somites which corresponds to stages 9 to 21 of
Hamburger and Hamilton (1951).

Staging was carried out

under a dissecting microscope while embryos were suspended
in the cold fixative.
After fixation, specimens were washed and stored
in buffer from 8 to 48 hours at 4°C.

Specific preparative

methods varied according to the intent of the experiment,
i.e., if they were to be used for descriptive or histo™
chemical observations.
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All fixed and embedded specimens were sectioned on
a Porter Blum MT-2 ultramicrotome utilizing glass or diamond
knives.

Each embryo was oriented to yield sections approx

imately transverse to the plane of the lens ectoderm.

Thick

sections were cut and then examined by phase contrast
microscopy until the area of closest approximation of the
optic vesicle and lens ectoderm was reached.

Subsequent

thin sections were cut and mounted on uncoated 300 mesh or
formvar-carbon-coated 150 mesh grids.
Thin sections were examined either unstained or
double stained with uranyl acetate (Huxley and Zubay 1961)
followed by lead citrate (Reynolds 1963).

The electron

microscope employed was a Philips EM 200 operated at 60 KV.
Micrographs were taken on Kodak Projector Slide Plates or
Electron Image Plates and developed in D-19 or HRP develop
ers, respectively.

Original magnifications were between

3,500 and 17., 000 which were calibrated from a carbon
replica of a 54,864 line block shadowed with germanium
(Ladd Research Industries, Inc., Burlington, Vt.).

Addi

tional magnifications were achieved photographically.

Routine Fixation and Embedding
For the descriptive parts of this investigation,
embryos were fixed with 2 to 4% glutaraldehyde (Sabatini,
Bensch, and Barnnett 1963) in 0.2 M phosphate (Millonig
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1961) or cacodylate (Pease 1964) buffers at pH'7.8 and 4°C
(600-700 milliosmolar).

Osmolar concentrations were mea

sured on a Precision Osmometer (Precision Systems, Framingham, Mass,)*

The washing and subsequent storage of

specimens was carried out in the respective 0,2 M phosphate
or cacodylate buffer at pH 7.8 and 4°C (300 milliosmolar).
Most specimens were next post-fixed with 1.33%
osmium tetroxide (OSO4) in 0,2 M phosphate or cacodylate
buffers at pH 7,8 and 4°C (350 milliosmolar) for 1 to 2
hours.

Following fixation, the material was passed direct

ly into a graded series of ethanols at 4°C, cleared in
propylene oxide, infiltrated, and embedded in Epon 812
(Luft 1961),
60°C,

Curing of the blocks was accomplished at

A few specimens were dehydrated and embedded directly

after glutaraldehyde fixation for comparative purposes.
Histochemical Methods
1.) Ruthenium Red Procedure,

Ruthenium Red (RR)

was purchased from Pfaltz and Bauer, Inc., Flushing, N, Y.
According to Luft (1966), commercial RR contains a violet
complex which must be removed.

Accordingly, purification

was affected by, adding 200 mg of RR to 10 ml of 0,5 M
ammonium hydroxide in a centrifuge tube.

The mixture was

heated to 60°C for 30 minutes while the solid crystals
were crushed with a stirring rod.

The resultant turbid

solution was centrifuged at 400 g for 10 minutes and the
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supernatant removed with a Pasteur pipette and added to
500 ml of reagent grade acetone.

The resultant brown

precipitate settled rapidly and most of the acetone was
decanted.

After an additional wash with fresh acetone, the
\

suspended precipitate was filtered with Whatman No, 1
filter paper and set aside to dry.

The dried precipitate

of purified RR was scraped from the filter paper and stored
at room temperature.

The previously described routine fixation schedule
was somewhat modified for the RR procedure while the de
hydration and embedding schedule remained unchanged.
Purified RR was added to both the glutaraldehyde fixative
and OSO4 post-fixative in concentrations ranging from 750
to 3000 ppm.

After difficulties were encountered in getting

RR to penetrate tissues adequately, it was, in a few cases,
added to the overnight wash in pure buffer.
Because of uncertainties regarding the use of
phosphate buffers in RR procedures (Luft 1366), only
cacodylate buffers were used. ' The only other alterations
of the fixation schedule were the extending of the post*

fixation in the RR-OSO4 mixture to 3 hours and carrying
it out at room temperature.

This modification, according

to Luft (1966), provides more ideal conditions for the
formation of the electron dense RR-0s04-tissue complex.
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Control specimens were prepared in an identical manner
omitting RR from the solutions.
As will later be described, the lens ectoderm of
many specimens was punctured with a glass needle while
they were being staged under the dissecting microscope.
This procedure allowed RR to penetrate the interlayer
region,
2.) Colloidal Iron Procedure,

Stock colloidal iron

(CI) solution was prepared according to the method of Mowry
(1963) in which 4.4 ml of 29% ferric chloride is added to
250 ml of boiling distilled water.

The solution is sub

sequently stirred and allowed to boil until it turns a
dark red.

After cooling it is dialysed for 24 hours against

3 changes of distilled water of a volume 5 to 10 times
that of the stock solution.

The dialysis removes non-

colloidal iron and acid formed by hydrolysis.
Routine glutaraldehyde-fixed specimens were placed
in a working CI solution for lh to lh hours at room tem
perature,

This working solution (Mowry 1963) is freshly

prepared and consists of 18 ml of distilled water, 12 ml
of glacial acetic acid and 10 ml of the stock CI solution.
As was found in the RR procedure, the penetration of CI
into tissues was limited.

Therefore, the lens ectoderm

of many specimens was punctured by a glass needle and the
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tissues exposed to CI for longer periods than those used by
other investigators (Curran, Clark and Lovell 1965).
After the CI treatment, specimens were rinsed in
three 10 minute changes of 12% acetic acid followed by a
brief rinse in distilled water.

They were not post-fixed

in OSO4, but were directly dehydrated and embedded in Epon
812.

Control specimens were prepared in an identical manner

by substituting distilled water for the stock CI in the
working solution,
3.) Periodic Acid - Silver Methenamine Procedure.
The Periodic Acid - Silver Methenamine (PASM) procedure
was adapted according to the work of Rambourg and Leblond
(1967),

In this procedure, thin sections of embedded

tissues are stained rather than blocks of tissues as in
the RR and CI procedures.

The reaction is not performed

on specimens post-fixed in OSO4, a procedure which apparently
has adverse effects on-the specificity of the reaction.
Thin sections were collected and stored on glass
distilled water.

About half of the sections were trans

ferred with a wire loop to a solution of 1% aqueous peri
odic acid for 20 minutes at room temperature.

This was

followed by several jrinses on glass distilled water with
30 to 60 minutes on the last rinse.

The remainder of the

sections not oxidized with periodic acid served as controls.
While most of these were treated with the following silver
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methenamine reagent, a few were retained for direct ob
servation without further treatment.
Experimental and control sections were next floated
on silver methenamine solution in the dark at 50-60°C
for 45 minutes to 1 hour,

Rambourg and Leblond (1967)

use temperatures of 60~70°C, but in the present experi
ments these temperatures yielded considerable contamination
of sections.

The silver methenamine was always freshly

prepared by adding 2 ml of 5% silver nitrate drop by drop
to 18 ml of 3% hexamethylenetetramine, followed by 2 ml
of 2% sodium borate.
Following treatment with silver methenamine, sec
tions were washed on several distilled water baths and a
final bath of 1 to 48 hours,

They were next placed on 3%

sodium thiosulfate for 5 minutes, rinsed briefly on glass
distilled water, and picked up on formvar-carbon-coated
150 mesh grids.

Sections were examined directly without

further staining,
Methods Based on Glycol Methacrylate
Embedding Media
Glutaraldehyde-fixed specimens which had not been
post-fixed in OSO4 were dehydrated, infiltrated, and em
bedded with glycol methacrylate (GMA) according to a method
of JLeduc and Bernhard (1967).

The GMA embedding kit was

purchased from Polysciences, Inc., Warrington, Pa,

17
Dehydration was accomplished by consecutively
soaking specimens in each of the following mixtures for
20 minutes at room temperature:

8 parts GMA monomer plus

2 parts distilled water, 9.7 parts GMA monomer plus 0.3
parts distilled water, and unprepolymerized embedding
mixture.

The unprepolymerized embedding mixture was made

by first dissolving 0,12 gm of Luperco in 6 gms of butyl
methacrylate in a small beaker*

This mixture was trans

ferred to a 125 ml Erlenmeyer flask containing 13.58 gms
of GMA monomer and 0.42 gm of distilled water.

The solu

tion was mixed by swirling and a small portion used in the
aforementioned dehydration schedule.
The remainder of the embedding media was prepolymerized to enhance the rate of polymerization and
reduce swelling artifacts in the final embedment.

This

"prepolymer" was made by capping the Erlenmeyer flask
containing the embedding media and rapidly swirling it
over a Bunsen burner until the contents just began to
boil.

The flask was then immediately placed in ah ice

bath and vigorously agitated until the contents cooled
to the temperature of the ice bath.

This process was

repeated (usually twice) until the "prepolymer" had the
viscosity of a thick syrup.

Ethylene glycol dimethacrylate,

a cross-linking monomer, is recommended by Polysciences
for the prevention of swelling of thin sections during
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aqueous staining procedures.

Accordingly, 0.2% of this

monomer was added to the prepolymerized mixture.
Specimens were infiltrated in the prepolymer over
night in a cold room at 4°C.

They were embedded in gelatin

capsules filled with fresh prepolymer containing 0.2%
ethylene glycol dimethacrylate and capped.

Polymerization

was completed in the cold room under a high intensity UV
light (Polysciences, Inc.) placed approximately 6 inches
above the capsules.

Blocks were usually sufficiently hard

within 24 hours.
Some thin sections of GMA embedded specimens were
stained with uranyl acetate (Huxley and Zubay 1961) fol
lowed by lead citrate (Reynolds 1963),

Others were first

subjected to enzymatic digestions and then stained.

