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ABSTRACT

Epithelium and mesenchyme are two distinctive cell types. 

Transitions occur between these during embryonic development of 

the mammal and chick. The chick embryo was used as a model 

system to study the cellular and molecular characteristics defining 

an epithelium and mesenchymal cell. A procedure was established to 

prepare serial sections of chick embryos for light microscopy 

observation. A study of this nature may indicate factors involved in 

bringing about such cellular transitions and contribute to our 

knowledge of what occurs in disease processes caused by the loss of 

a cell's typical morphology.

*
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INTRODUCTION AND LITERATURE REVIEW

During early embryonic chick development observable 

transitions occur between two distinct cell types-mesenchyme and 

epithelium. Both epithelio-mesenchymal and mesenchyme-epithelial 

transitions can be observed, providing the opportunity to investigate 

cellular and molecular events which take place during these 

transitions. Some indications of the factors bringing about the 

transformed cellular states could become apparent through a study 

of this nature. Such investigation may further contribute to our 

understanding of what occurs in disease processes in which cells 

lose their characteristic morphology.

Mesenchyme is a morphological term referring to tissues, 

regardless of their germ layer origin, consisting of spongy 

meshwork of spindle-shaped or stellate cells embedded in a 

coagulable ground-substance (1,2). With regards to the mesenchyme 

of mesodermal origin, mesenchymal cells are individual cells that 

migrate away from mesodermal epithelia and aggregate at specific 

target sites in the developing embryo. It is here that these cells 

will differentiate as organ rudiments (e.g., cartilage, bone) or as 

connective tissue for support of epithelial organ components (3,4).

Mesenchymal cells are often intermediate cells, typically 

moving from one location of the developing embryo to another. 

Primary mesenchymal cells of the mammalian and avian embryo 

appear to be polarized, with a leading edge having a ruffled border 

consisting of a mass of microfilaments, extending in varying
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directions and arranged in the form of a lattice (1,3). This 

arrangement appears to be the source of these cell's stellate shape. 

The cells of the primary mesenchyme are connected solely by 

numerous small gap junctions at their trailing end rather than being 

linked in the same manner as epithelial cells (3). Some 

mesenchymal cells have been found to have a somewhat coarser 

chromatin pattern, few mitochondria, and little or no rough 

endoplasmic reticulum (5).

Epithelium, like mesenchyme, is a structural classification of a 

cell type that can be formed from any of the three germ layers (1). 

In nearly every case, epithelial cells are polarized in that they have 

distinct apical and basal surfaces. The morphogenesis of a polarized 

epithelial sheet, the trophectoderm in mammals and the epiblast in 

avians, is the first sign of cellular differentiation in early 

embryonic development (1).

The evidence of cell polarity is not only in the specializations 

of the respective surfaces but also in the arrangement of organelles 

within the cells (5). The polarized epithelial cell phenotype is 

characterized by (i) the distribution of plasma membrane proteins 

and lipids to three distinct surface domains-apical, basal and 

lateral; (ii) tight junctions that separate apical and lateral surface 

domains; (iii) cohesive cell-cell interactions formed by cell 

adhesion molecules (CAMs); and (iv) the polarized distribution of 

cytoplasmic organelles and the cytoplasmic and cortical 

cytoskeleton (6).

Many epithelial cells have ways of confining membrane proteins 

to specific domains in its lipid bilayer surfaces; for example,
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epithelial cells lining the gut have certain plasma membrane 

enzymes and transport proteins confined to their apical surfaces 

while others to the basal and lateral surfaces (7). This non-random, 

asymmetric distribution of membrane proteins in polarized 

epithelial cells is characteristic of the vectorial functions of the

• particular epithelium. Proteins which are specific and essential to

the polarized epithelial cell phenotype are usually confined to the 

apical membrane domain (6,7).

