Development of the nervous system and sense organs
I- The central nervous system
I- Organogenesis of the nervous system: 
A- Formation of the neural tube: 

1- The first indication of the development of the nervous system is the appearance of the neural plate. 
2- The plate is formed by the thickening of a broad zone of ectoderm on either side of the notocord and extends cranially from Hensen's node. 
3- The plate deepens to form the neural goove which is flanked by two longitudinal folds the neural folds. 

4- The neural folds fused to form the neural tube. The folding appears first in the ephalic region and progresses in both direcitons, i.e. cephalad and caudad. 

5- Before complete fusions takes place, an anterior opened foldis found this is called the anterior neuropore, a similar posterior one is found which is named the posterior neuropore. Later on the close, the anterior one first. 
6- The fusion of the neural folds is a double one. Thus the neural groove is transformed into the neural tube and the superfical ectoderm close over the place previously occupied by the neural groove. 

B- The neural crest cells: 

1- The neural crest cells are dorso-lateral aggregations of cells above the neural tube on either side of the midline. 
2- These cell aggregations arise in the basal layer of the ectoderm, near the apex of each neural fold. They proliferate away from the direction of fusion into the surrounding mesenchyme. 
3- The two aggregations fuse temporally on either side then separate and assume a dorsolateral position on either side of the neural tube. 

4- The neural crest aggregates become segmentally clustered and give rise to the dorsal root ganglia cells. 

5- The dorsal root ganglia cells form the dorsal root ganglia of the spinal nerves and the ganglia of the sensory cranial nerves. 
6- Dendritic processes of these cells grow peripherally, while axionic processes grow into the dorsaolateral wall of the brain or spinal cord. 
D- Differentiation of the wall of the neural tube: 

1- Shortly after its formation, the wall of the neural tube consists of layers of non-stratified elongate rapidly dividing. 
- An outer and inner amorphous limiting membranes also develop. 
2- These elongate cells divide activity to give rise to the three layers of the brain and the spinal cord, i.e. the ependymal, the mantle and the marginal layers. This occurs in the following manner. 
3- The neural epithelium gives rise to both neuroblasts and spongioblasts. 
4- The neuroblasts develop in the inner zone. These give rise to apolar neuroblasts which migrate towards the nid-zone. 
- The apolar neuroblasts develop processes at either extremity and become spindle shaped bipolar neuroblasts. 

- The processes of one side degenerate, thus a unipolar neuroblast is formed. At the degenerated pole numerous cytoplasmic outgrowth named dendrites appear to form a multipolar neuroblast. The latter cell develops into impulse- conducting neuron. 
5- The angioblasts develop also from the inner zone, but either remains attached to the inner limiting membrane or migrate and get attached to the outer limiting membrane. 
- The angioblasts that loose connection with the limiting membranes differentiate into astrocytes, which are non impulse conducting supporting cells. These are either fibroblastic or cytoplasmic astrocytes. 
- The angioblast that remain attached to the inner limiting membrane form the ependymal cells. 

- Some other spongioblasts migrate into the mid zone, develop short processes and thus become oligodendroglia and are supportive cells. 

6- Invading blood vessels bring in mesenchymal cells which differentiate into microglia. The microglia are thus of mesodermal origin. 
7- The ependynal or inner layer of the tube is thus formed of undifferentiated cells. It consists off cuboidal epithelial cells liming the cavities of the central nervous system. At the area of the anterior and posterior choroid plexus these cells participate in elaborating the cerebro-spinal fluid. 

8- The mantle or middle layer is formed of neuron cell bodies, together with many neuroglial cells. This is the gray matter. 

9- The marginal or outer layer is formed by the growth of mylinated axons from the mantle layer with some neuroglia cells. This is the white matter. 

2- Differentiation of the brain region 

A- The neuromeres and primary brain divisions: 
1- The cephalic end of the neural tube becomes enlarged to form the brain region, while the caudal part remains as the spinal cord. 

2- The brain region is characterized by the presence of 11 enlargements named the neuromeres. 
3- Each neuromere is separated from the succeeding one by a constriction. 
4- Although these constrictions disappear, later on only two persists to define the main three parts of the brain. 
5- The first three neuromers are incorporated in the prosencephalic region. 
6- The fourth and fifth neuromeres are incorporated in the mesencephalic region. 
7- The sixth to the eleventh neuromere are incorporated in the rhombencephalic region. 
B- Flexures and main divisions of the brain: 
1- The brain region does not remain straight but undergo three flexures. 
2- The cephalic flexure has its concavity at the base of the mesencephalon. 
3- The pontine flexure has its convexity at the caudoventral aspect of the metencephalon. 
4- The cervical flexture has its concavity centred at the ventral limits of the myelencephalon. 

C- The prosencephalon: 

1- As mentioned before the prosencephalon develops from the first three neuromers. 
2- The prosencephalon enlarges and gives rise to two subdivisons, the telencephalon and the diencephalon. 
3- The telencephalon is the most anterior part of the neural tube. 
- It consists of a median telencephalic part and two lateral telencephalic vesicles. 

- The vesicles evaginate from the antero-lateral walls of the telencephalon. They grow rapidly and give rise to the cerebral hemispheres. These hemispheres contain the brain centers responsible for the memory. 

- The cavities of the vesicles become the lateral ventricles and are united with the main cavity of the telencephalon by the interventricular formina of Monro. 
- Incorporated with the hemispheres, the rhinencephalon develops from lobes and is concerned with the sense of smell. 
- The cavity of the median portion of the telencephalon makes up the cranial part of the third ventricle. 

- The Diencephalon is the posterior part of the prosencephalon. It gives rise the following structures. 