Di

gestions were performed by transferring sections with a
wire loop to enzyme solutions for 30 minutes to 2 hours at
37°Ct

Subsequently, they were washed on several changes

of glass distilled water and picked up on formvar-carboncoated 150 mesh grids.

Control sections were similarly

incubated in glass distilled water which did not contain
enzymes,
*

The enzymes employed were 0,5% pronase (B grade,
Calbiochem, L, A,, Calif.) in glass distilled water, 0,5%
hyaluronidase (Type X, Sigma Chemical Co,f St. Louis, Mo.)
in glass distilled water, and ,05% ribonuclease (Type XII-B,

Sigma Chemical Co., St. Louis, Mo.) in glass distilled
water.

Prior to use, the ribonuclease preparation was

heated to 75°C for 10 minutes to destroy deoxyribonucleas
activity and then cooled to 37°C,

RESULTS
Schematic drawings of the developing eye rudiment
from stages 9 to 25 are presented in Fig. 1.

As previously

mentioned, thick sections for observation by phase contrast
microscopy accompanied all thin sections and they, in part,
were the source for these drawings.

Although this is hot

intended to be a comprehensive study covering all the
cytological aspects of early eye development, a descriptive
account of the interlayer is a necessary prelude to the
histochemical observations which follow.

Other observations

which are not directly related to the interlayer are in
cluded for the sake of completeness,
Cytological Aspects of Early
Eye Development
Stage 9 (6 to 8 somites)
At this very early stage in the developing eye, the
optic vesicles are first recognized as slight outpocketings
of the lateral aspects of the neural tube.

They consist

of about 4 or 5 nuclear layers (O'Rahilly and Meyer 1959)
which are concentrated toward the basal ends of the cells.
The overlying ectoderm (Fig. 2) sweeps back from the an
terior neuropore as a single layer or sheet of cells without
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Fig. 1,
the Chick Eye,

Representative Stages of Development of

Stages 12 to 25 are sketches from regions equivalent to
.
the area X in stage 9, Labels used in the drawings are
listed below,
CE, corneal epithelium
OC, optic cup
HE, head ectoderm
OV, optic vesicle
I, interlayer
P,
lens placode
LC, lens cavity
PLE, presumptive lens ectoderm
LE, lens epithelium
PNR, presumptive neural retina
LF, lens fibers
PPE, presumptive pigment
LP, lens pit
epithelium
NR, neural retina
VC, vitreous cavity
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Pig. 1,
the Chick Eye.

Representative Stages of Development of

Fig, 2,
Interlayer t

St^ge 9 flead Ectoderm and Portion of

The ectoderm at this early stage consists of a sheet of
cells partially separated by large intercellular lacunae
(IL), Mitochondria (M), endoplasmic reticulum (ER), lipid
droplets (L), and a golgi complex CG) are shown. Large
masses of glycogen particles (Gy) are found in these cells.
The amniotic cavity (AC) is filled with moderately stained
amniotic fluid. Zonula adherens junctions (ZA) are present
between the apical portions of ectoderm cells. No junc
tions are present between the basal margins of ectoderm
cells (arrow), The interlayer (X), part of which is shown
here, displays a basal lamina (B) and faintly staining
amorphous clouds (A). Mag. 12,500.

Fig, 3.

Stage- 9 Basal Lamina.

This micrograph is from the base of the ectoderm in a sec
tion adjacent to that in0Fig. 2. The dense band of the
basal lamina (B) is 150 A thick and is separated from the
plasma membrane of the ectoderm cell by a 300 A space.
Small rosettes of glycogen particles (Gy) appear in the
cytoplasm. A rather well developed amorphous cloud (A)
is shown. Mag. 35,800.
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following the contour of the underlying optic vesicle.
The point of closest approximation of the two layers is,
therefore, near the apex of the optic vesicle (Pig. 1).
The ectoderm (Pig. 2) consists of a sheet of uni
formly staining cells of cuboidal nature between which are
numerous very large intercellular lacunae.

These spaces,

presumably filled with aqueous fluids in the living con
dition, sometimes equal the cells themselves in overall
size.

The cytoplasm of these cells if filled with the

usual inclusions of mitochondria, smooth and rough surfaced
endoplasmic reticulum, free ribosomes, golgi, vesicles,
and lipid droplets.

In addition, there are many intensely

stained particles of approximately 250 to 300 A in diameter
which are sometimes associated into small rosettes of several
particles (Pig. 3).

Occasional large spherical masses of

these particles are also observed (Fig. 2).

Since they

differ from ribosomes and all other organelles in size and
in their stainability by lead, these particles are probably
beta glycogen granules.

With the exception of nuclei,

which sometimes tend to be basally located, there is no
apparent orientation of the cellular constituents.
Near the free surface of most epithelia, occurring
at the cell boundaries, three local differentiations of the
opposing plasma membranes are commonly found (Fawcett 1966).
The three specializations together are called a junctional
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complex and consist of a zonula occludens or tight junc
tion, a zonula adherens or intermediate junction, and a
macula adherens or desmosome.

Both the zonula occludens

and zonula adherens encircle the apical end of the epi
thelial cell while the macula adherens is discontinuous,
Wrenn and Wessells (1969) have demonstrated all
three junctions at the apical surface of invaginating lens
ectoderm in the mouse.

Although no special attention was

devoted to the study of junctional complexes in the present
investigation, junctions which could clearly be called
zonulae occludentes were never obvious at the apical ends
of lens ectoderm cells.

The zonulae adherentes were easily

recognized in this region at all the stages studied and are
shown in Fig, 2.

The maculae adherentes were not apparent

in these earlier stages but were present when the lens
placode later began to invaginate.
The external surface of the ectoderm (Pig, 2) is
relatively smooth and possesses no stainable extracellular
material.

However, the adjoining amniotic cavity is filled

with a lightly staining substance which is presumably
amniotic fluid.

In later specimens this material was

usually not present as the amniotic membrane was either
ruptured or completely removed during dissection.
The opposing cell surfaces near the base of the
ectodermal cells do not possess junctional specializations

25
of any type,

Between the basal surface of the ectoderm

(Fig, 2) and apical surface of the optic vesicle (not shown)
is a space which has been called the "interlayer" by Weiss
and Jackson (1961),

This interlayer is bordered on both

sides by a moderately dense band of extracellular material
which at this stage is approximately 150 & thick and is
separated from the adjacent plasma membranes by a lightly
O
staining space of about 300 A (Fig. 3), At low magnifica
tion (Fig, 2) these bands appear as homogeneous layers
extending from one cell to the next in uninterupted fashion
and thus conform to classical descriptions of the basal
lamina.

The interlayer itself, part of which is shown in
*

Fig, 2, is several microns in width and contains only a
scant amount of stainable material in the form of small
wisps of amorphous material and occasional faintly staining
small fibers.

The matrix of the interlayer does not appear

to be stained by OSO4 or lead citrate and uranyl acetate
stains,
Stages 10 and 11
(9 to 14 somites)
These stages do not show much advancement over
stage 9,

By stage 11 the surface ectoderm has formed a

continuous layer around the then prominent optic vesicles
and it is at about this time that McKeehan (1951) reported
the beginning of adherence between the two layers, a
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condition which persists until about the 23rd to-26th
somite stages.
The optic vesicle still contains about 4 nuclear
layers (O'Rahilly and Meyer 1959) while the ectoderm has
become slightly thickened as the result of the addition .
of another cell layer and a slight palisading of cells to a
low columnar epithelium.

The interlayer is now filled with

numerous short fibers of about 100 to 140 A in diameter
and the previously described clouds of amorphous material
were slightly more abundant.
Stage 12 (15 to 17 somites)
The thickening of the surface ectoderm becomes more
localized and thus a distinct lens placode of about 3
nuclear layers is formed.

The optic vesicle, still con

sisting of about 4 nuclear layers, becomes slightly thick
ened adjacent to the lens placode due to a palisading of
cells, similar to what was first observed in the lens
ectoderm at stage 11.

Nuclei of both layers tend to be

concentrated toward the interlayer.

Intercellular lacunae

t
are considerably reduced in size from previous stages (Pig.
2) and tend to be somewhat larger in the optic vesicle than
in the lens placode (Fig. 4).
Junctional complexes like- those found between the
apices of ectodermal cells are not present between the

Fig. 4.
Optic Vesicle,

Stage 12 Lens Placode, Interlayer and

The lens placode is thicker and its intercellular lacunae
(IL) are reduced in size over preceeding stages. Junc
tional complexes (JC) occur between cells of the amniotic
membrane (AM) and between the apical ends of placode cells.
No junctional complexes occur between the basal ends of
placode or optic vesicle cells (arrows). Nuclei (N) of
both the optic vesicle and lens placode are primarily lo
cated near the interlayer (I). Basal laminas (B) extend
along both sides of the interlayer. Amorphous clouds (A)
are round at this stage. LF, large fibers. SF, small
fibers. AS, amorphous sheets. Mag. 9,000.

basal cells of the ectoderm or the apical cells of the optic
vesicle (Figs, 4 and 6).

The dense bands of the basal

laminas lining the interlayer (Figs. 4, 5 and 6) have
thickened to about 240 X while the light zone separating
them from the underlying plasma membranes remains about
o

300 A thick.

The minimum distance measured across the

interlayer between opposing basal laminas was about 0.9 y.
The interlayer contains a relative abundance of
extracellular material {Figs. 4, 5 and 6) and four seem
ingly distinct types are recognized:

short light staining

o

fibers about 140 A in diameter and 0.25 ]i in length which
are similar to those observed at stage 9; long relatively
O
thick and more intensely staining fibers about 240 A thick
and 0,5 m long;, masses presumably of either the smaller
fibers in cross section or clouds of other amorphous ma
terial; and sheets of moderately staining material similar
in appearance to the basal laminas, but scattered irregu
larly in the interlayer.

The clouds and sheets are gen

erally adjacent to one of the basal laminas.

Fibers tend

to be randomly oriented, but the larger fibers sometimes
seem to be oriented in a direction paralleling the basal
laminas.