The induction of cell-cell contact results in the rapid formation 

of the tight junction and consequent demarcation of the forming 

apical and baso-lateral domains of the plasma membrane (6). Tight 

junctions or zonulae occludens are composed of thin bands that 

completely encompass a cell and are in contact with thin bands of 

adjacent cells (8). These junctions appear to be regions of the 

lateral membrane below the apical microvillar surface where 

adjacent cells converge and fuse. There may be multiple sites of 

fusion in this region separated by short intervals in which the 

opposing membranes are slightly separated (5). Tight junctions 

serve in part to maintain the separation of both protein and lipid 

molecules, as well as in maintaining the structural integrity of the 

epithelium (5,7).

There is also a characteristic distribution of cytoplasmic 

organelles and components of the cytoskeleton in polarized 

epithelial cells. The cytoplasm of these cells contain internal 

reinforcements, cytoskeletons, composed of aggregated bundles of
* actin and intermediate filaments as well as microtubules. These are

arranged in a complex, three dimensional meshwork (4,5). The
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microtubules are oriented along the apico-basal axis while the actin 

microfilaments and the cytokeratin intermediate filaments are 

associated with various cell-cell and cell-substratum contacts. The 

major cytoplasmic organelles of an epithelial cell assume a 

supranuclear or subluminal position which aids the cell in carrying 

out its various functions.

Epithelial cells rest on a continuous basal lamina which is 

directly adjacent to the basal plasma membrane of the cells. Basal 

laminae typically consist of two layers; (i) an electron-lucent layer 

known as the lamina lucida , which is found adjacent to the basal 

plasma membrane of the cells, and (ii) an electron-dense layer 

termed the lamina densa, just below. The basal lamina is largely 

produced by the cells which rest upon it and is seen as a specialized 

extracellular matrix composed mainly of type IV collagen, 

proteoglycans, and laminin (7).

The establishment of the polarized epithelial cell phenotype is a 

multistage process involving the reorganization of the cell surface 

and cytoplasm. In developing epithelia, these processes seem to 

depend on the expression of proteins that mediate cell-cell and 

cell-substratum contact. Generation of the apical pole is a rapid 

process induced by initial cell-cell or cell-substratum contact. The 

formation of these membrane domains appears to involve 

recruitment of proteins from preexisting cytoplasmic and membrane 

pools of proteins (6).

In embryonic development, transitions occur as mesenchyme is 

converted to epithelium and vice versa. Such epithelio-mesenchymal 

and mesenchymo-epithelial transitions occur in gastrulation and
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later in organogenesis. Examples include the generation of the 

primary mesenchyme and the neural crest, conversion of vascular 

mesenchyme to endothelium, formation of the nephron, and 

formation of the somites and subsequent generation of secondary 

mesenchyme from the sclerotome.

* Among the changes involved in these transitions are the

reorganization of cytoplasmic organelles as well as changes in the 

cell membranes. In mesenchymo-epithelial transitions many 

cytoplasmic organelles such as the Golgi apparatus and endoplasmic 

reticulum assume a supranuclear position or subluminal position. In 

mesenchymal cells these same organelles are more randomly 

distributed (1). The microtubular structures become aligned along 

the apico-basal axis where as they are found extending the leading 

edge of mesenchymal cells into a stellate pattern. Tight junctions 

which are formed between epithelial cells during 

mesenchymo-epithelial transitions must be lost during the reverse 

process.

What signals these changes to occur? What directs the 

reorganization of the cytoplasmic organelles? How is it that 

particular proteins produced in the endoplasmic reticulum and 

processed and packaged in the Golgi come to be placed at specific 

domains within the plasma membrane of epithelial cells? Are these 

epithelial membrane proteins maintained in their locations during 

and following mesenchymalization? Answers to these basic 

questions may increase our understanding of cell structure and cell 

function as well as the relationship between structure and function. 