- The cavity of the diencephalon forms the greatest part of the third ventricle. 
- The roof of the diencephalon is thin and blood vessels push this thin wall a head to form finger like processes. Those are the rostral choroid plexus of the third ventricle. 

- A small evagination in the roof of the diencephalon gives rise to the epiphysis cerebri or the pineal body. 
- The epithalatamus (olfaction center), the thalamus (coordinating center) and hypothalamus (coordinating center for autonomic nervous system and endocrine organs) develop from the walls of the diencephalon. 

- The optic stalks originate from the cranial part of the floor, while the infundibulum (part of the hypophysis) originate as an evagination from the caudal part at a level caudal to the optic stalk. The development of the optic stalk will be described in detail together with the development of the eye. 

D- The mesencephalon: 
1- The mesencephalon develops from the fourth and fifth neuromeres. 
2- The wall become thickened so that only a small duct remains between the third ventricle anteriorly and the fourth ventricle posteriorly. This duct is called the cerebral aqueduct or aqueduct of Sylvius. 
3- The walls of the mesencephalon give rise to the following structures: 
- The corpora quadrigemina arise as two pairs of elevations on the dorsolateral wall of the mesencephalon. 

- The cranial pair is called the anterior colliculi, and is synaptic centers for visual reflexes. The caudal pair, the posterior colliculi, is synaptic centers for auditory reflexes. 

- The cerebral peduncles (crura cerebri) arise as two bilaterally thickened parts in the floor of the mesencephalon. These are the main pathways connecting the prosencephalon with the caudal part of the brain and spinal cord. 

E- The Rhombencephalon: 
1- The rbombencephalon or the hind brain develops from the 6th to 11th neuromeres. 
2- This part gives rise to the metencephalon (6th and 7th neuromeres) and myelencephalon (8th to 11th neuromere). 
3- The metencephalon is short; its lumen forms the cranial part of the fourth ventricle. Its wall undergoes variable thickening and gives rise to the following structures. 
- The cerebellum develops from the roof of the metencephalon. This is the chief center for coordinated voluntary muscular movements. 
- The pons develops from the ventral parts of the metencephalon. This acts as a chief nerve fiber pathway between the cerebellum and cerebral hemispheres. 
4- The myelencephalon is the posterior part of the rhombencephalon. Its lumen forms the posterior part of the fourth ventricle. The wall develops into the medulla oblongata and is continuous with the spinal cord. 
- The roof of the myelencephalon is thin, and in it the caudal choroid plexus develops. The myelencephalon develops mainly into a nerve pathway between the brain and the spinal cord. 

3- Differentiation of the neural tube and the spinal cord: 
1) The spinal cord develops from the rest of the neural tube. 

2) Similar to the brain region the tube is not uniform but undergoes certain changes in its wall, designated as delineation of sensory and motor areas. These changes are summarized in the following points. 
3) The wall of the neural tube becomes thickened and its sides form the following: 

- A thick ventral wall called the floor plate. 

- A thin dorsal wall, the roof plate. 
- Two thick lateral walls, the lateral plates. 

- The lumen of the neural tube becomes slit-like in cross section. 

4- Further thickening of the lateral plate is accompanied by the appearance of a longitudinal evagination, called the sulcus limitans. 
- The sulcus limitans extend along the surface of the plate approximately midway between the floor and roof plates. 

- The dorsal portion of the lateral plate is called the alar plate, while the ventral one is basal plate. 

- The neural cavity is somewhat diamond in shape during this stage. 

5- The lateral walls approximate dorsally and fuse with each other obliterating the dorsal part of the neural tube, and the persisting ventral part becomes rounded into a definite central canal. 
6- By the fusion of the alar plates, the ependymal layer ceases to contribute new cells to the mantle layer and the wall looses its radial direction and unites into a median septum, this is the dorsal median septum. 
7- On the ventral side, the floor plate of the ependymal layer delays in development and since it is interposed between the rapidly thickening right and left walls of the ventral marginal layer, the latter do not meet. Instead a longitudinal fissure as the ventral median fissure is produced. 
8- The mantle layer thickens ventrally to produce the ventral gray column in the basal plate. Migrating cells from the ventral gray column, organize a lateral gray column. 
- Dorsally the mantle layer of the alar plate develops the dorsal gray column. 
- Above and below the central canal the mantle layer narrows into a dorsal and gray commissures. 
9- The marginal layer is made up of processes from the ependymal and neuroglia cells. 
10- The nerve fibers enter the spinal cord dorso-laterally dividing the white substance in this region into dorsal and lateral funiculus. The lateral funiculus is marked off the ventral fumiculus by the ventral root fibers that leave the cord ventro-laterally.
II- The peripheral nervous system
1- Formation and classification of nerve fibers:
A- General: 
The peripheral nervous system consists of myelinated and unmyelinated nerve fibers and ganglia. 

2- The cranial nerves
A- General classification: 

1- The cranial nerves are twelve in number. They are given roman letters from 1 to XII. According to their origin they are classified as follows: 

	Brain division 
	Nerve number and name 

	Telencephalo 
	I. Olfactory                         S 

	Diencephalon 
	II. Optic                              S 

	
	III. Oculomotor                   M 

	
	IV. Trochlear                       M 

	Mesencephalon
	V. Trigeminal 

	Myelencephalon
	VI. Abducent                      M

	
	VII. Facial 

	
	VIII. Acoustic or auditory      S 

	
	IX. Glossopharyngeal 

	
	X. Vagus 

	
	XI. Spinal accessory               M

	
	XII. Hypoglossal                   M


2- According to their function, they are classified as follows: 
- Pure sensory: Olfactory, optic, Acoustic. 