Numerous cross sections of fibers are apparent.

All of these components stand out well against the ground
substance of the interlayer which does not appear stained.

Fig, 5,
Interlayer,

Stage 12 Leris Placode and Portion of

Microtubules (Mt) in the lens placode are oriented parallel
to the direction of cell elongation, I, interlayer, B,
basal lamina. AS, amorphous sheets. Mag. 21,800,

Fig, 6,

Stage 12 Interlayer,

The interlayer contains basal laminas (B), amorphous clouds
(A), amorphous sheets (AS), small fibers (SF), and larger
fibers (LF). An amorphous substance (S) is present in the
intercellular space between the bases of two optic vesicle
(OV) cells. LP, lens placode. Mt, microtubules. Mag.
21,500.
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Phagocytic'-like cells were sometimes seen within the interlayer, but with no regularity.
Late in stage 12, the lens placode (Fig, 7) dis
plays a distinct orientation of its cellular components.
As previously mentioned, the nuclei are located toward
the basal portion of cells.

Numerous accumulations of

lipid droplets, extensive arrays of golgi and many cyto
plasmic vesicles are located more toward the apex.

Glyco

gen particles, while sometimes present, are no longer found
in large masses as in stage 9.

Many cells display long

microtubules oriented parallel to their long axes (Figs.
5 and 6),
The external surface of the placode is essentially
the same as in preceeding stages except that there now tends
to be a slight puffing of individual c^lls between junc
tional complexes.

Infrequent cilia or primitive cilia are

observed projecting into the amniotic cavity (Fig. 8).
Stage 13 (18 to 20 somites)
In general, there is little change from the pre
ceeding stage 12.

Most notable is a considerable thick

ening of the lens placode producing a bulb-like appearance
(Fig, 1).

As a consequence, the cells appear to be very

long and thin.

The optic vesicle, although thicker, does

not reach bulb-like proportions.

Fig. 7.

Late Stage 12 Lens Placode,

In this micrograph lipid droplets (L), golgi complexes
(G) and their associated vesicles tend to be oriented
toward the apex while nuclei (N) are primarily located
near the base of the lens placode. Mitochondria (M)
are more evenly distributed, Mag. 8,800,

Fig. 8,

Stage-12 Cilium.

Cilia (Ci) occasionally are found at the apex of the lens
placode projecting into the amniotic cavity (AC). Mag.
12,600.
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The interlayer is rather homogeneously filled with
the four types of aforementioned material (Fig. 9).

In

such sections, portions of the basal laminas appear to be
doubled and segments of the outermost layer are seen curl
ing into the interlayer,

Therefore, it seems possible that

the earlier described sheets of material and, perhaps, the
amorphous clouds are the result of a sloughing type of
process.

The stainability of all these components appears

to be quite similar.
The smallest fibers within the interlayer (Fig, 9)
seem to be more abundant and give the impression of being
arranged in a network throughout the full width of the
interlayer.

The larger fibers still tend to parallel the

basal laminas.

Vesicular or pinocytotic types of invagina

tions occasionally appear in the plasma membranes bordering
both sides of the interlayer and are shown on the optic
vesicle side in Fig. 9,

Vesicles were never seen within

the interlayer.
Oriented microtubules and the numerous oil drop
lets and golgi complexes are prevalent in the apical por
tions of cells comprising the lens placode (Fig. 10).

The

puffing phenomenon at the apical surface of cells between
junctional complexes is slightly more pronounced and the
cytoplasm within these puffs is generally void of all in
clusions with the exception of ribosomes.

Fig, 9,
Interlayer,

Stage 13 Optic Vesicle and Portion of

Portions of the basal lamina (B) appear to be thicker in
this micrograph. Amorphous sheets (AS) may result from a
sloughing off of these thickened areas. Invaginations
of the optic vesicular plasma membranes along the inter
layer (I) are shown (arrows). A, amorphous cloud. SF,
small fibers, LF, large fibers. Mag. 21,500,

Fig, 10.

Apex of Stage 13 Lens Placode Cells.

Lens placode cells display a slightly puffed appearance
at their apices (arrows). L, lipid droplets. JC, junc
tional complexes. G, golgi. Mt, microtubules. AC,
amniotic cavity. Mag. 19,000,
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Stage 14 (21 to 23 somites)
Stage 14 shows considerable advancement in develop
ment over preceeding stages,

The lens placode begins in-

vaginating to form the early lens pit (Fig. 1).

The degree

of invagination varies between right and left eye rudiments
of the same embryo and between embryos of the same stage.
The beginning of the future optic cup is also apparent as
the optic vesicle invaginates at the same time as the over
lying lens placode (Fig, 1).
The ectoderm adjacent to the lens pit (Fig. 11)
consists of 1 or 2 nuclear layers and the cytoplasmic con
stituents are arranged in much the same manner as pre
ceeding stages.

Numerous single-membraned dense granules,

which are thought to be lysosomes, are also situated in
the cytoplasm,

Cohen (1961) and, more recently, Wrenn

and Wessells (1969) have observed similar structures in
mouse lens ectoderm and suggest that they might be involved
with the eventual cytolysis of this region.

Subsequent to

this event the lens becomes detached from the head ectoderm
and a primitive cornea is formed.
The outer surface of the ectoderm is relatively
smooth and uninterrupted with the exception of occasional
finger-^like projections into the amniotic cavity (Fig. 11).
At the edge of the invaginating lens placode and leading
into the lens pit, fine filaments are seen radiating from

Fig, 11,

Apex of Stage 14 Head Ectoderm Cells,

The apical surfaces of these cells display fingers-like
projections (arrows) into the amniotic cavity (AC). A
macula adherens junction (MA) is situated between the apex
of two ectoderm cells, Tangentially sectioned filamentous
bundles (FB) are shown. The lens pit lies to the right of
this micrograph. Ly, lysosomes. Gf golgi, Mag, 21,500,

Fig. 12,
Placode Cells,

Apex.of Stage 14 Invaginating Lens

This micrograph was taken at the edge of the invaginating
lens placode. The lens pit (P) is continuous with the
amniotic cavity (net shown). A filamentous bundle (FB)
appears to radiate from the zonula adherens (ZA) in a
direction paralleling the apical plasma membrane. A large
polymorphonuclear lysosome (Ly) is shown, N, nucleus."
Mag, 21,500,
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junctional complexes parallel to the apical surfaces of
cells (Fig, 12).

These filaments, which have also been

observed by Wrenn and Wessells (1969) in the mouse, occur
in bundles and appear to project outward from the intra
cellular aspect of the zonula adherens.

The bundles some

times appear to run adjacent to the apical plasma membranes
and extend nearly the full width of a cell.

Free ribo-

somes and occasional vesicles are the only cytoplasmic
components found between the filamentous bundles and the
plasma membranes.
Micrographs of sections deeper within the lens pit
show that apices of the cells of the pit wall become either
smooth (Fig, 13) or scalloped (Fig, 15),

Slightly oblique

sections through the wall (Fig, 13) show that the fila
mentous bundles form a rather intricate and broken sub
cellular band lining the under surface of the plasma mem
branes.

This phenomenon occurred from the top to the

bottom of the pit.

Structures presumed to be lysosomes

were generally lacking in the cytoplasm of these cells.
Microtubules were abundant but there seemed to be great
variation in their numbers from cell to cell.

Only in

ideal sections (Fig, 14) did certain cells display micro
tubules oriented in a highly ordered fashion.
At the bottom of the lens pit the apical surfaces
of cells are always highly irregular and form bulges into

Fig, 13,

Portion of Wall in Stage 14 Lens Pit,

The apex of cells along the lens pit (P) are lined by
filamentous bundles (FB), Mag. 21,500,

Fig, 14,

Stage 14 Lens Placode Microtubules.

This micrograph shows a cell in which numerous micro
tubules lie parallel to the direction of cell elongation.
Mag. 37,000.

Fig, 15,

Cells at Base of Stage 14 Lens pit,

Cells at the bottom of the lens pit CPI have a scalloped
appearance, The cytoplasmic bulges that are formed have
finger-like projections (.arrows} , Filamentous bundles do
not radiate from junctional complexes in these cells. L,
lipid droplet, M, mitochondria, MA, macula adherens,
Mt, microtubules. Mag. 20,800.

Fig, 16,

Stage 14 PTA Stained Inter1ayer,

Phosphotungstic acid intensely stains the larger fibers
(LF} of the interlayer. Amorphous clouds CAJ are ir
regularly shaped at this stage. Amorphous sheets CASJ
are shown curling' away from the basal lamina (Bj, LP,
lens placode, OV, optic vesicle. SF, small fibers,
M, mitochondrion, Mag, 21,500.
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the lens cavity (Fig, 15),

Finger-like projections are

commonly observed near the apex of individual bulges.

The

filamentous bundles observed in other portions of the lens
pit are absent in these bulges, but microtubules are rel
atively abundant and are occasionally seen radiating from
junctional complexes in a similar manner.
These bulges into the lens cavity may be mani
festations of the puffing activity between junctional com
plexes which were observed in earlier stages of the lens
placode.

They appear to be formed by an undetermined

squeezing or pinching force between junctional complexes.
Lipid droplets, mitochondria, rough-surfaced endoplasmic
reticulum and free ribosomes were commonly found within
these bulges.
The interlayer at stage 14 (Figs. 16 and 17) is
literally packed with the four types of material first
described at stage 12:

amorphous clouds, amorphous sheets,

140 A fibers and 240 & fibers.

Initial micrographs at this

stage revealed what was though to be a fifth type of ma
terial in the form of 175 & particles.

However, these

particles were not observed in subsequent specimens and
due to their similarity in size to the cross sectional
diameters of fibers, their existence as a separate entity
is questionable.

Fig. 17.

Stage 14 Interlayer.

