Gastrulation

The end of the embryonic period, all major organ systems have begun to develop, althou

functionality may be minimal. The development of the cardiovascular system is essential particular
because diffusion of nutrients by the eartgroplacental (or placental insufficiency is the failure of
the placenta to deliver sufficient nutrierto the foetus during pregnanayjculation can no longer
satisfy the nutritional needs of the rapidly developing embryo. During the embryonic peldaty
of the embryo occurs in two distinct plan€aniocaudal folding is caused by the growth of the
central nervous system (CNS) and #imenion, whereas lateral folding is caused by the growth of the
somites, amnion, and other components of thedbberdy wall. Both craniocaudal folding and lateral
folding change the shape of the embryo from a-dwoensional disk to a threBmensional cylinder.
By the end of week 8, the embryo has a distinct human appearance. During the embryonic period,
basic segmentation of the human embryo in the craniocaudal direction is controlled by the Ho
(homeobox) complex of genes. The development of each individual organ system is reviewed
upcoming chapters. However, it is important to realize that all orgamsystevelop simultaneously

during the embryonic period.
A.

Gastrulation is the process that establishes the three definitive germ layerslof/o (ectoderm,
intraembryonic mesoderm, and endoderm), thereby forming a trilasmmanyonic disk by day 21 of
development. These three germ layers give rise to all the tissueggants of the adult. Gastrulation
is first indicated by the formation of the primitive streaiused by a proliferation of epiblast cells.
The primitive streak consists of the primitivegve,primitive node, and primitive pit. Located caudal
to the primitive streak is the future site of @eus, known as the cloagaembranewhere epiblast
and hypoblast cells are fused. The ectodemtraembryonic mesoderm, and endoderm of the
trilaminar embryonic disk all are derivddom the epiblast. The terrmtraentbryorticmesoderm
describes the germ layer that forms dunmgek 3 (gastrulation) in contrast to tBetraembryonic
mesodermwhich formed during week 2Zntraembryonianesoderm forms various tissues and organs
found in the adult, whereas extraembryanesoderm is involved in placenta formation. In this regard,
we will not use the terfintraembryonicmesoderm™ when discussing tissue and organ development

of the adultm laterchapterdut instead shorten the term to only "mesoderm."
B.
Changes involving intraembryonic mesoderm (Figu&) 4

1. Paraxial mesoderm is a thick plate of mesoderm located on each side of the midline. Parax
mesoderm becomes organized into segmémown as somitomeres, which form in a
craniocaudal sequence. Somitomerésdo not form somites but contribute mesoderm to the

pharyngeal arches. The remaining somitomeres further condense in a craniocaudal sequenc



form 4244 pairs of somites. Thadt pair of somites forms on day 20, and new somites appear
at a rate of 3/day. The somites closest to the caudal end eventually disappear to give a fit
count of approximately 35 pairs of somites. The number of somites is one of the criteria fo
determning age of the embryo. Somites further differentiate these components:

a. Sclerotome forms the cartilage and bone components of the vertebral column.

b. Myotome forms epimeric and hypomeric muscles.

c. Dermatome forms dermis and subcutaneous arslarof
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Figure 4-1. Schematic representation of gastrulation. Embryoblast in upper left is for orientation. (A) Dorsal
view of the epiblast. (B) Dotted arrows show the migration of cells through the primitive streak during gastru-
lation, (C) Cross section showing the migration of cells that will form the intraembryonic mesoderm and dis-
place the hypoblast to form endoderm. Epiblast cells begin to migrate to the primitive streak and invaginate
into a space between the epiblast and hypoblast. Some of these migrating epiblast cells displace the hypoblast
to form the definitive endoderm. The remainder of the epiblast cells migrate laterally, cranially, and along the
midline to form the definitive intraembryonic mesoderm. After the formation of the endoderm and intraem-
bryonic mesoderm, the epiblast is called the definitive ectoderm.

2. Intermediate mesoderm is a longitudinal dorsal ridge of mesoderm located betwé¢eamathal
mesoderm and lateral mesoderm. This ridge forms the urogenital ridge, whiablved in the formation

of the future kidneys and gonads.

3. Lateral mesoderm is a thin plate of mesoderm located along the lateral sidesewhlbingo. Large
spaces develop in the lateral mesoderm and coalesce to form the intraemlugelioim. The

intraembryonic coelom divides the lateral mesoderm into two layers:



a. Intraembryonic somatic mesoderm (also called somatopleure)

b. Intraembryonic visceral mesoderm (also called visceropleure or splanchnopleure)

4. Notochord is a solid cylinder of mesoderm extending in the midline of the trilaemmamyonic disk
from the primitve nodeto the prochordal plate. The notochord hasuaber of important functions,
which include the following:

a. It induces the overlying ectoderm to differentiate into neuroectoderm to form thepiateal

b. It induces the formation of eaghrtebral body.

c. Itforms the nucleus pulposus of each intervertebral disk.

5. Cardiogenic region is a horsestab@mped region of mesoderm located at the cranialoéritie
trilaminar embryonic disk rostral to the prochordal plate. This region is indatvine formation of the

future heart.
6. Specific derivatives of mesoderm are indicatable 41
C.

Changes involving ectodermThe major change involving a specific portion of ectodisrits induction
by the underlying notochord to differentiate into neuroectoderm and neurateitesthereby forming
the future nervous system. Specific derivatives of ectoderm are indicatatlen41.

D.

Changes involving endoderm Specific derivaves of endoderm are indicated
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Figure 4-2. Schematic representation of changes involv-
ing intraembryonic mesoderm. Picture centered above is for
orientation. (A) Cross section at day 19. (B) Cross section
at day 21, with arows indicating lateral folding of the
embryo. (C) Cross section showing differentiation of the
somite.