- Pure motor: Occulomotor, trochlear, Abducent, Hypoglossal. 

- Mixed nerves: Trigeminal, Facial, Glossopharyngeal, vagus, Spinal accessory. 

3- Some of the sensory nerves possess sensory ganglia, while all of the mixed nerves possess sensory ganglia on their sensory roots. 

4- The following paragraphs describe the cranial nerves separately. 

B- The Olfactory nerve, I: 

1- This is a special afferent nerve and is concerned with the sense of smell. This nerve possesses no ganglia (although it is sensory). 
The nerve cell bodies are bipolar cells and are found in the nasal epithelium. 
- The short peripheral processes and in bristles at the surface of the olfactory epithelium. 
The long proximal processes grow toward the brain and gather into strands of olfactory nerve around which the cribriform plate of the ethmoid bone develop. These fibers end in glomeruli of the olfactory bulb in contact with dendrites of olfactory neurons, in the telencephalon. 

C- The optic nerve, II

1- This is a special somatic afferent nerve and is concerned with the sense of seeing. 
2- This nerve, although sensory, does not possess any ganglia. 
3- Fibers of this nerve originate from the ganglion cells in the retina, traverse through the optic stalk and enter and diencephalon. 
- In the floor of the diencephalon two optic nerves unite to produce the optic chiasma. Here there is a partial-crossing of the optic nerve fibers and the mixed fibers continuous to the brain as the optic tract. 

4- The nerve fibers are myelinated but they lack the neurolemma sheath. 
D- The oculomator nerve, III: 

1- This nerve is a somatic efferent nerve to four of the eye muscles. 
2- The nerve develops in the basal plate of the mesencephalon. 
3- The fibers emerge ventrally as small slender bundles which collect in a trunk and end in ventral oblique, ventral rectus, medial rectus and dorsal rectus muscles. 
E- The trochlear nerve, IV: 

1- This nerve is somatic efferent to the dorsal oblique muscle of the eye. 
2- This nerve arises from neuroblasts located in the basal plate caudal to the oculomotor nerve. The nerve courses dorsally within the wall and over and across in the direction of muscle. 
F- The trigeminal nerve, V. 
1- This nerve is mixed nerve, although it is primarily sensory and has three distinct branches. 
2- The nerve possesses a large sensory ganglion the semilulnar (or, Gasserian) ganglia. 
3- The nerve fibers arise from the metencephalon near the metencephalon. 
4- The nerve is concerned mainly with the structure arising from the first branchial arch. 
5- The nerve has three branches which are: 
- The ophthalmic branch, is a general somatic afferent to the supraorbital region. 
- The maxillary branch, is a general somatic afferent to the upper jaw. 

- The mandibular branch, is mixed. It has (a) general somatic afferent branches to the lower jaw, and (b) special visceral efferent to the muscles of mastication of the lower jaw. 

G- The abducent nerve, VI: 
1- This nerve is somatic efferent to the lateral rectus and retractor bulbi muscles of the eye. 
2- This nerve arises from the basal plate of the myelencephalon. 
H- The facial nerve, VII: 

1- This nerve a mixed nerve. It is primarily a motor nerve, although some sensory fibers are present. 
2- The nerve process a small ganglion, the Geniculate ganglion. 
3- The nerve arises from the myelencephalon. 
4- The nerve has three main branches, which are: 
- be great superficial petrosal nerve, is a mixed branch. 

- It as (a) general visceral efferent (secretory) to the lacrimal glands, and (b) General visceral afferent to the region of the lacrimal glands. 

- The facial nerve, is special visceral efferent to the muscles of facial expression which develop from the second branclial arch. 

- The chorda tympani nerve is a mixed branch. Its fibers join the mandibular branch of the trigeminal nerve. It is (a) special visceral afferent to the taste buds of the anterior two thirds of the tongue and (b) other divisions are General visceral efferent (secretory) to the submaxiallary and submandibular glands. 

I- The Acoustic or Auditory Nerve, VIII: 
1- This nerve is special somatic afferent nerve and concerned with the sense of hearing and equilibrium. 
2- This nerve possesses an acoustic ganglion which is divided into two ganglia, each concerned with one of the branches of the accoustic nerve. 
3- The nerve develops from the myelencephalon. 

4- The nerve has two branches. 
- The vestibular nerve, is special somatic afferent to the organs of equilibrium (will be described with the development of the ear)  and possess the vestibular ganglion. 

- The cochlear nerve, is a special somatic afferent to the organ of hearing and possess the spiral ganglion. 

J- The glossopharyngeal nerve, IX: 

1- This nerve is a mixed one, although it is primarily a sensory nerve. 
2- The nerve possesses two ganglia, the superior and the petrosal (inferior) ganglia. 
3- The nerve develops from the myelencephalon. 
4- The nerve has three main branches: 
The tympanic branch, is (a) general somatic afferent to the middle and external ear and (b) general visceral efferent to the parotid gland. 

- The lingual branch is general visceral afferent to the posterior third of the tongue. 

- The pharyngeal branch is (a) general visceral afferent to the pharynx, and (b) special visceral afferent to the muscles to the pharynx (developed the third branchial arch). 
k- The vagus nerve, X: 
1- This nerve is a mixed one. 
2- The nerve possesses two ganglia, the jugular and nodose ganglia. 
3- The nerve develops from the myelencephalon. 
4- The nerve has three main branches: 
- The auricular nerve, is general somatic afferent to the external ear. 

- The superior or cranial laryngeal nerve. This nerve is (a) general visceral afferent and (b) special visceral efferent to the structures developed from the fourth branchial arch (thyroid cartilages). 