The interlayer displays a highly compact arrangement of
its components. Amorphous clouds (A) are irregularly
shaped. Amorphous sheets (AS) often appear t§ be con
nected to basal laminas (B). The larger 240 A fibers
(LF) tend to parallel the interlayer while the smaller
140 & fibers (SF) are more randomly scattered. LP, lens
placode. OC, optic cup. N, nucleus. M, mitochondria.
IL, intercellular lacunae. Mag. 22,800.
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Amorphous clouds described in earlier stages were
usually somewhat spherical while those structures consider
ed to be their counterparts at stage 14 assumed highly
irregular shapes.

Since these clouds and previously de

scribed sheets of material stain with about equal intensity,
appear to be of the same amorphous consistency, and are
often seen in close approximation to one another, it seems
possible that they are both derived by a sloughing off of
the basal laminas.

The fact that these amorphous materials

were often seen in close proximity to the basal laminas
further supports this supposition.
Staining these sections with phosphotungstic acid
tends to exaggerate the basal laminas and all interlayer
components (Fig, 16),

The larger fibers are especially

intensely stained and sometimes exhibited a cross-banding.
The minimum distance measured across the interlayer at
stage 14 was about 0,4 \i.
Stages 15 to 21
The later stages of development primarily involve
the elaboration of existing-cellular and extracellular
components.

By stage 15 there is a distinct future vit

reous chamber or antrum between the lens and retina (optic
cup) with a cross dimension in excess of 1 p,

This inter

layer (Pig, 18) is still filled with the aforementioned

Fig. 18.

Stage 15 Interlayer.

Interlayer components are not compactly arranged. Cross
sections of larger fibers often show smaller fibers radi
ating from them (arrows). OV, optic vesicle. A, amorphous
cloud. AS, amorphous sheet. LP/ large fibers. SF, small
fibers. Mag. 37,000.

Fig. 19,

Stage 16 Interlayer.

Interlayer components appear to have aggregated. The
dense band of the lens's basal lamina (B) is about 600 A
thick. Le, lens. A, amorphous clouds. LF, larger fibers,
SF, small fibers, Mag. 21,000.
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inclusions, but the degree of packing is less pronounced
presumably due to the increased volume.

An association

between the smaller 140 A fibers and larger 240 A fibers
was noted.

This is most easily recognized by observing

cross sections of the larger fibers from which the smaller
fibers sometimes radiate in star-like fashion (Fig. 18).
In stage 16 embryos (Figs. 19 and 20), the interlayer material shows signs of segregation and aggregation.
Most of the amorphous clouds of material are associated into
a loosely arranged belt extending throughout the expanse of
the antrum.

At times this belt appears to be closer to the

lens (Fig. 19) and at other times closer to the optic cup
(Fig, 20),

Many of t:he larger and smaller fibers are em

bedded within the amorphous material (Fig, 19), but most of
the larger fibers tend to form small clumps in the remaining
portion of the antrum (Fig. 20),

The dense band of the

basal lamina surrounding the lens had thickened to about 600
Ji,

The ground substance of this antrum does not appear to

be stained by Os04, lead citrate, or uranyl acetate.
At the corneal side of the lens (Fig, 21) the belt
like association of amorphous material is not apparent.
However, cross-sections of the clumped larger fibers are
numerous,
The cells lining the lens cavity of stage 16
embryos (Fig, 22) exhibit the same bulging effect between

Fig. 20.

Stage 16 Segregated Interlayer Components.

A loosely arranged belt comprised of most of the interlayer components is present in the vitreous cavity (V).
Cross-sections of clumped larger fibers (LP) appear in
the remainder of the vitreous cavity. OC, outer edge of
optic cup. Le, lens. C, presumptive lens capsule. B,
basal lamina. Mag. 12,900,
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Fig. 21.

Portions of Stage 16 Cornea and Lens.

Clumped larger fibers (LF) are present, but no other out
standing relationship of interlayer components is shown.
Ca, cornea. Le, lens. Mag. 20/800.

Fig. 22.

Apices of Stage 16 Lens Cavity Cells.

A long thin cytoplasmic bulge which protrudes into the
lens cavity (LC) is present at the apex of each cell.
Filamentous bundles are not seen radiating from junc
tional complexes (JC). Mag. 20,800.
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junctional complexes that was found earlier in the lens pit
at stage 14 (Pig. 15).

However, the constricting influence

between junctions seems more pronounced and results in
long, thin undulating bulges into the cavity.
Fig. 23 is a micrograph of a stage 21 eye which
shows an area similar to that in Fig. 20.

Evident are what

may be manifestations of the earlier observed belt of
material lying in the antrum.

Instead of a single-layered

basal lamina, there is a multilaminated layer of material
surrounding the lens.

At high magnification (Fig. 24),

this moderately staining belt appears to be similar in
consistency to the earlier described amorphous clouds.
This laminated belt, commonly called the lens capsule,
ranged in thickness from 0.2 to 0.4 y.
The basal lamina lining the optic cup (Fig. 23)
appears to be unchanged, and sandwiched between it and the
lens capsule is the remainder of the fibrillar material
of the inter layer.'
Filamentous bundles like those observed radiating
from junctional complexes in earlier stages are also ob
served lining the peripheral cytoplasm of the lens (Figs.
23, 24 and 25),

At the corneal side of the lens (Fig. 25),

the laminated nature of the lens capsule is more obvious
as the individual laminas are in many places loosely as
sociated as if they are just being assembled.

Between

Fig, 23,

Portions of Stage 21 Lens and Optic Cup.

The lens is surrounded by the lens capsule (C). Between
this capsule and the basal lamina (B) of the optic cup
(OC) are numerous large fibers (LF). Filamentous bundles
(FB) are shown paralleling the apical surface of lens
cells. Junctional complexes are not apparent between
the apices of all lens cells (arrows). Nuclei (N) of the
optic cup are concentrated toward the base of these cells.
Le, lens. Mag. 12,900,
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Fig. 24.

Stage 21 Lens Capsule.

The lens capsule has a consistency similar to that of
amorphous clouds and is here about .3 \i thick. Part of
a filamentous bundle (FB) is present. Mag. 35,800.

Fig, 25.

Portions of Stage 21 Cornea and Lens.

The laminas of thg lens capsule (C) are loosely arranged.
Large 200 to 240 A fibers (LF) are present between the
lens capsule and corneal basal lamina (B). Many of the
apical margins between lens cells display no junctional
complexes (arrows). FB, filamentous bundles. Le, lens.
Ca, cornea, Mag, 10,200.
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the lens capsule and the basal lamina of the cornea is a
concentrated layer of randomly arranged fibers. These in- '
O
tensely staining fibers were about 200 to 240 A in diameter
and 0.3 to 0.5 \i in length.

A beaded cross-banding of

unmeasured periodicity was sometimes apparent.

These

fibers probably contribute to the collagenous layers of
the adult cornea.
The lens cavity at stage 21 (Fig, 26) is reduced
to a narrow slit traversing the outer mid-portion of the
lens.

The previously described bulges of cytoplasm at

the apex of cells are reduced to mere stubs.

Junctional

complexes are generally farther removed from the lumen,
probably indicating a gradual elimination of this cavity.
The aforementioned filamentous bundles between junctions
are apparent and sometimes seem to be interconnected.
The cytoplasm on either side of the cavity is con
siderably different.

Most obvious is the reduced number of

ribosomes, generally aggregated into polysomes, on the
•

vitreal side.

Signs of cytolysis are apparent as these

cells are destined to become the hexagonally shaped lens
fibers of the adult lens.

On the corneal side of the

lumen, although some cellular degeneration is evident, the
arrangement of cytoplasmic constituents is more typical
and these cells are presumed to form lens epithelium.

Thus

it appears that the initial division between the adult lens

Fig. 26,

Stage 21 Lens Cavity.

The lens cavity (LC) appears as a slit. JC, junctional
complexes. FB, filamentous bundles. LE, lens epithelium.
CI, centrioles. M, mitochondria. ER, endoplasmic reticu
lum. Ps, polysomes. Mag. 25,400.
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epithelium and lens fiber cells is the diminishing lens
cavity.
Histochemical Observations Concerning Surface
Coats of the Developing Eye
Within the interlayer between the optic vesicle and
lens placode are extracellular structures in the form of
basal laminas, fibers, and amorphous sheet or cloud-like
accumulations which probably, in part, are of the same or
similar origin.

By purely cytological observations, it

appears that these materials may be precursors for the lens
capsule and other adult structures; therefore, it seems
logical that the term surface coat, as it is used here to
apply to embryonic derivatives, should include all the
extracellular components found within the interlayer as
well as other cellular coatings generally not visible by
conventional methods of preparation for electron microscopy.
Initial experiments involving the RR procedure were
performed on stage 13 embryos.

Control specimens {Fig. 27)

were prepared by omitting RR from both fixatives and ex
posing them to OSO4 for the extended 3 hours at room tem
perature.

In general, fixation was good and areas such as

intercellular spaces and exposed surfaces of cells where
one might expect RR to deposit were void of visible extra
cellular material.

An occasional collapsed membrane around

a lipid droplet or swollen mitochondrion was noted.

Pig. 27. Apex of Lens Placode in a Stage 13 RR
Control Specimen.
Fixation was comparable to that of routinely prepared
specimens. Distorted mitochondria (M) and lipid droplets
(L) are sometimes encountered. Mag. 8,300.

Fig. 28. Apex of Lens Placode in a Stage 13 RR
Stained Specimen,
The apical cell surfaces are intensely stained. RR has
not penetrated junctional complexes between cells, but a
portion of the cytoplasm of a cell (arrow) is stained.
Mag. 7,700.
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However, these were often observed in specimens prepared
by routine methods and were considered to be the exception
rather than the rule.

The interlayer and its components

(not shown) were comparable to those shown in Fig. 9.
When RR was added to the fixatives, the plasma
membranes at the apical ends of cells comprising the placode
and head ectoderm were adorned with an intense electron
dense deposit (Fig, 28).

Even after prolonged exposure

(sometimes overnight) to RR, this deposit was not observed
in intercellular spaces beyond junctional complexes, nor
in the interlayer region.