Providing answers to these questions will further our understanding
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of these transitions and may add insight into disease processes and 

cellular dysfunctions arising from alterations in structure due to 

environmental factors or genetic mutations. Such alterations at 

any stage in the development of the epithelial phenotype may have 

dire effects on tissue function and consequently for organism 

survival. For example, 85% of human tumors are carcinomas that are 

derived from epithelia, and many carcinomas are characterized by 

morphological changes in cell polarity. In other diseases, loss or 

disorganization of whole membrane domains has been found. For 

example, in some small intestine enteropathies the loss of the 

apical membrane brush border and the appearance of large 

intracellular vesicles containing brush borders have been observed 

(6).

The present study focused on somite formation and 

differentiation in the embryonic chick to compare the histological 

features of both mesenchymal and epithelial cells. The sclerotome 

of the embryonic chick somite was the center of observation due to 

the epithelio-mesenchymal and mesenchymo-epithelial transitions 

which occur in somite formation and subsequent differentiation. 

The thrust of my work is preliminary to further investigation of the 

intracellular changes and cell surface changes which occur in 

mesenchymal and epithelial cells as they differentiate from one to 

the other. I have attempted to work out and identify trouble spots in 

the procedures necessary to prepare microscope slides of the 

differentiating somites.

The initiation of somite formation in chick embryos can be 

traced to the formation of the three primary germ layers-ectoderm,
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endoderm and mesoderm. Their formation occurs during 

gastrulation. Special attention was given to the mesoderm because 

somites are of mesodermal origin. All of the germ layers originate 

from the cells derived from the epithelial epiblast layer of the early 

embryo (1,3). The presumptive mesoderm cells pass through the 

primitive streak and spread outward forming the definitive 

mesoderm. In moving to the primitive streak the presumptive 

mesodermal cells retain their epithelial nature. However, when the 

mesoderm emerges from the primitive streak it consists of 

migrating cells arranged as a mesenchymal layer, called the 

primary mesenchyme (1).

Once the mesoderm has completed its outward spread from the 

primitive streak, it again becomes organized as an epithelium (1). 

The early somites are structures included in this new organization. 

Initial somite structure consists of a central cavity, which may be 

partially occluded with cells, cilia are present on the cells' apical 

surfaces, and a basal lamina around the basal surfaces of these cells 

(1). At this point in somite development the constituent cells form 

an approximately columnar epithelium with the cells joined at their 

baso-lateral ends and apical ends by newly formed tight junctions 

(1.4).

The next major change in the somite's structure is the 

reflection of an inductive influence emerging from the notochord and 

neural tube (1). The ventromedial wall of the somites lose their 

epithelial characteristics forming secondary mesenchyme, which 

migrates toward the notochord and neural tube (3). This becomes 

designated as the sclerotome of the somite. During the formation of
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the sclerotome, however, the dorsal and lateral parts of the original 

outer cell zones of the somite maintain their definite boundaries and 

epithelial characteristics forming a new inner layer called the 

myotome and a lateral layer called the dermatome (1,4,9). Cells of 

the dermatome give rise to portions of the dermis while those of the

• myotome are the sources of the skeletal muscle of the body wall and

limbs. The sclerotomal cells are the sources of the axial skeleton; 

vertebral column, ribs, and scapulae (1,10). Thus, in the early 

development of the chick embryo, mesenchymo-epithelial and 

epithelio-mesenchymal transitions can be observed.

*
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MATERIALS AND METHODS

Fertilized chicken eggs were obtained from Carolina Biological 

Supply Company. Upon arrival of the eggs an electric styrofoam

• incubator was activated. The incubator was allowed to run three to

four hours prior to egg introduction so that a temperature of 38.0°C 

± 0.5°C could be established and maintained. With the incubator 

used, fluctuations in temperature of 0.5°C were frequently noted.

Eggs were placed in the incubator after being marked with a 

pencil. The incubation process for all eggs consisted of forty-nine 

hours and two rotations of 180° each twenty-four hour period. By 

rotating the eggs, adhesion of the extraembryonic membranes to the 

inside of the shell was minimized as the embryo rotated within the 

shell. Eggs not immediately placed in the incubator were stored in 

the delivery package in a room ranging in temperature from 23°C to 

18°C (at night) until their incubation.