- The vagus nerve proper is the main portion of the vagus and courses in the vicera after giving the superior laryngeal nerve. It is (a) General visceral afferent to the pharynx, larynx, trachea, oesophagus, thoracic and abdominal viscera, and (b) special visceral afferent to the last buds in the pharynx and larynx, and (c) special visceral efferent to the striated muscles of the pharynx and larynx, and (d) general visceral efferent-parasympathetic-to the viseral musculature. 

L- The spinal accessory nerve, XI: 

1- This nerve is almost pure motor, but possesses few sensory fibers. 
2- The sensory fibers possess small scattered ganglionic masses known as the accessory ganglion. 
3- Some parts arise from the myelencephalon together with the vagus, while the greatest part arises from ventral column of the first to fifth cervical segments of the spinal cord. 
4- The nerve has two main rami: 
- The bulbar roots or internal ramus is (a) special visceral efferent to the striated muscles of the larynx, and (b) general visceral efferent to the smooth muscles in the viscera. This branch runs along with the vagus. 

- The spinal roots or external ramus, is special visceral efferent to the sterno-mastoid and trapezius muscles. 

M- The hypoglossal nerve, XII: 
1- This nerve is a pure motor. 
2- It has sensory roots which atrophy later on. These roots possess rudimentary ganglia, of which the frorieps ganglia persist for some time. 
3- The nerve develops from the basal plate of the myelencephalon. 

4- The nerve is general somatic efferent to the muscles of the tongue. 
5- The spinal nerves: 

1- The spinal nerves are segmentally arranged along the spinal cord, and their number is equivalent to the number of the vertebrate in the region in quesiton. 
2- The spinal nerves possess both sensory and motor roots. 
3- The neural crest cells give rise to the dorsal root ganaglia of the nerves. The neuroblasts of the ganglia send in processes toward the spinal cord. These make up the dorsal sensory root axons of the spinal nerve, and join the spinal cord (dorsal gray column) at the alar plate. 
- The neuroblasts within the spinal cord at the basal plate (ventral ra column) send out processes which make up the ventral root axons. 
5- The peripheral processes of the neuroblasts in the ganglia extend laterally and join the fibers of the ventral root to form a spinal nerve trunk. 

6- The spinal nerve trunk become divided into three rami, these are: 
- The dorsal ramus, carries sensory and motor fibers which innervate the muscles and the skin in the dorsal body area. 

- A large ventral ramus, carries fibers to the muscles and the skin at the lateral and ventral body wall. This ramus gives also the ramus communicans to the sympathetic ganglion. 

- A ramus communicans, carries nerves of the sympathetic and parasympathetic system and also carries sensory nerves from the viscera. 

7- The spinal nerves are both somatic afferent (sensory) and somatic efferent (motor). 
4- The autonomic nervous system
A- Definitions: 

1- The autonomic nervous system consists of two divisions, the sympathetic and the parasympathetic. 
2- The autonomic nervous system has the ability to function independently of the central nervous system. 
3- The sympathetic system is called adrenergic, while the parasympathetic is called cholinergic nervous system. These names refer to the chemical compounds adrenaline and acetylcholine which are necessary for the transmission of the nerve impulses across the synaptical groups separating the nerve fibers of the respective system. 
4- The sympathetic is also referred to as thoraco-lumbar and the parasympathetic as cranio-sacral system, according to their anatomical locations. 
B- Formation: 
1- The autonomic nervous system is composed of characteristic two neuron efferent chains. 
2- The cell bodies of the first neurons are located in the C. N. S. (in the lateral horn). These are preganglionic. 
3- The cell bodies of the second neuron are located in either 9a) the prevertebral ganglia, or (b) collateral or vertebral ganglia of the sympathetic system, or (c) terminal ganglia or the parasympathetic ganglia. 
4- The second neuron bodies receive impulses from the first member of the chain and relay it to its destination. 
5- The autonomic nerves are both visceral afferent and visceral efferent. 
6- Each organ receives a double innervations and the action of the two nerves is opposite in each case. 
C- The sympathetic division: 

1- As mentioned before, this division is referred to as the thoraco-lumbar system. 
2- The fibers arise from the CNS by pregnanglionic neurons with cell bodies situated in the thoracic and the first three lumber segments of the spinal cord. 
3- These pregnanglionic fibers synapse with secondary neurons post ganglionic neurons) located in sympathetic ganglia close to the spinal cord. These ganglia are located on each side of each vertebra. 

- In addition to these vertebral ganglia, there is other specially named paired sympathetic ganglia located ventral to the vertebral column that is called prevertebral ganglia. These include the coeliac, cranial mesenteric and caudal mesenteric ganglia. 
5- The sympathetic ganglia contain never cell bodies outside the CNS and are also the site of synapses between the pregnanlionic and postganglionic fibers. 
4- The pregnanglionic fibers are myelinated and pass to the ganglia by way of the ventral roots of the respective spinal nerves. 
- The post ganglionic fibers are unmylinated and travel directly to the destinate organ. 

D- The parasympathetic division: 
1- This division is referred to as the cranio-sacral system. 
2- The fibers arise form the CNS by preganglionic neurons with cell bodies in the cranium (cranial nveres number, III, VII, IX, and X) and the sacral region. 
3- The preganglionic fibers synapse with posganglionic fibers. The latter arise from cell bodies located on or within the supplied organ. Thus the postganglionic fibers are very short. 
4- The parasympathetic fibers from the III, VII and IX nerves supply the smooth muscles and glands in the head region, while the fibers from the vagus (No, X) supplies the heart, the lungs and nearly all the abdominal viscera. 
- The sacral fibers innervate the urogenital system and the last part of the digestive tract. 