Occasional dense areas of cyto

plasm were observed like the one surrounding the one side
of the lipid droplet in Fig. 28,

Since RR can apparently

penetrate injured cells (Luft 1966), it is assumed that
these densities are due to penetration of RR through rup
tured plasma membranes.
To overcome the general lack of penetration of RR
observed in these initial investigations, the placode or
adjacent ectoderm was punctured with a glass needle during
fixation,

Fig. 29 from a stage 12 specimen shows a por-

tion of the interlayer along the optic vesicle immediately
beneath one of the punctures.

The large dense particles

represent areas of attachment of the RR"OsO^ complex to
interlayer components,

All forms of interlayer materialf

i.e,, fibers, amorphous sheets or clouds, and basal laminas

Fig. 29.

Portion of a Stage 12 RR Stained Inter

layer.
This micrograph shows a region beneath the punctured lens
placode. Note the collapsed appearance of the interlayer
components. The ground substance of the interlayer (I) does
not have an affinity for RR, but basal laminas (B) and all
other interlayer components are intensely stained. Optic
vesicle (OV) cytoplasm also appears to be stained. Mem
branes of mitochondria (M) and intercellular lacunae (IL)
are distorted. Mag. 21,500.

Fig. 30.

Stage 9 RR Stained Interlayer.

Basal laminas, fibers and amorphous clouds are stained by
RR at this very early stage of development. In comparison
to the optic vesicle (OV) the cells of the ectoderm are
intensely stained, Mag. 14,400.
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exhibit an affinity for the complex while the ground sub
stance remains unstained.

Deposits associated with fibers

are rather large punctate dots which tend to localize at
one or possibly two sites on an individual fiber.

Smaller

punctate dots are attached to basal laminas and amorphous
clouds.

The overall association of fibrillar components

in Pig. 29 gives the impression of a collapsed network of
charged entities.

By following the interlayer a short

distance away from the puncture (Fig. 31), regions could be
found in which the more normal random arrangement of fibers

i
and amorphous clouds prevailed.

Possibly the association

of fibers beneath the puncture in Fig. 29 was caused by a
sudden local change in hydrostatic pressure as the glass
needle passed through the placode.
The addition of RR to fixatives had an overall
deleterious effect on the quality of fixation and embed
ment.

The embedments tended to be soft and, therefore,

sectioned rather poorly.

The cytoplasmic components,

whether near the site of the puncture {Fig. 29) or at
relatively great distances from the puncture (Fig, 31),
are often intensely stained.

However, this was apparently

not a universal phenomenon as shown in Fig. 30 in which
many of the cells comprising the optic vesicle are only
moderately stained,

These observations made it seem likely

that the net increase in overall contrast exhibited by most

Fig. 31.
Interlayer.

Stage 12 RR Stained Head Ectoderm and

This micrograph, taken from the same section as Fig. 29,
but at a distance from the punctured lens placode, shows
the normal arrangement of the interlayer components. All
structures of the head ectoderm, interlayer (I) and optic
vesicle are stained by RR. Shredded areas of cytoplasm
(X) and distorted membranes of lipid droplets (L) and inter
cellular lacunae (IL) are apparent in the ectoderm. Mag.
10,000.
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cells cannot be attributed solely to cytoplasmic leaks
created by the entrance of the glass needles.
It is often difficult to distinguish cytoplasmic
components in cells that are so intensely stained.

Ribo-

somes suffer the most drastic consequences and are often
ill-defined (Figs, 29, 30, 31 and 32).

They tend to form

an extremely dense and sometimes smudged or mottled back
ground against which other cellular inclusions stand out
very poorly.

Membranes associated with mitochondria (Fig.

29), intercellular lacunae (Figs. 29 and 31) and lipid
droplets (Fig. 31) are often distorted.

A torn or shredded

cytoplasmic region is evident near the center of the ecto
derm of Fig, 31 and is also a common occurrence.

Whether

these artifacts are caused by RR itself, by the soft em
bedments, or by a combination of the two, was not deter
mined,

Despite these imperfections it is felt that data

regarding the interlayer are pertinent for reasons which
will be discussed.

(

At stage 9, prior to the onset of adherence between
the lens ectoderm and optic vesicle, RR displays a similar
affinity for the interlayer components (Fig. 30).

Dense

punctate deposits are associated with all forms of inter
layer material with the exception of 240 A fibers which have
not yet appeared in the developmental sequence.

The rela

tive closeness of the unattached interlayer components to

Fig, 32,

Stage 13 RR Stained Interlayer.

All interlayer components are stained, but some larger
fibers (arrow) are not as intensely stained as others.
RR had penetrated intercellular spaces of the optic
vesicle (OV), The cytoplasmic components of one of the
lens placode cells are intensely stained. Mag; 23,600.
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the basal laminas should not be confused with the collapsed
effect which is shown in Fig. 29.

This stage 9 micrograph

was taken at a considerable distance from the site of entry
of the glass needle and the arrangement of fibers and
clouds near the basal laminas is consistent with that ob
served in routinely prepared specimens.
Stage 13 preparations yielded comparable results
(Pigs. 32 and 33).

It will be remembered that the inter-

layer at stages 13 and 14 displays, between the opposing
basal laminas, four distinct entities which are more com
pactly arranged than at all other stages.

All of the inter-

layer components show an affinity for the stain (Pig. 32).
Although Pig. 32 alone could not stand as conclusive evio
dence, it appears that possibly all of the larger 240 A
fibers were not equally stained.
RR was also able to penetrate the intercellular
spaces between cells making up the optic vesicle (Fig. 32).
Sometimes this is evident for only short distances, but
*

presumably all cell surfaces would have been outlined if
given enough exposure time to RR.

It will be remembered

that there are no junctional complexes between the basal
portions of cells lining either side of the interlayer and
this apparently accounts for the ability of RR to penetrate.
The apical part of the placode shown in Fig. 32 is
depicted in Fig. 33,

Some of these cells were also outlined

Fig. 33, RR Stained Intercellular Spaces at Apex
of Stage 13 Lens Placode.
RR, unable to penetrate the junctional complexes (JC)
between cells at the apex of the lens placode, has pene
trated between cells at the base of the lens placode to
stain these surface coats. The cells display different
densities, presumably due to unequal penetration of RR,
Mag. 13,700,
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by the RR-OsO^ complex.

Earlier experiments had shown that

RR was unable to penetrate junctional complexes along the
apical margin of the placode {Fig. 28).

Therefore, it

seems logical that the staining of these cell surfaces
must have come about first by the diffusion of RR into the
interlayer region and subsequently back between cells mak
ing up the placode.

Cytoplasmic components of many of

these cells were apparently also stained by RR in a manner
similar to that previously described.
Experiments involving the CI procedure were not as
numerous as those involving RR, but results were, for the
most part, complementary.

As was found in the RR procedure,

there was a problem in getting CI to penetrate into the
interlayer region.

In specimens in which the amniotic

membrane was not removed it was found that CI was unable
to penetrate beyond this point (Fig. 34).

Although little

attention was given to this layer of cells in the descrip
tive part of the results, they appeared to possess junc
tional complexes between adjacent cells (Fig. 4) that could
account for the exclusion of CI.
The apparent inability of CI to penetrate junc
tional complexes was again encountered at the apices of
placode and head ectoderm cells when the amniotic membrane
was stripped away (Fig, 35).

However, the surfaces of the

apical plasma membranes of these cells were covered by an

Pig. 34. Surface Coat of a Stage 12 CI Stained
Amniotic Membrane.
CI is unable to penetrate junctional complexes between
cells of the amniotic membrane (AM) and the surface coats
of the lens placode (LP) and interlayer (not shown) are
not stained. Mag. 21,500.

Fig, 35, Apex of Lens Placode in a Stage 14 CI
Stained Specimen,
The amniotic membrane was removed
is unable to penetrate junctional
at the apex of the lens placode.
apex of these cells is stained by

in this specimen. CI
complexes between cells
The surface coat at the
CI. Mag. 37,000.
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35

intense" deposit of CI particles in a manner reminiscent
of results obtained with the RR procedure.
The creation of channels through the ectoderm with
glass needles enabled CI to penetrate the interlayer~Fig
36 of a stage 14 preparation shows the CI particles in
association with all interlayer components.

The com

ponents themselves did not appear to acquire an increase
in density as was often noted in RR results.

Instead,

the small CI particles tended to bind along the edges of
each individual fiber, amorphous cloud, or basal lamina.
The ground substance of the interlayer as in RR prepara
tions was not stained.
Intercellular spaces of the placode and optic
vesicle were not penetrated by CI,

However, their ability

to stain cannot be discounted since staining times were
kept short relative to those used in the RR procedure.
Soft embedments following treatments with CI or
associations of CI particles with cytoplasmic components
were not encountered.

The reduced contrast within the

cells shown in these micrographs (Figs. 34, 35 and 36)
%

is due to specimens not being post-fixed in OSO4.
The PASM procedure is applied to thin sections as
opposed to the RR or CI procedures which are applied to
tissue blocks prior to embedment.

It is usually not per

formed on specimens which have been post-fixed in OSO4

Pig, 36.

Stage 14 CI Stained Interlayer.

Puncturing the lens placode of this specimen allowed CI
to penetrate the interlayer. CI particles have bound to
the basal laminas (B), amorphous clouds (A), small fibers
(SF), and large fibers (LP), CI has not stained the ground
substance of the interlayer (I) nor penetrated cells of the
lens placode (LP) or optic vesicle (OV). Mag. 40,300.
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since silver has a rather strong affinity for reduced
osmium (Rambourg and Leblond 1967).

The staining of PASM

treated sections with uranyl acetate, lead citrate, or a
combination of the two generally adds little contrast.

As

a consequence, the overall rendition of cellular or extra
cellular detail is even worse than that encountered in
CI preparations.
In an effort to avoid this inherent disadvantage,
sections that were treated with the silver methenamine
reagent were compared with untreated sections that were
stained with uranyl acetate followed by lead citrate.
Fig. 37 is one of these untreated preparations from a
stage 12 specimen which shows most of the previously de
scribed features.