Opening of Eggs

Prior to the termination of incubation the eggs were tilted on 

their small ends so that the blunt end of the egg was uppermost. 

This caused the embryos to rotate in the shell so that it was just 
beneath the air space at the blunt portion of the egg shell. A 

physiological saline solution (0.9%) was prepared by dissolving 9.0g 

NaCI in 1000ml of distilled water. The temperature of the solution

9 was brought to 39°C-42°C so that it was comparable to the

incubation temperature of the eggs.

Following the desired incubation period, one egg at a time was

removed from the incubator and held upright in a 4-in diameter 
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finger bowl half filled with the prepared saline solution. While 

holding the egg with its blunt end above the surface of the solution, 

a pair of blunt forceps was utilized to break the shell above the air 

sac. By using a smaller pair of forceps, the shell and shell 

membrane covering the developing embryo were picked away until 

the entire blastodisk, including its vascularization, could be seen. 

At this point, a small pair of scissors was employed in cutting 

around the blastodisk just outside of the predominate sinus 

terminalis, thus freeing it from the underlying yolk.

Following liberation of the blastodisk and embryo from the yolk 

the blastodisk with the attached embryo was transferred to a watch 

glass containing a small amount of the saline solution. The transfer 

was achieved by holding the watch glass adjacent to the blastodisk 

and then tilting the egg towards the watch glass thus allowing the 

embryo to float over to the watch glass. To aid in the success of 

the transfer one should make sure that the blastodisk is completely 

cut free from the underlying yolk.

Any yolk or albumin which was also transferred to the watch 

glass was subsequently pipetted off and discarded. The watch glass 

was then rotated in such a manner that the blastodisk would spread 

out appearing as it did in the uncut egg.

Filter paper (S&S No. 597) was used to prepare rings having an

outer diameter great enough to cover the complete blastodisk and a

center hole large enough to allow the embryo to be uncovered. These

rings prevented the excessive shrinkage of the extraembryonic

blastoderm during fixation, the next step in the preparation of the

embryonic tissue, which could result in the blastoderm binding to

the embryos and interfering with later microscopic observation. 
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Fixation

The filter paper rings with the attached embryos were 

immersed in the fixative solution. Fixation involved the use of a 

chemical fixative which will "fix" the constituents of cells and of

> the tissues in a physical and chemical state so they will withstand

subsequent treatment with various reagents with minimal loss of 

character and minimal significant distortion or decomposition (11).

The fixative used was Bouin's fixative. This was prepared 

according to the instrucions given in Animal Tissue Techniques: (1) 

150-ml of a saturated picric acid solution were prepared by mixing 

solid picric acid in distilled water until saturation; (2) this was 

then mixed with 50-ml of formalin and 10ml of glacial acetic acid. 

The fixative was stored at room temperature.

The fixative was poured into the watch glasses containing the 

embryos and left for no more than three to four hours. Bouin's 

fixative is yellow in color and thus imparted a yellow color to the 

embryos. Due to this condition, a step was added in which the 

embryos were washed with 50% ethyl alcohol to aid in the removal 

of the color following fixation.

Dehydration

Following fixation the embryos were subjected to a series of 

dehydration steps to remove both intra- and extracellular water 

from the tissue so that it could later be replaced by the embedding 

medium.

The Dehydration series consisted of graded alcohols ranging 

from 50% to 100% in the following order: 50%, 70%, 80%, 90%,

95%, and finally two baths in 100% ethyl alcohol. Each alcohol 
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was sequentially added to the watch glasses holding the embryos 

after pipetting off the previous reagent. Each embryo was subjected 

to each of the alcohols for periods of thirty minutes which was 

sufficient for each alcohol to penetrate the embryonic tissues. Once 

the embryos were introduced to the 80% ethyl alcohol the entire 

tissue preparation had to be carried out to completion of the 

embedding of the embryos into paraplast blocks. In contrast, the 

embryos could remain in the 70% ethyl alcohol indefinitely without 

damage to its tissues (11). It was important that the embryos were 

not subjected to the 100% alcohol for longer than one hour in order 

to avoid excessive and possible irreversible shrinkage of the 

extraembryonic membranes and embyonic tissues.