E- The functions: 

1- The sympathetic is an emergency system and concerned with rapid release of energy. 
2- The parasympathetic takes care of the normal demands or living, and restores energy. 
3- The parasympathetic and sympathetic systems are antagonistic to each other. 

4- The functions of the two systems on some organs are summarized in the following table. 

	Organ 
	Sympathetic system 
	Parasympathetic system 

	Pupil (eye) 
	Dilation 
	Constriction 

	Salivary gl 
	Vasoconstrictor 
	Vasodilator 

	Heart 
	Accelerate beats 
	Inhibit or slow beats 

	Bronchi 
	Dilation 
	Constriction 

	Stomach & intestine 
	Inhibit motility 
	Excites motility 

	Rectum 
	Relaxation 
	Contraction 

	Bladder 
	Relaxation 
	Contraction 


III- The sense organs
1- The eye:
A- Formation and differentiation of the optic cup: 
1- The optic vesicles, appears first as two small pits on each side of the wall of the prosencephalon. (diencephalon subdivision), i.e. they are of ectodermal origin. 
- These pits are shallow at the beginning, but soon they become extensive invaginations and form the optic vesicles. 

2- The optic vesicles become swollen and are attached to the brain by the optic stalks. 
3- By an imagination of the distal wall of the vesicles, a double layered cup, the optic cup, it formed. 
4- The invagination in the cup continues toward the diencephalon forming the choroid fissure in the ventral wall of each optic stalk. 
5- The optic cup differentiates into the pigment and sensory layers of the retina, with the obliteration of the primary lumen of the cup. 
6- The pigment layer of the retina is formed from the outer layer of the optic cup. 

- This layer is thin and made up of simple epithelial cells. 

- Pigment granules are elaborated from the cytoplasm and these granules become dense later on. 

- Processes from the cells of this layer extend between the tips of the rod and cone cells of the sensory layer. 

7- The sensory layer of the retina is formed from the inner layer of the cup. 
- This layer is also called the nervous layer and is thicker than the pigment layer. 
- The sensory layer is soon recognized into two layers, the pars coeca and the pars optica. 

- The pars coeca is thin, non-nervous and borders the nin of the cup. It is demarked from the pars optica by a serrated circle, the oral serrata. The pars coeca is later subdivided into the pars ciliaris (covering the ciliary bodies) and the pars iridica (bordering the pupil). 

- The pars optica becomes differentiated into (a) layer of rods and cones, (b) four layers of bipolar cells, (c) Multipolar ganglionic cells and nerve fiber layer. The nerve fibers originating from the later layer grow through the substance of the wall of the optic stalk and thence into the wall of the diencephalon. This was described earlier with the development of the optic nerve. The above mentioned layers of the pars optica are limited by an internal and external limiting membranes. 

8- The cells of the optic stalk are converted into neuralgia or supportive cells and the optic canal becomes obliterated. 
- The choroid fissure becomes closed to form a tunnel through which the central artery reaches the interior of the eye ball. 

B- The development of the lens: 
1- The lens develops from the ectoderm. The surface ectoderm overlying the optic vesicle thickens into a lens placode. 
2- This placode pockets inward to produce the lens vesicle or lens primordium, which occupies the concavity of the optic cup. 
3- Later on this detaches and lies free as a hollow spheroid vesicle with an inner thicker and outer thinner wall. 
4- The cells of the outer wall remain low columnar and constitute the permanent lens epithelium. 
- The cells of the inner wall, which are also single layered increase rapidly in height and obliterate the cavity. These cells die later on, lose their nuclei and are transformed into transparent lens fibers. 

- Additional fibers arise from proliferating cells located in the equatorial zone, where the lens epithelium joins the lens fiber mass lens fibers continue to the added throughout life, but the size of the lens does increase much in the adult. 
C- The vitreous body and intraocular vessels: 

1- The concavity between the lens and the optic cup becomes filled with a hyaline, fibrillar jelly, the vitreous body. This is primarily an epithelial product made up of ingrowths from the anterior and posterior chambers of the eye. 
2- Fibers laid down by the pars ciliaris retina become the zona ciliaris or suspensory ligament of the lens. 
3- The lens proper is wholly non-vascular. 
4- Blood vessels spread surrounding the surface of the lens. 
- These come from the hyaloid artery, which is a continuation of the central artery. The latter pass through the gutter-like groove of the optic stalk, enters the back of the optic cup through the choroid fissure and extend to the back of the lens. 

- The hyaloid artery degenerates at birth, leaving a hyaloid canal through the vitreous body. 
5- Other vessels from the region of the iris supply the front of the lens in a corresponding mesenchymal layer called the pupillary membrane. 
D- The development of the fibrous and vascular coats: 
1- The mesenchyme surrounding the optic cup specializes into two coats, an outer compact fibrous coat (cornea and sclera) and an inner vascular choroid (contributes the ciliary body and iris). 
2- The sclera transforms into a dense white fibrous tissue outside the choroid and completely surrounds the eye ball except where the cornea is present and where the optic nerve emerges. 
- The sclera is continuous with the dura matter of the brain. 
3- The cornea is that part of the fibrous coat that is located in front the eyeball. This consists of transparent connective tissue surfaced externally with ectodermal corneal epithelium and lined internally with the endothelium of the anterior chamber. 
4- The chorioid is located between the sclera and the pigment layer. This tissue is loose and highly vascular. Distal to the level of the ora serrata the vascular coat differentiates into the following: 
- Connective tissue of ciliary body, ciliary ring and process. 

- Unstriped fibres of ciliary muscles. 

