Embryology

Basic Body Plan

1. Outer tube – Ectoderm; becomes epidermis of skin

2. Central tube - Endoderm; becomes GI, liver, lung and the lining epithelia of most viscera

3. Body cavities -  Mesoderm; pleural, peritoneal and pelvic cavities; the mesodermal tissue holds the gut into the middle of the cavity by means of the mesentary and mediastinum
4. Neural tube -  Ectoderm; becomes the brain, spinal cord and peripheral nervous system

(adult body form with 4 tubes and 3 major tissue types (endo, meso & ecto)

Pre-implantation/attachment Development

Proliferation – increase # of cells

1. Cleavage – division of zygote cytoplasm into increasingly smaller cells. Size of individual cells get smaller as the total size of the mass of cells stay same
2. Compaction – epithelialization of the outer cells of the embryonic ball; a flattening of the round group of cells

3. Cavitation – formation of a cavity = blastocoel within the blastocyte; results in two tissue types: inner cell mass  which forms the placenta and embryo cells & trophectoderm which will form the placental tissues

4. Hatching – in the uterus, the emb hatches from the zona pelicuda
5. Formation of the yolk sac and amnion – bilaminar embryonic disc leads to the formation of a new cavity and a new tissue layer. Epiblast  from the ICM is the 2nd cavity within the amnionic cavity and is the only tissue which will continue on as the embryo body form, all other tissues will contribute to the placenta only.

6. Attachment or implantation – elongation of the yolk sac and expansion of amnion and attachment or implantation occurs; see a brief proliferation of cells which will become the emb body form 

Gastrulation 

Process by which epiblast becomes a trilaminar disc; one tissue (epiblast) ( three tissues: ectoderm, mesoderm and endoderm by the process of invagination of cells along the central longitudinal line = primative streak
· Mouth – endoderm and ectoderm are attached (no mesoderm can get btw these two layers here) therefore there is opening to the outside

· Cranial to the ‘mouth’ is the septum transversum which will form the heart and diaphragm (will migrate caudal to mouth during head and tail folding)

· Notocord – mesoderm that migrates straight forward (cranially) and eventually extends from the mouth to the anus (the mesoderm exits the primative streak and divided the planes into left and right as it moves cranially)

Neurulation

Formation of a tube from the ectoderm overlying the notocord

· Ectoderm cells dorsal to notocord thicken to form the neural plate
· Ectoderm of neural plate begins to curl – and continues to do so until the edges meet

· Neural crest cells migrate away from the point of fusion of the two edges of the neural tube to form the PNS

· At the same time as the neural crest cells are migrating; the paraxial mesoderm packs into rounded structures called somites – these somites migrate out with the neural crest cells to form the musculoskeletal system

· The somites form along each side of the notocord – showing periodicity – ‘segmentation’ of mesoderm

· Closure of the neural tube begins in the middle (head and neck region to be) and ‘zips’ toward the cranial and caudal poles

· The neural tube also segments (although not as visibly) and cells of the neural tube and somites migrate together in lateral stripes ( vertebrae, ribs, dermatomes & myotomes

Now at this point we have multiple tissue types:

· Surface ectoderm ( epidermis

· Neural ectoderm

· Neural tube ( brain and spinal cord

· Neural canal ( ventricles of brain and spinal cord

· Neural crest ( peripheral NS + head skeleton, pigment cells, part of the heart and great vessels, neuroendocrine cells

· Paraxial mesoderm ( somites ( musculoskeletal system
· Mesoderm + ectoderm = body wall/parietal layer

· Mesoderm + endoderm = visceral layer

Head and Tail Folds

Head and tail folds roll the emb to form the outer ectoderm, inner endoderm and mesodermal body cavity tubes simultaneously

Preamble = formation of the intraembryonic coelom in the lateral plate mesoderm

Coelom = cavity that forms in the lateral plate mesoderm

· septum transversum area will fold as the tubes above it grow and is forced to buckle; now under the head fold; at the same time the same folding is occuring at the anal end; the tail fold encloses the gut
Lateral Folds – occur at the same time as head and tail folds
· At this point we have added:

· foregut (to be mouth and esophagus; under head fold) and hind gut (colon & rectum; under tail fold)

· umbilicus (midgut); which will be sucked back into the peritoneal cavity as it does most of its development outside

· Dorsal mesentary, intestine, visceral peritoneal & peritoneal cavity 

Embryology of the heart

The heart starts out as a single simple pump – two tubes (blood vessels) that arise by vasulogenesis along with the other blood vessels

Vasculogenesis = mesodermal cells form clusters that hollow out into tubes; the outer cells become the endothelium and the inner cells become the RBCs (differentiate this term from angiogenesis which is to form vessels by the extension of pre-existing vessels)

1. This results in 2 heart tubes on either side of the oral plate that are connected to other blood vessels in the lateral mesoderm

2. The lateral folds cause these two tubes to be fused into one that can beat; and the formation of the head fold allows the proper placement of the ‘heart’ in the thorax – such that the tubes are found ventral to the foregut (esophagus) and cranial to the diaphragm

3. At this point we have a single pump with flow in coming through the caudal end and flow out from the cranial end 

4. Output is from the left and right ‘aortas’ which loop over the foregut before turning caudally

5. The aorta rapidly forms a connection called the brachial arch to connect the two outflow tracks

6. The heart mass grows between the out and in flow and it begins to sag down to the right (the outflow in now infront of the inflow – leaving the atrium cranial and dorsal to the ventricles)

· Division into 4 chambers
· Endocardial cushion (septum intermedium) – left and right atrio-ventricular flows – forms two canals which will become the ‘atrioventricular canals’ in the future

· Interatrial septae – left and right atria  - 1) Septum primum tissue grows out from the artial walls to form a complete septum that later acquires a hole 2) Septum secumdum same as primum – the two holes (one in each septum) are offset creating a valve-like structure = fetal valve to shunt blood from right to left ventricles before the lungs are functional

· After birth the holes are shut due to changes in pressure – failure to do so = foramen ovale
· Interventricular septum – partial separation of left and right ventricles – muscle outgrowth

· Spiral Truncoconal Septum – final separation of ventricles and separation of outflow – the outgrowth grows in a spiral and must correctly line up with the endocardial cushion and the interentricular septum