The various grades of alcohol were prepared from dilutions of 

99.9% pure ethyl alcohol with the appropriate amounts of distilled 

water. Following their preparation, they were stored at room 

temperature in 200-ml medicine bottles with screw caps. Each 

alcohol was changed as needed or at least once every week, which 

ever was sooner, to ensure their effectiveness as dehydrating 

agents. The filter paper rings were removed from the embryos prior 

to immersion in the second absolute alcohol solution.

Clearing

After the second absolute alcohol bath, a clearing agent,

toluene, was added in three consecutive baths for thirty to sixty

minutes. Clearing, also called dealcoholization, replaces the alcohol

in the tissues with a fluid that will dissolve the embedding

medium (paraplast) with which the tissues must later be

impregnated. Toluene was chosen as the clearing agent because it 
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has properties similar to other frequently used agents, yet it does 

not cause excessive hardening of tissues (11).

Impregnation and Embedding

In preparing the tissues for sectioning the next procedure was 

impregnation, a process which involved the infusion of the embryos 

with the paraplast embedding medium. Paraplast is a mixture of 

highly purified paraffin wax and several synthetic plastic polymers. 

It has a characteristic melting point of 56-57°O. Paraplast offers 

an advantage over paraffin wax in that it gives more uniform blocks 

and lends greater ease to the process of sectioning.

Impregnation fills the embryos with a medium that will pervade 

all natural cavities, spaces and interstices and that will set to a 

sufficient firmness to allow sectioning with minimal distortion or 

alteration of spatial relationships of the tissue and its cellular 

elements (11).

In this procedure, paraplast chips, stored at room temperature, 

were added to three clean 200-ml beakers which were subsequently 

placed in a warming oven with a temperature of at least 57°C, 

sufficient to cause melting of the solid paraplast. Once the 

paraplast reached a molten state, the embryos were transferred to 

clean 1.5 inch diameter Pyrex dishes. Enough molten paraplast to 

easily cover the embryos was poured into the Pyrex dishes which 

were then placed in the same oven for one hour. The embryos were 

then removed from their present dishes and placed in a fresh dish of 

molten paraplast where they remained for an additional two hours.

Embedding, the next procedure carried out, involved surrounding

1 3
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the embryos with a block of paraplast so that the specimens could 

be handled and fixed to the microtome block. Two L-shaped blocking 

out molds in conjunction with a square, 2-in metal plate, on which 

the molds rested, were used in the embedding procedure. An

> appropriate block size was chosen by sliding the lead molds with

respect to one another. The formed compartment was then filled 

with fresh molten paraplast and allowed to sit for approximately 30 

seconds in order to form a semi-solid paraplast base to the block. 

Once a base had formed, blunt forceps were utilized in transferring 

one embryo to each molten block. Special care was required in 

introducing the embryos to the molds so that they could be properly 

aligned in the blocks and the blocks accurately marked with regards 

to the exact position of the cranial and caudal ends of the embryos. 

This labeling task was important so that in sectioning the trimmed 

blocks could be precisely oriented on the microtome so that serial 

transverse sections rather than oblique or saggital sections could be 

prepared.

The paraplast blocks were left overnight at room temperature 

once the embryos had been introduced. The following day the molds 

were removed and the blocks prepared for sectioning.

Sectioning

Prior to sectioning, the paraplast blocks were trimmed to 

remove excess paraplast and form surfaces capable of being fixed to
* the microtome block holder as well as to create uniform section

ribbons when sectioning. The first block was trimmed into a 

rectangular block with a leading face of 1.90cm and a height of

1 4



1.0cm. To generate more uniform blocks and further reduce the 

amount of residual paraplast on the mounted slides, the blocks 

remaining to be sectioned were trimmed in the shape of a trapezoid. 