- Connective tissue stroma of the iris. 

E- The chambers of the eye: 
1- The eye possesses two chambers. 
2- The anterior chamber originates from the mesodermal tissue between the lens and the cornea. The mesodermal tissue between the anterior chamber and the lens is the pupillary membrane. 
3- The posterior chamber develops between the iris the lens. 
F- The accessory apparatus: 

1- The eye lids develop from the integument adjacent to the eye ball. The outer layer differentiates into the epidermis and this is reflected on the inner surface of the lid and frontal part of the sclera as the conjunctiva. The eye lashes develop as ordinary hair at the edge of the lid. 
- The tarsal glands arise along the edge of each lid. 

2- The lacrimal glands appear as outgrowths of the conjunctiva, dorsally at the external angle of the eye. They are solid at first and later on canalize. 
3- The naso-lacrimal duct with its lacrimal sac arises as thickening in the nasolacrimal groove. 
2- The Ear:
A- The development of the internal ear: 
1- The auditory placode arises as a thickening in the ectoderm along the hind brain. 
- The placode then bends inwards feebly to form the auditory pit. The pit is cup-like and with further invagination it closes forming the otocyst which remains in a temporary union with the ectoderm. 

- The otocyst or auditory vesicle becomes detached as ovoid sac and lies opposite the fifth neuromere. The vesicle contains an elongate tubular endolynphatic duct on its dorso medial aspect. The free end of the duct (the blind end) dilates into an endolymphatic sac. 

2- The auditory vesicle elongates in a dorso-ventral direction and differentiates into a complicated organ called the membranous labyrinth. 

- The ventral part of the vesicle gives rise to the cochlear duct. 

- The dorsal part develops to the semi-circular canals. 

- The intermediate part divides to the utricle and succule. 

3- The three semi-circular canals develop as out growths from the upper extremity of the auditory vesicle. The anterior and posterior canals are vertical and arise from a pouch on the dorsal border of the otocyst. The anterior and posterior canals have a common limb that opens in the utricle. The lateral is horizontal and arises from a horizontal outpocketing. 
- In one arm of each canal the wall is dilated to form an ampulla. 

4- The intermediate part of the vesicles becomes constricted in its middle to form an upper utricle and a lower saccule. The semi-circular canals open in the utricle, while the saccule is in connection with the cochlear duct. 
- The utricle and the saccule become entirely separated. However, they are connected indirectly by separate channels in the endolymphatic duct. 

5- The lower extremity of the vesicle develops a spiral tube called the cochlear duct. 
- The cochlear duct becomes constricted from the saccule; the basal end of the saccule becomes a blind process while a canal connected between these two parts. The canal is the ductus reuriens. 

B- The differentiation of the membranous labyrinth. 

1- The vestibular branch of the acoustic nerve innervates the organs of equilibrium, i.e. the semi-circular canal, the utricle and saccule. 
- The cochlear branch innervates the cochlear duct, which is the organ of hearing. 

2- The epithelium of the membranous labyrinth is at fist low cuboidal. After the sensory fibers of the vestibular and cochlear neres extend between these cells, the cells multiply, thickens and are modified into special sense organs. These are: 
- The cristae ampullares in the ampulla and semi-circular canals. 
- The maculae acousticae in the utricle and saccule. The spiral organ, (organ of Corti) in the cochlear duct. 

C- The development of the perilympl space and bony labyrinth: 
1- The mesenchyme surrounding the membranous labyrinth becomes differentiated into a fibrous basement membrane, which lies next to the epithelium, and cartilage which envelops the whole labyrinth. 
2- The cartilage transforms into the bony labyrinth. 
3- The cartilage next to the membranous labyrinth, undergoes reversal development, whereby it returns first to precartilage and then to a syncytial reticulum. The reticulum becomes the open space or the perilymph spaces. The perilymphatic spaces is filled with a cerebro- spinal like fluid called the perilymph which transmits the sound vibrations from the middle ear to the wall of the cochlea. 
4- The bony labyrinth presents two openings. They are covered by fibrous membranes and are called the fenestra vestibuli (oval and dorsal) and the fenestra cochlea (ventral). 
5- The cochlear duct appears triangular in section its lateral wall remains attached to the peripheral bony labyrinth, while its inner angle is adherent to the bony axis of the cochlea, the modiolus. Large perilymph spaces develop above and below the cochlear duct; these are scala vestibuli and the scala tympani, respectively. 
D- The middle ear: 

1- The epithelial lining of the tympanic cavity and auditory (Eustachian) tube are endodermal in origin and develop from the dorsal aspect of the first pair of pharyngeal pouches. 
2-The pouches enlarge rapidly, flatten dorsoventrally and are in temporary contact with the ectoderm. 
- The proximal stalk of each pouch undergoes constriction to form the more cylindrical auditory tube. 

- The blind outer end of the pouch enlarges into the tympanic cavity. 