The large sheet of cells running di

agonally across the micrograph is head ectoderm which was
believed to be at or near the area of the presumptive lens
placode.

In the upper right hand corner is a portion of

the amniotic fold and between this fold and the ectoderm
is a moderately staining material which is presumably
amniotic fluid.

In the lower left corner is a part of the

interlayer showing a basal lamina, large and small fibers,
cross sections of fibers, and amorphous clouds.
Stage 12 control sections {Figs. 38 and 40) which
were not oxidized by periodic acid prior to exposure to
the silver methenamine reagent were prepared from sections

Fig, 37.
Interlayer.

Stage 12 Untreated Lens Ectoderm and

The amniotic membrane (AM), amniotic fluid (AF), and
interlayer (X) are shown. Note the portion of a zonula
adherens (ZA) between the apices of two ectoderm cells.
Mag. 13,700.
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Fig. 38. Apex of Lens Ectoderm in a Stage 12 PASM
Control Specimen.
PASM has bound non-specifically to many cellular con
stituents, but the surfaces of plasma membranes at the
apices of ectoderm cells (arrows) or bordering inter
cellular lacunae (IL) show no reactivity. Mag. 20,800.

Fig. 39, Apex of Lens Ectoderm in a Stage 12 PASM
Stained Specimen,
Plasma membrane surfaces bordering intercellular lacunae
(IL) and the apex of ectoderm cells show distinct reactive
lines. The reactive lines fade near junctional complexes
(arrows). Amniotic fluid (AF) also appears to stain.
Mag. 20,800.

Fig. 40.

Stage 12 PASM Control Interlayer.

Basal laminas (B), amorphous sheets (AS), and amorphous
clouds (A) show no affinity for silver methenamine prior
to their oxidation by periodic acid. The smaller fibers
are not clear in this micrograph and must not be nonspecifically stained. Larger fibers (LF) are lined by
dark dots separated by light spaces. Mag. 12,500.
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approximately adjacent to this untreated section (Fig. 37).
Additional sections (Figs. 39 and 41) received the complete
PASM treatment.
Rambourg and Leblond (1967) report non-specific
binding of silver methenamine to chromatin, nucleoli,
ribosomes, collagen fibers, red blood cells, blood plasma,
eosinophil granules, various pigments, and unidentified
granules.

While they found that plasma membranes did not

stain, the intracytoplasmic surface of desmosomes were
often outlined by two dense bands.
In the present investigation, non-specific stainings
(Figs. 38, 40 and 43) were consistent with the findings
of these authors.

However, blood plasma, red blood cells,

pigments, and granules were not studied.

Additional non

specific staining reactions were observed in the interlayer
(Figs, 40 and 43) where it appeared that the larger 240 A
fibers were sometimes lined by dark dots separated by
distinct light spaces,

Rambourg and Leblond (1967) re

ported similar associations with collagen fibers.
In contrast to these non-specific bindings it should
be pointed out that control sections exhibited no clear
association of silver with plasma membranes, intercellular
O
spaces, or basal laminas. With the exception of the 240 A
fibers, other components of the interlayer were also unreactive,

Fig, 41.

Stage 12 PASM Stained Interlayer,

Basal laminas (B), amorphous sheets (AS), amorphous
clouds (A), and small fibers (SF) are intensely stained.
Larger fibers (LF) appear as intense alternating light
and dark dots of silver, Mag. 13,700.
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Fig. 42.

Stage 14 Untreated Interlayer.

Basal laminas (B), amorphous sheets (AS), amorphous
clouds (A), small fibers (SF) and large fibers (LF)
are shown. In adjacent sections treated with silver
methenamine, these structures were not as clearly
visible. Mag. 12,300.

Fig, 43.

Stage 14 PASM Control Interlayer.

Larger fibers (LF) appear as rows of evenly spaced dots.
Amorphous structures and small fibers have little or
no affinity for silver methenamine reagent before they
are oxidized and do not stand out very clearly. Mag.

10,200.

70

• !

. -~-~ ·t.~r
. ·.
·.'

-Lf-.:.:
,... .•..

.

~··

··.../ ... ·
/~

.

··;;-.
~

-~

. .~

.

·.,
....

.

•.. ,....

. .~:\ ~ . i .-\~ .

· ~·-

-;,.,: ·'.·

I ~-\,

\ .

..,~ ~
' ... ··

.
•

~-

..·

'-~

71
A fine-grained background deposit occurred on
practically all sections which were treated with the silver
methenamine reagent and is most readily observed in inter
cellular lacunae and interlayer matrices.

This background

is apparently due to a relative instability of the silver
methenamine reagent at higher temperatures and the walls
of staining dishes were usually covered by a thick layer
of the reagent.

Other very large deposits (Figs. 39 and

43) can best be regarded as contamination.
Stage 12 sections which were treated with the
complete PASM procedure show a distinct reactive line at
the apical surface of ectoderm cells and at the surfaces
of cells bordering intercellular lacunae (Fig. 39).

These

reactive lines are not apparent in control preparations
(Fig. 38),

The inability to see the plasma membranes in

these micrographs presents the possibility that silver
methenamine stains these structures rather than an external
surface coating.

However, by following the mated surfaces

of opposing cells of the intercellular lacunae toward the
apex (Fig, 39), the clarity of the reactive lines appears
to fade near the region where junctional complexes have
previously been shown (Fig, 37),

If the plasma membranes

themselves were stained, one would not expect these re
active lines to fade but to appear as a distinct double
row of particles,

Rambourg and Leblond (1967) have
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presented evidence that silver methenamine does, indeed,
bind to cellular surface coats.

The combined observations

of the PASM, RR and CI procedures clearly indicate that the
apices of lens ectoderm cells are covered by an extra
cellular surface coating and, in view of what is known
about the specificities of these reactions, this coating
is rich in carbohydrate.
The interlayer components at both stages 12 and
14 were stained by the PASM reaction (Figs. 41 and 44) in
a manner which is similar to that observed in the RR and
CI reactions.

In comparison to the control sections (Figs.

40, 42 and 43), the periodic acid treated sections (Figs.
41 and 44) show that the dense bands of the basal laminas
o

were intensely stained.

However, the 300 A light space

between the dense bands and plasma membranes are not well
defined.

Amorphous clouds and sheets show a degree of

affinity similar to the basal laminas.

The small 140 &

fibers appear as finely dotted rows while the non-specifically staining 240 & fibers show an intense alternating
light and dark pattern.

These observations in conjunction

with results from the RR and CI experiments show that all
of the fibrous and amorphous entities of the interlayer
contain polysaccharides.

However, the ground substance in

which these structures are embedded is non-reactive and,
therefore, may not contain polysaccharides.

Fig. 44,

Stage 14 PASM Stained Interlayer.

PASM has stained basal laminas (B), amorphous sheets (AS),
and the smaller fibers (SF) in this micrograph. The
larger fibers (LF) appear to be more intensely stained
than other interlayer components. This section was slight
ly overstained causing the considerable background of
silver deposits. Mag. 12,300.

Fig, 45,

Stage 14 PASM Overstained Interlayer,

This section was considerably overstained with the silver
methenamine reagent, washed for 48 hours, and then bleach
ed for 1 hour with sodium thiosulfate. The majority of
the large silver deposits have been removed from the cyto
plasm but the interlayer (I) remains heavily contaminated.
Mag, 12,300.
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The exposure time of sections to the silver methenamine reagent was critical and occasionally an abrupt and
intense overstaining occurred.

In attempts to salvage

sections from these situations, a new property of the interlayer was revealed which may be related to the adherence
of the lens ectoderm to the optic vesicle.

Sections were

extensively washed on many changes of glass distilled water
and subsequently bleached on sodium thiosulfate.

Large

silver deposits which are usually regarded as contaminants
due to overstaining were removed from the cytoplasm of
cells, but remain in the interlayer region (Fig. 45).
This may have been caused by an inherent adhesive property
of the interlayer which the cell cytoplasm does not pos
sess,

A specific relationship of these deposits with any

one interlayer component is not obvious and, therefore, it
is likely that they are adhering to the ground substance
of the interlayer.

In contrast, after normal staining with

the PASM, RR and CI procedures, the ground substance was
non-reactive.
Observations Based on the Use of
Water-Soluble Embedding Media
Water-soluble glycol-methacrylate (GMA) has been
employed as an embedding media since 1960 (Rosenberg,
Bartl and Lesko) and methods employing this media have met
with variable success (Leduc and Bernhard 1967).

Use of
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GMA makes possible the application of enzymatic digestion
and autoradiographic procedures directly to thin sections
(Granboulan and Granboulan 1964, 1965 and Schoefl 1964).
In the present study it was employed as an alternate em
bedding method in order to explore the possibility that
interlayer components may be dissolved away by rigorous
solvents used in routine epoxy embedding procedures.

It

was used coincidentally to facilitate digestion studies of
the interlayer.
The ultrastructures of GMA embedded cells are gen
erally well preserved (Fig. 46).

Nucleic acid-containing

structures are densely stained while membranes appear in
negative image.

Other areas like the matrices of mito

chondria, intermembrane regions and unidentified cytoplasmic
assemblages show various intermediate densities.

Imperfec

tions in the form of holes or tears are common within the
interlayer and many of the mitochondria.
Only stage 14 specimens were utilized for this part
of the investigation since all of the interlayer components
are present at this stage of development.

The interlayer

components of these specimens (Figs, 46, 47, 48, 49 and
50) are not as easily distinguished as in routinely pre
pared specimens.

Fibers have a distorted appearance and

measurements of their diameters seemed useless? therefore,
rather subjective visual comparisons were necessary.

The

Fig, 46.

Stage 14 GMA Embedded Specimen.

The ground substance of the interlayer (I) is moderately
stained and is most noticeable when compared to inter
cellular spaces. Basal laminas (B) stand out against the
negatively stained plasma membranes. Holes or tears are
commonly seen in the interlayer (I) and mitochondria (M).
Mag. 22,700,
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Fig, 47.