Two to 3-mm of paraplast was left between the leading face of the

♦ paraplast block and the cranial-most section of the embryo.

A trimmed paraplast block was then fastened to the microtome 

block holder by melting a small amount of paraplast on the holder 

and then pressing the trimmed block, its face closest to the caudal 

end of the embedded embryo, to the molten paraplast on the holder. 

As the molten paraplast solidifies, it creates a strong adhesion 

between the block face and the block holder. The block holder with 

attached block was then fixed in position in the microtome.

A Spencer rotary microtome was used to section the embryos. 

Valet Autostrop razor blades, having a blade edge 3.81cm in length, 

were placed in the blade mount assembly. The assembly was 

adjusted to produce a blade angle of 8.0° from vertical while the 

thickness of sections varried from 6.0p.m to 8.0p.m.

The blade mount was then moved in close proximity of the block 

so any difference in angle between the blade edge and the block's 

leading lower edge could be corrected for by adjustment of the 

blade. It is important that these surfaces are as close to parallel as 

possible so that straight ribbons are attained.

After correcting for any angle differences, the block was honed 

by sectioning until the leading edge of the embryo was a few
*

micrometers from the block face. The blade mount was adjusted 

left or right giving an unused portion of the blade for sectioning of 

the embryo.

It was found that slow, even strokes of the microtome wheel 
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generated the best ribbons in that each individual section 

experienced less compaction than when faster strokes were 

employed. Ribbons of 15 to 20 sections were created prior to 

removal from the microtome and placement on a slide. This process 

was continued beginning at the approximate cranial most sections of 

the embryo until judged that the remaining embryo was at or caudal 

to the posterior intestinal portal. When the initial cuts through the 

embryos were made, six to nine more sections were cut prior to 

transferring these first sections to the first slide. A fine bristled 

camel hair brush was used in picking up and holding extending 

section ribbons as well as in removing residual paraplast from the 

knife edge and block.

Mounting

Prior to removing any given ribbon from the microtome a 

standard, non-corrosive, precleaned, 25x75mm slide was wiped with 

lens paper and labeled according to the chronological order of 

sectioning so that A represented the cranial most sections, B the 

next cranial most sections, etc.

As soon as a label was applied to a slide a few drops of distilled

water were added to the slide's surface. The water enables the

paraplast ribbon to spread out reversing to some degree the

compaction incurred during sectioning. The ribbon was then removed

from the microtome by supporting the initial sections of the ribbon

with the left index finger while using the camel hair brush to break

the connection between the newest cut section and the knife blade.

Suspending the earlier cut sections above the slide, the most recent

section was applied to the far right of the slide. Progressively older 
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sections were then allowed to drop down, without breaking of the 

ribbon, until they met with the water on the slide which pulled the 

sections to the slide surface. Any of the ribbon extending beyond 

the usable portions of the slide was cut away and discarded.

When a slide was occupied by its capacity of ribbon it was 

directly placed on a warming tray heated to selection six of the 10 

possible "Lo" to "Hi" temperature settings. Slides remained on the 

warming tray thirty to sixty minutes allowing enough time for both 

the water to evaporate and concurrently for the tissue sections to 

adhere to the glass surface. After resting on the warming tray for 

their appropriate lengths of time the slides were placed in metal 

slide racks which were placed on the warming tray.

It should be cautioned that if too high a temperature is used for 

the warming tray tissue sections tend to float on the paraplast 

destroying the serial arrangement of the sections. Following 

sectioning and the preparation of slides with suitable tissue 

samples the sections were stained for microscopic observation.

Preparation of Staining Chemicals

A routine hematoxylin-eosin stain was chosen for use. For the 

present study a stock solution of Delafield's hematoxylin was used. 