3- The tympanic activity is surrounded by those connective tissue in which the auditory ossicles develop. The spongy tissue surrounding the ossicles degenerates while the tympanic cavity expands and occupies the new space that is made available. 
- The epithelium liming tympanic cavity on meeting the ossicles warp itself around them mesentery fusion. 
4- The auditory ossicles originate from the condensed mesencyhyme of the first and second branchial arches. 
- The malleus (hammer) and the incus (anvil) are derived from the mesenchyme of the first branchial arch (meckel's cartilage). 
- The stapes (stirrup) is derived from the mesenchyme of the second branchial arch (Reichert's cartilage). 
- The malleus attaches to the tympanic membrane (ear drown), the ineus articulates with the malleus and the stapes. The stapes is adherent to the membranous covering of the fenestra vestibuli. 
E- The external ear: 

1- The external ear or external auditory meatus develop from the dorsal aspect of the first branchial groove. 
2- The meatus represents the ectodermal groove itself, which for a time is in contact with the endoderm of the first pharyngeal pouch. From the bottom of the pit an ectodermal cellular plate grows deeper until it reaches the wall of the tympanic cavity. 
3- The tympanic membrane 9ear drum) results from a thinning out of the mesoderm in the region where the blind end of the meatus lies against the wall of the tympanic cavity. Thus the permanent membrane is a fibrous sheet covered externally by ectodermal epithelium and internally by endoderm. 
4- The auricle or pinna is formed by the development and fusion of local mesenchymal growth beneath the ectoderm from the first (mandibular) and the second (hyoid) branchial arches. This develops around the first branchial groove. 
3- The gustatory organ:
1- The gustatory organ or taste buds develop by thickening of the lingual epithelium. 
- The buds develop mostly from the endoderm, some are ectodermal. 

2- The basal cells lengthen and extend toward the surface epithelium. 
3- Some of the cells in the bud cluster become very slender and acquire peripheral, hair like, sensory receptive tips. These are the taster or neuroepithelial cells. 
- The remaining cells become columnar supporting or sustentacular cells. 
4- Bar sensory nerve endings from the VII, IX and also the x cranial nerves grow into the taste buds, branch and end about the periphery of the taste cells. 
4- The Nasal olfactory organ:
1- The olfactory placode, the first indication of the olfactory organ, appears as a thickened area of the ectoderm on each ventro-lateral surface of the head. 
2- The placode, deepens forming the olfactory pit which is flanked by elevated margins. 
3- The pit deepens further forming the olfactory sac. The olfactory sac is separated from the mouth cavity by an epithelial plate, which becomes thin caudally and later on ruptures. The formed opening is the primitive choana. 
4- The liming of the caudo-dorsal aspect of the nasal cavity becomes thickened and transformed into a sensory olfactory epithelium. 
5- Approximately one half or these olfactory epithelial cells become elongated and spindle shaped. These are called olfactory cells. The peripheral end of the olfactory cells develop a large number of sensory hairs, while the basal end tapers into an olfactory nerve fiber which join other fibers and grow toward the brain as the olfactory nerve. 
6- A large number of the olfactory epithelium elongate to form slender columnar supporting or sustentacular cells. 
7- Some other cells retain a polygonal or pyramid shape and remain near the base of the epithelial sheet. 
5- The general sensory organs:
1- Other than the special sensory organs described before, there are general sensory organs which are distributed in the integuments, and other organs. 
2- The free nerve terminations are the commonest, and end among the cells of the epithelium or in the connective tissue. 
3- The lamellated corpuscles arise by the clustering of a mass of mesenchymal cells around a nerve termination. The cells multiply, flattened and become lamellated. 
4- The tactile corpuscle originates by the formation of a looping plexus of a terminal nerve fiber located beneath the epidermis. The plexus become encapsulated with a cluster of mesenchymal cells. 
5- The neuromuscular spindles originate by the formation of a plexus of nerve fibers around a group of myoblasts. The myoblasts then take the form of a tapering bundle and they whole are enclosed in a connective tissue capsule. 
6- The neurotendinious end organs develop together with muscle spindles, and the branching nerve fibers end on an encapsulated bundle of tendons. 
The circulatory system
Before going in the circulatory system the reader have to get an idea about the formation of blood and blood vessels as well as the primitive circulatory system. This is essential before describing the detail of the heart and the rest of the system. 
1- Angiogenesis
1- Both blood and blood vessels arise from the mesenchyme. 
2- The earliest formative tissue of the circulary system is the Angioblast (vessel former). 
- The angioblasts appear in the form of massess and cords in the body stalk and the wall of the yolk sac. These masses are called blood inslands. 
3- The blood islands are originally solid, they soon hollow out. The peripheral become arranged as flat endothelial cells, the more central ones are the earliest blood cells, and the cells float in the blood plasma which is a clear fluid secreted from the cells of the blood islands. 
4- The plasma first occupies discrete intercellular clefts, which soon coalease and produce a common lumen or plexus of blood vessels which are present on the yolk sac, body stalk and the chorion. 
5- In the wall of the yolk sac, this network comprise the area vasculosa, which envelops the entire sac forming a network appearance betwene the zona opaqua vitallinae and the zona pellucida. 
6- The first vessels within the embryo appear at the same time as the earliest somite. It is calimed that they originate as direct extensions of the extra embryonic vessels that invade the embryo. However, these vessels arise from clefts in the mesenchyme where the need arises. 
7- The outer circumference of the area vasculosa forms a dark band which is the precursor of the sinus terminalis or marginal sinus. 
- The vitelline circulation is estblished by connection of vitelline vessels (arising extraembryonal) with the omphalo-mesenteric arteries arising from the aorta. 
8- Around the endothelium, the neighbouring mesenchyme adds accessory coats, these are: 
- The tunical intima (endothelial and fibrous). 

- The tunica media (muscular). 

- The tunica externa or adventitia (fibrous). 

- Through the folding of the tuncia intima of the veins, the pocket-like valves develop. 

2- The primitive vascular system
1- At the beging of the somite formation the first paired vessels are represented, these are: 
- Two unfused heart tubes. 

- Paired ventral aorta, cranial to the heart. 
- Paired dorsal aorta, dorsal to the heart. The ventral and dorsal aortae connect on each side through the first aortic arch. 
2- The dorsal aortae gives off the following branches: 
- Several vitelline arteries 9omphalo-mesenteric) to the yolk sac. 