Stage 14 Enzyme Control Interlayer.

This control section was incubated in glass distilled
water for 1h hours at 37°C. Basal laminas (B), small
fibers (SF) and large fibers (LF) are shown. The many
holes in the interlayer are generally associated with
amorphous clouds (A). LP, lens placode. OC, optic
cup. GMA embedded. Mag, 20,800.

Fig, 48.

Stage 14 Pronase Treated Interlayer,

This section was incubated in 0.5% pronase for 30 minutes at
37°C. Basal laminas (B) and amorphous clouds (A) appear to
be ghosts. Whole or parts of fibers remain. All membranes
have been digested. The dense deposits in mitochondria (M)
may be remnants of lipid components. The density of the
cytoplasm is considerably reduced. LP, lens placode. . OC,
optic cup. GMA embedded. Mag. 20,800.
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Fig. 49.

Stage 14 Hyaluronidase Treated Interlayer.

This section was incubated in 0.5% hyaluronidase for 2
hours at 37°C, Basal laminas (B) and amorphous clouds
(A) appear not to have been digested. Faint profiles of
fibers (F) remain. Many dense deposits (D) are associated
with interlayer components. LP, lens placode. OC, optic
cup. GMA embedded, Mag. 20,800.

Fig, 50,

Stage 14 Ribonuclease Treated Interlayer.

This section was incubated in 0,05% ribonuclease for l*s
hours at 37°C, The partial digestion of ribosomes has
occurred in the cytoplasm of the lens placode (LP) and
optic cup (OC). Interlayer components were not digested,
but dense deposits (D) are associated with many of them.
GMA embedded. Mag, 20,800.
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numerous holes or tears appear to be associated mainly
with the amorphous clouds and larger fibers.
The ground substance of the interlayer (Fig. 46)
displays a moderate density which was not apparent in
epoxy embedded specimens.

The minimum width measured

across the interlayer was about 0,4 y which is consistent
with measurements of Epon embedded stage 14 specimens.

These observations show that the matrix of the interlayer
contains substances other than water and that the width
of this structure is probably not altered by routine sol
vents t
Approximately adjacent sections from stage 14
specimens (Figs, 48, 49 and 50) were incubated in aqueous
enzyme solutions in an attempt to determine the chemical
composition of the interlayer components.

Control sections

(Fig. 47), incubated for equivalent periods in glass dis
tilled water, show all of these structures,
Pronase is a protease having a very wide substrate
specificity and is capable of hydrolyzing various proteins'
to the point where most of their amino acids are liberated
(Nomoto, Narahashi and Murakami 1960).

Sections treated

for relatively short periods with pronase (Fig. 48) yielded
such complete digestions that sections were difficult to
observe in the microscope.

All membranes are obliterated

and about all that can be seen in the cytoplasm of cells
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are ribosomes and outlines of other organelles.

The com

plete removal of interlayer components with the exception
of some fibers shows that the basal laminas and amorphous
clouds contain considerable amounts of protein.

Fibrous

structures which remain may be the polysaccharide com
ponents of protein-polysaccharide complexes.

The density

of the ground substance is not reduced, which indicates
that this material is probably not proteinaceous.
Hyaluronidase is a group of dissimilar emzymes
which have in common the ability to cleave glycosidic bonds
of hyaluronic acid and, to a variable extent, other acid
l
mucopolysaccharides found in connective tissues (Meyer,
Hoffman and Linker 1960).

Sections treated with hyaluroni

dase (Fig, 49) reveal no obvious sites of digestion in the
cytoplasm of cells.

However, only faint profiles of fibers

remain in the interlayer, which tends to complement the
conclusions drawn from pronase digestions that these struc
tures are protein-polysaccharides.

The extent to which

basal laminas and amorphous clouds are digested may be
masked by the dense deposits of unknown material which
are associated with these structures.

The density of the

ground substance does not appear to have been reduced,
indicating that this substance may not be a polysaccharide,
Ribonuclease catalyzes cleavage of phosphodiester
bonds of the ribose moieties in ribonucleic acids with the

formation of oligonucleotides, mononucleotides and the cor
responding nucleoside phosphates.

As expected, the diges

tion of sections with this enzyme reveal no pronounced
ribonucleic acid containing structures in the interlayer
(Fig, 50),

The partial digestion of ribosomes is clear in

the cells of both the lens placode and optic cup.

Dense

materials of unknown origin have again deposited in the
interlayer and were extremely intense when higher concen
trations of ribonuclease were employed,

The accumulation

of dense materials following both the ribonuclease and
hyaluronidase digestions is interpreted as additional
evidence for an inherent adhesive property of the ground
substance of the interlayer.

DISCUSSION
The cytological observations of the interlayer in
this investigation are, in general, in good agreement with
those of earlier investigators (Ferris and Bagnara 1960,
Hunt 1961, Weiss and Jackson 1961).

The interlayer appears

to be a discrete structure bound on both sides by basal
laminae between which are many fibrous and cloud-like
accumulations.

There is some discrepancy in the measure

ments of fibers, which may be the result of variations in
microscope calibration methods, but the important point
with respect to the present investigation is that there
are simply larger and smaller fibers.

The larger fibers,

which in this study tended to parallel the basal laminas,
were described by Weiss and Jackson as lying perpendicular
to the latter.

Although Hunt made no point of it, his

micrographs also show a tendency of these larger fibers
to parallel the interlayer.
The round amorphous clouds which were described by
Hunt (1961) as transient structures that become less abun
dant toward the end of the inductive phase are here inter
preted as pools of material used in the elaboration of the
adult vitreous body and lens capsule.

At the—same time that-

the amorphous clouds were present in the interlayer,
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amorphous sheets of material were seen that appeared to
result from a sloughing off of the basal laminas.

As

late as stage 16, presumably after the crucial inductive
effect has been imparted to the lens, irregularly shaped
amorphous clouds of material were found in association with
the fibrous components of the interlayer.

All of these

structures stained with about the same intensity and ap
peared to have a similar consistency.

There is evidence

that basal laminas are synthesized by adjacent epithelial
cells (Pierce et al. 1964) and it is, therefore, possible
that all of these amorphous entities of the interlayer are
of similar origin.
The segregation and aggregation of the interlayer
components at stage 16 can be interpreted as cytological
evidence for an impending relationship of these materials.
The interlayer of these young specimens becomes the antrum
in which the adult vitreous body lies and it is known that
this structure consists of numerous fibrils and particles
that are embedded in a ground substance containing hy
aluronic acid (Schwarz 1961).

Therefore, it is possible

that many of the interlayer components are incorporated
into the adult vitreous body.
Cohen (1961) has said that the individual laminas
of the lens capsule fit the vague characteristics of basal
laminas.

If the amorphous belt of material observed at
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stage 16 does result from a sloughing off of the lens's
and optic vesicule's basal laminas, it seems logical that
it could be involved in a laying down of the laminas of
the lens capsule.

However, to conclude more from only

the data presented here would require excessive specula
tion.
Filamentous bundles appearing at the apices of
invaginating lens cells and in association with junctional
complexes were described by Wrenn and Wessells (1969) in
the mouse and are reported here for the first time in the
chick.

The cytology of these structures in the chick ap

pears to be consistent with these authors' findings.

How

ever, it was noted that there may be an absence of these
filaments in the cells at the base of the lens pit and that
microtubules occasionally radiate from junctional complexes
in a manner similar to the filamentous bundles.

The observance of these filamentous bundles in
cells surrounding the periphery of the lens and the edge
of the lens cavity tends to support the idea that these
structures are involved with changes in cell shape.

It

may eventually be proven that microtubules and filaments
of this type bring about the various morphogenetic movements.
However, speculation beyond this point does not seem justi
fied until proof is presented that these structures are
indeed contractile.
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There exists at present a considerable gap between
the biochemistry of polysaccharide substances and what
histochemists are able to interpret as polysaccharide
counterparts of these substances in tissues.

As Pearse

(1968) has pointed out, classification schemes for the
histochemist are necessarily different from those of the
biochemist.

The problem seems to revolve around the

general lack of chemical specificity of the few available
techniques »
Methods for the electron histochemical demonstra
tion of polysaccharide-containing substances are in an
experimental phase of development and results or inferences
derived from their applications are not found in standard
textbooks.

To reduce the possibility of drawing erroneous

conclusions from the use of methods having somewhat un
certain specificities, three separate techniques were used
in the present investigation.
RR is a synthetic inorganic compound which has
«

long been used by botanists for the staining of pectic
substances (Gurr 1965).

Its method of action has not been

well understood and, therefore, it has been regarded as
having limited specificity,

Luft (1966), who is one of

the principle investigators employing RR as a stain in
electron microscopy, believes that there are two principle
impurities in commercial RR, ruthenium brown and ruthenium
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violet.

He feels that ruthenium brown is a storage de

composition product that can be reconverted to RR and that
ruthenium violet is a by-product created during manufacture.
He has proposed a precipitation method of purification which
was used in the present investigation, but in a recent com
munication, he suggested that a crystallization method
(Fletcher et al. 1961) is the only satisfactory means for
purifying commercial RR.

It is logical to assume that

purification of commercial RR enhances the specificity
of reactions in which it is involved.

The lack of purity

of dyes and the general lack of standardization of methods
is reportedly one of the major shortcomings of the histo
chemistry of polysaccharide substances (Quintarelli 1968).
By mixing RR with various natural and synthetic
materials and evaluating their degree of interaction, Luft
(1966) concluded that RR binds to polymers which are sub
stituted with acid residues.

Subsequently, he postulated

that a coupled reaction involving RR and OsO^ occurs in
tissues at sites where acid mucopolysaccharides are ex
po tsed.
The CI procedure is a well known test for the
localization of acidic mucosubstances with the light micro
scope,

It involves the uptake of colloidal ferric hydroxide

in the tissue and the localization of this salt by the pro
duction of ferric ferrocyanide crystals which are colored
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Prussian blue (Pearse 1968). Adaptations of this method for
electron microscopy omit the latter part of the procedure
since colloidal ferric hydroxide particles' are themselves
easily visible as highly electron-dense deposits (Curran
1964, Curran et al. 1965).
CX particles are .apparently bound electrostatically
to the negative charges on ionized mucosubstances (Brad
bury 1968).