Four milliliters of glacial acetic acid were added following 

instructions on the bottle. The preparation of a stock solution of 

Delafeild's hematoxylin is described in Animal Tissue Techniques.

A 1.0% alcoholic eosin solution, used as the counter stain, was 

prepared by dissolving 1.0g eosin Y C.l. 45380 into 20.0ml distilled 

water. Eight milliliters of absolute ethyl alcohol was then added 

(11).
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Scott's solution was prepared as follows: 2.0g of sodium 

bicarbonate and 20.Og magnesium sulfate were dissolved in 

100.0-ml distilled water. A pinch of thymol was then added to 

retard water molds (12).

< The above solutions were filtered into 125-ml stock bottles

with screw on caps.

Staining

Prior to the initiation of the staining procedure, Coplin jars 

having grooves for three to five slides and a volume capacity of 

approximately 75-ml were filled with the required reagents and 

arranged in the order that they would be used. When the various 

solutions were to sit for periods of greater than 10 hours, they were 

sealed with parafilm to minimize evaporation.

Procedure

Staining was performed according to the protocol given in 

Christina Nelson's thesis (adapted from Animal Tissue Techniques). 

The procedure is outlined in the Appendix.

There are a few procedural notes that should be made. First, to 

provide running water, Coplin jars holding the slides were placed 

under a soft stream of tap water so that the older water would spill 

out while being replaced with fresh water. Second, the 70% and 90% 

alcohols in the "dehydration/mounting" portion of the procedure 

were changed for fresh solutions after two to three sets of slides, 

each set consisting of three slides, had been run through them. 

Finally, the mounting medium employed was Permount. When the 

cover slip was applied to the slide, a toothpick was used to apply
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gentle pressure to the upper surface of the cover slip thereby 

removing any air bubbles present among the mounting medium and 

to position the cover slip in its desired place.

After allowing at least two days for the mounting medium to 

dry the slides were viewed with a binocular light microscope using 

a 20X, 40X, or 100X-oil immersion objective lens. Selected fields 

were photographed using Panatomic X film in a Nikon AFX-II camera 

system.

*
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RESULTS AND DISCUSSION

Methodology

With respect to the methods employed for removal of the 

embryo from the egg, there are some cautions. Once the blastodisk 

is cut free from the underlying yolk, the egg should be held in a fixed 

position until the next step is ready to be performed. If the egg is 

tilted then the embryo and blastoderm can be rotated under the yolk 

and possibly lost in the other components of the egg. If this does 

occur, the embryo can be recovered but not without difficulty. 

Another method that may create more ease in the transfer of the 

liberated embryo is to use a small spoon to lift the detached 

blastodisk from the egg to the watch glass.

Morphology

Mesenchymal cells are found in various regions of the developing 

embryo yet all have a characteristic stellate or spindle morphology. 

Evidence for this is seen in head mesenchyme as well as the 

sclerotomal mesenchyme migrating toward the notochord (Figures 1 

and 2). These cells are interconnected by slender, dendrite-like 

processes that appear to be cytoplasmic extension of the cells 

(Figure 3). The nuclei of these cells occupy most of the cell volume 

suggesting a peripheral location for other cytoplasmic organelles. It 

is very likely the cytoskeletal elements (e.g., microtubules) of these 

cells are located in the cytoplasmic extensions.

Those cells that migrate away from the sclerotome become

associated with the notochord and neural tube. Their associations

are seen to be through very fine strands, seemingly cytoplasmic 
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extensions. These interconnecting strands seem to interact with the 

basement membrane of the neural tube and notochord. Some of the 

mesenchymal cells come in direct contact with these structures as 

though they are bound (Figures 4 and 5).

The differentiating embryonic chick somite can be used to study 

• the differences between mesenchymal cells and epithelium. It

serves as a useful model due to the presence of epithelium in the 

dermatome and myotome, while the sclerotome is formed from the 

disaggregation of an epithelium thereby generating mesenchymal

cells (Figures 6, 7 and 8).

Epithelium is also found in a number of places in the developing 

embryo. Characteristic epithelia can be seen in the mesonephric 

duct as well as the myotome and dermatome (Figures 7 and 9). In an 

epithelium, cells are in close juxtaposition with one another in a 

regular arrangement. The cells of the myotome appear to be more 

regularly arranged and in closer association than those of either the 

dermatome or sclerotome (Figure 10). This suggests that the 

structures derived from the myotome are positioned following the 

placement of structures of dermatomal and sclerotomal origin.

Some cells of the myotome and sclerotome were observed in the 

mitotic state demonstrating the proliferation of both epithelial and 

mesenchymal cells (Figure 11). As the cells in an epithelium 

proliferate the distinct borders (e.g., basement membrane) become 

less definite (Figure 12).

The proliferation of cells of the various regions of the somite

may, in part, be responsible for bringing the respective cells closer

to their final location where they will form their final fates. This

also raises the question of whether epithelial cell division, at some

point, generates mesenchymal cell precursors, or does each 
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individual epithelial cell undergo a transformation to a mesenchymal 

state without the involvement of division, or is it both?

The fact that mesenchymal cells are predominately occupied by 

the nucleus gives testimony to the suggestion that there is a 

reorganization of cytoplasmic constituents. This reorganization is 

reflected in the change in cell shape from the columnar or cuboidal 

epithelial cell shape to the characteristic stellate morphology of 

mesencymal cells. Because of the relation between cell shape and 

cell function, it can be assumed that mesenchyme has a different 

function than the epithelium from which it was derived and vice 

versa.
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APPENDIX

Hydration/Staining series:
1. xylene (2 changes) 2-3 minutes ea
2. absolute alcohol 2-3 minutes
3. 95% alcohol 2-3 minutes
4. 70% alcohol 2-3 minutes
5. running water (tap) 3-5 minutes
6. hematoxylin, Delafield's 2-5 minutes
-3.5 minutes was the average time employed.
7. Running water 3-5 minutes
8. Scott's solution 3 minutes
9. running water 3-5 minutes

10. counterstain, eosin Y C.I. 45380 1 minute

Dehydration/Mounting series:
11. 70% alcohol 1 or more dips
12. 95% alcohol a few dips
13. absolute alcohol 3 minutes
14. absolute alcohol 2-3 minutes
15. absolute alcohol-xylene 2-3 minutes
16. xylene 2-3 minutes
17. xylene (separate bath) 2-3 minutes
18. Mounting medium; sections were kept moist with xylene

during this process. The cover glasses were then added.
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Table of Symbols

d.............................. dermatome

m............................ myotome

n............................. notochord

nt..............................neural tube

s............................. somite

sc..............................sclerotome
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PLATE I

Figure 1. Head mesenchyme depicting characteristic stellate shape 
(340X).

Figure 2. Sclerotomal mesenchyme en route to the notochord 
(875X).
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PLATE II

Figure 3 Figure 4

Figure 3. Sclerotomal mesenchyme showing intercellular connections (arrow) (875X). 
Figure 4. Association of mesenchymal cells of sclerotome with the notochord (875X).

*
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PLATE III

Figure 5. Association of sclerotomal mesenchyme with the 
notochord and neural tube (875X).

Figure 6. Wide view of system of study. Focus is on the 
differentiated somite (175X).
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PLATE IV

Figure 7. Section through 49 hour chick embryo showing system of 
study (175X).

Figure 8. Differentiated somite of the 49 hour chicken embryo 
(340X).
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PLATE V

Figure 9. Mesonephric duct showing a characteristic epithelium 
(arrow) in the embryo (340X).

Figure 10. Dermatome and myotome showing their epithelial nature 
as opposed to the mesenchyme of the sclerotome (875X)
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PLATE VI

Figure 11. Mitotic divisions in cells of the myotome and sclerotome 
(arrows) (875X).

♦
Figure 12. Disorganization of the myotome borders (875X).
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