It seems that they also can bind to acidic

groups of substances other than carbohydrates and, therefore,
there is considerable controversy in the literature re
garding the specificity of the CI method.

However, Pearse

(1968) feels that the reaction is of value in applied
histochemistry for the demonstration of acidic polysac
charides when considerable areas of a tissue remain nonreactive.
The PASM technique is essentially a modification
of the classical PAS reaction for various carbohydrate and
carbohydrate-containing substances.

Silver tetramine in

the silver methenamine solution replaces the Schiff reagent
and the silver precipitate produced at reactive sites is
visible in the electron microscope.

These reactions in

volving the periodic acid oxidation of 1,2-glycol and
alpha-amino groups to aldehydic groups and their subsequent
reduction by silver or Schiff reagents have long been
viewed with skepticism (Lillie 1954).

it was clear in
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control micrographs that there are considerable non
specific bindings of silver grains to cytoplasmic struc
tures.

Leblond (1950), who has had a great deal of experi

ence with these reactions, has said that a reaction is
specific "only if it fails to occur in controls that have
\

riot been taken through the acid".

Rambourg and Leblond

(1967) feel that the silver reaction primarily detects
glycoproteins.
Two other contemporary methods for the ultrastructural demonstration of polysaccharide-containing
substances utilize colloidal thorium and lanthanum nitrate.
Colloidal thorium behaves much like colloidal iron and
was used by Revel (1964) to stain chondroitin sulfate in
cartilage matrix and by Rambourg and Leblond (1967) to
stain the cell coat of various cells in the rat.

Overton

has employed lanthanum nitrate to stain the intestinal
brush border (1968) and the intercellular substance between
reaggregating cells of chick embryos (1969, 1970).

In

her latest paper (1970) she combined en2ymatic digestions
with lanthanum staining and confirmed the view that this
stain binds to protein-polysaccharides,
In the present investigation the expectation was
that the ground substance of the interlayer would be
stained by one or more of these histochemical methods and
would thereby reveal a polysaccharide-containing substance
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that could account for the adherence of the lens ectoderm
to the optic vesicle during the critical period of lens
induction.

It will be recalled that Weiss and Jackson

(1961) described this interlayer as a firm non-liquid body
which appears with the light microscope as a "PAS-positive
line".

With the greater resolution of histochemical re

action products in the electron microscope a more decisive
answer was envisioned.
However, the results do not point to an obvious
answer to the problem.

The routinely prepared specimens

revealed no detectable density of the ground substance of
the interlayer and all of the histochemical reactions
failed to stain this substance.

All of the amorphous and

fibrous entities of the interlayer showed an affinity for
the stains, a result which was not surprising since Hunt
(1961) has found that the amorphous clouds occurring at
stage 11 were PAS-positive and Mukerjee, Sri Ram and Pierce
(1965) have shown that basal laminas consist of from 12 to
14% carbohydrate.

Thus, on the basis of what is known

about the specificity of these reactions, it was concluded
that the basal laminas, amorphous sheets and clouds, and
fibrous constituents are protein-polysaccharides and that
the reputed ground substance of the interlayer is a nonpolysaccharide containing substance, possibly even water
which is extremely abundant in embryonic tissues.
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Further study employing water soluble embedding
media gave new information regarding the interlayer.

It

was felt that conventional dehydration and* embedding
schedules might dissolve away substances in the inter
layer, thereby creating an artificial separation of the
lens ectoderm and optic vesicle.

If this was the situa

tion, then much of the fibrous and amorphous material
of the interlayer could be regarded as debris created
during rupture.
Although materials may be removed by routine solvents
or even by the GMA embedding media itself, the results
indicate that the ground substance of the interlayer pos
sesses materials in addition to water.

The minimum

distance measured across the interlayer of GMA embedded
specimens was about the same as that measured in routinely
prepared specimens, which shows that the formation of an
artificial separation between the lens ectoderm and optic
vesicle is unlikely.

In addition, a slight density of

the ground substance was noted which was not detectable
by routine methods.

These observations confirm the view

of Weiss and Jackson (1961) that the interlayer is a firm
non-liquid layer of material.
Aldehyde fixation combined with GMA embedding makes
it possible to perform enzymatic digestions directly on tis
sue sections (Leduc and Bernhard 1967).

However, Curran (1964)
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has pointed out that there are many problems associated
with the interpretation of results.

He says that there

may be more than one enzyme in a preparation and that an
enzyme may remove only part of a coordinated substance,
completely changing the solubility of the entire sub
strate.

In this context he says that "proteolytic enzymes

readily release mucopolysaccharides from tissues" and if
proteolytic activity is present in hyaluronidases, the
results could be misleading.

Furthermore, he pointed out

that these enzymes are not strictly substrate specific,
but act on certain linkages.
With these concepts in mind, the interpretation of
results of enzymatic digestions in the current investiga
tion was viewed with caution.

It is known that basal

laminas are 75 to-80% protein and 12 to 14% carbohydrate
(Mukerjee, Sri Ram and Pierce 1965),

If other interlayer

components are of a similar chemical composition it may
be that the carbohydrate moieties are sufficiently exposed
so that they and not the coordinated proteins are removed
by hyaluronidase,

In these circumstances the gross mor

phology of structures containing relatively small amounts
of carbohydrate would probably be unaffected,

This may

account for the fact that amorphous structures of the
interlayer did not display profound alterations when
treated with hyaluronidase.
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The extent of hydrolysis of proteins in reactions
involving pronase has been estimated to be as high as 60
to 90% (Nomoto, Narahashi and Murakami 1960).

If all of

the amorphous entities of the interlayer contain as much
protein as basal laminas, the complete removal of these
structures by pronase digestion is not surprising.
The results of the enzymatic digestions tend to
confirm the view based on the RR, CI and PASM results that
all of the fibrous and amorphous entities of the interlayer
are protein-polysaccharides.

Unless fixation somehow

drastically alters their arrangement in the interlayer,
it seems unlikely that these structures are responsible
for the adherence of the lens ectoderm to the optic vesicle
during the crucial phase of lens induction.

Since the

ground substance of the interlayer failed to stain by any
of the histochemical reactions and was not removed by the
enzymatic digestions, its contribution to this phenomenon
remains unknown.
The observation of dense deposits in the interlayer
following hyaluronidase and ribonuclease digestions and
*

»

following the overstaining and rigorous washing in the
t
PASM reaction suggests that the ground substance has an
adhesive quality.

Since the adult vitreous body is known

to contain large amounts of hyaluronic acid (Schwarz 1961)
and the interlayer becomes the vitreous cavity, it seems
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logical that the ground substance could be hyaluronic acid.
If hyaluronic acid is present in the interlayer, it may
serve as a cementing agent between the two layers.
The results of this investigation neither support
nor refute this supposition.

Hyaluronic acid is not stain

ed by the PAS reaction (Quintarelli 1968) and, therefore,
is probably not stained with PASM procedures.

CI apparently

does stain hyaluronic acid, but the reaction is susceptible
to blockage by protein groups and can be altered by pH
variations (Curran 1964).

RR has not been used to stain

hyaluronic acid but a related compound, chondroitin sulfate,
precipitates when mixed with RR and OSO4 (Luft 1966).
Therefore, to conclude that hyaluronic acid is a cementing
substance between the lens ectoderm and optic vesicle
would be premature at this time, but the possibility re
mains and needs further investigation.

SUMMARY
The observations presented in this study regarding
the nature of the interlayer which separates the lens ecto
derm from the optic vesicle during the early stages of eye
development have led to the following conclusions:
1,) The width of the interlayer is not altered dras
tically by routine methods of preparation for electron
microscopy since no change in width followed embedment in
water-soluble GMA.
2,) By stage 12, the interlayer is filled with amorO
O
phous clouds, amorphous sheets, 140 A fibers and 240 A
fibers.

Amorphous structures appear to result from a

sloughing off of the basal laminas which line both sides
of the interlayer,

All of these structures are possibly

utilized in the elaboration of the adult vitreous body,
lens capsule and cornea,
3,) Basal laminas and amorphous and fibrous constitu
ents of the interlayer are stained by the JRR, CI and PASM
procedures which, on the basis of what is known about these
reactions, indicates that these structures are proteinpolysaccharides.

The partial digestion of many of these

structures by pronase and hyaluronidase enzymes further
supports this view,
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41) Routine Epon embedded specimens reveal no detect
able density of the ground substance of the interlayer when
stained by uranyl acetate followed by lead citrate.

How

ever, embedment in glycol methacrylate results in a moderate
staining of this material which is interpreted as confirma
tion of the view that the interlayer is a non-liquid body.
The ground substance of this body is not stained by the RR,
CI and PASM procedures and, therefore, may not be a proteinpolysaccharide.
5.) The accumulation of dense deposits in the inter
layer suggests that the ground substance of the interlayer
has an adhesive quality.

It is speculated that the ground

substance may contain hyaluronic acid.

Observations unrelated to the interlayer have led
to these conclusions;
1,) The apical cell surfaces of the invaginating lens
placode are underlain by a subcellular band of f ilamentous
bundles.

These intracytoplasmic bundles radiate from

junctional complexes at the level of the zonulae adherentes
in a direction paralleling the apical plasma membranes.
They appear to be absent at the bottom of the lens pit
where, occasionally, microtubules radiate in a similar
manner,

Filamentous bundles also line the intracytoplasmic

surface of the lens cavity and periphery of the lens.
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2.) The cell surfaces at the apex of the head ectoderm
and lens placode are stained by the RR, CI and PASM pro
cedures.

Cell surfaces lining intercellular spaces of the

head ectoderm, lens placode and optic vesicle are stained
by the RR and PASM procedures.

These observations indicate

that these cells have a surface coating which probably
consists of a protein-polysaccharide.
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