- A pair of umbilical arteries, which pas into the body stalk and branch in the wall of the chorion. 
3- The venous return to the heart is provided by the following veins: 
- Vitelline veins, from the yolk sac. 

- A pair of umbilical veins, from the chorion. 
4- At the 12 somite stage, the two heart tubes unite into a single heart, and with this the vitelline and umbilical circulation starts. 
- The vitelline circulation did not last long, because of the early decline of the yolk sac. 

5- From the stage of 20 sometimes ( in the human) and there after, new blood vessels are added to the above mentined simle system. These are: 
- First two, then up to 6 aortic arches, connect the dorsal and ventral aortae. 

- The dorsal aortae behind the last arches fuse into a single descending aorta. 

- The cardinal veins appear, these are the precardinal and the postcardinals which unite on each side in a common cardimal veins before entering the heart. 

II- The development of the heart: 
1- Formation of the heart 

1- The heart is a blood vessel with a large lumen and sepcially thick muscular wall. 
2- The cardiac premoridia is formed of aggregates of splanchnic mesodermal cells that appear on the surface of the cardiogenic plate next to the endodrm. 
- The cardiogenic plate is bocated infront of the head, in the splanchnic mesoderm beneath the pericardial coelom. 

3- The tubes forming the heart are first widely separated but by folding of the embryo, the paierd primorida become fused, and the mesial partition is absorped. 
- The internal endothelial tube become the endocardium. While the external mesodermal layer gives rise to the myocardium and the epicardium. 
4- Each of the cardiac halves bear two constrictions which indicate the future regions, marking off the atrium, the ventricle and the bulbus. The union of the bulbus and ventricualr halves is complete, but the atria persist for a time as paired sacs. Such a heart have the following divisions: 
- The atrium receiving the blood from the primitive veins. The sinus venosus develops after by constriciton from the hind end of the atrium. 
- The ventricle, the main pumping region. 
- The bulbus, continuer into the short ventral aorta. 

- Imternally a pair of sinu valves (right and left) guards tne enterance into the atrium. Swollen endocardial cushions (dorsal and ventral) develop at the atrioventricular junciton, and two elongate ridges (dorsal and ventral) course in the bulbus. 

5- The unpaired heart which is a double walled tube is suspended by mesentrial attachement, the dorsal mesocardium is. 
2- External chnages in the heart

1- After the disappearance of the dorsal mesocardium, the heart unattached except at the two ends. 
2- As a reslt of the faster cardiac tube growth (in comparison to the pericardial cavity) the fused heart primordia bends to the right, with the ventricualr portion projecting ventrally. 
3- Further growth brings the ventricle far caudad and vantrad, and the bulbus arteriosus and the atria are brough close together. 
4- The atrium enlarges in lateral directions, and thus succulations are formed on each side which become the future right and left atrium. The location of the internal partition separating the two atria is marked externally by the interactrial sulcus. 
5- The right horn of the sinus venosus enlarges rapidly than the left, due to shift in the blood flow across the liver. 
6- As the bulbo-ventricular loop increase in size, the dublication between its two limbs lags in development and later disappear. The result is the formation of a single chamber, the primitive ventricle. 
- The primary ventricle is separated from the atria by a deep corronary sulcus. 
- The ventricle shows a median longitudinal groove that indicates the position of an internal the immaired chamber into two. This external groove is the interventicular sulcus. 

7- At first the heart lies in the cervical regon, but lengthening of the pharynx and the structures dorsal to it causes a relative recession twards the definite position in the thorax. 
3- Internal changes in the heart
A- The atrium: 
1- The atrium is partitioned by a median cresent shaped outgrowth, the septum primun. 
2- The septum extends from the rostal wall of the atrium its concavity directed towards the ventricle. The arms of the cresent fuse with the now singular endocardial cushion. 
- The small opening which persists for a short time in the septum prium is called the interatrial foramen. i. this foramen becomes obliterated after the formation II. 
3- The septum primum ruptures at its base near the atrial wall, this results in the formation of the ineratrial formen. II. This foramen is also called the foramen. 
4- A second interatrial partition, the septum secondun, appears just at the right of the septum primum. This septum deelops in a manner similar to the septum primum. Thus it is cresent shaped, and its arms also unite the foram an ovale. 
5- The growth of the two septa occurs in a manner that the free edge of the spetum primun overlaps the foramen ovale II, and severes as a flap like valve which permits the blood to pass from the right to the left side of the heart and not in the nervse direciton. 
- After birt the two septa fuse as the permanent atrial septum. A depression remains where the septum primum covers the defect in the septum secondum, this is known as the fossa ovale. 

B- The sinus venosus: 
1- The right horn of the sinus venosus receives the blood coming from the head and caudal parts through the anterior and posterior vena cava respectively. As a result of this increased function, the right atrium increases rapidlly in growth while the right horn of the sinus venosus lags in growth, and the latter is taken up in the wall of the right atrium. Consequently the cramal vena cova opens directly in the cranial wall of the right atrium, and the candal vena cava in its caudal wall. The main cavity of the atrium is bounded by the absorbed sinal wall. 
2- The transverse porition of the sinus venosus opens into the dorsal wall of the right atrium, recieves the veins of the heart itself, and persists as the coronary sinus. 
3- The opening of the sinus venosus into the dorsal wall of the right atrium is guarded by two vulvar folds, one on each side. These two folds unite forming the septum spurium which keeps the two valves tense. 
4-The cephalic portion of the relatively diminishing right valve of the sinus venosus, becomes a rduimentary crest on the wall of the right atrium at the junciton of the cranial vena cava. This is called the crista teminalis. 
- The rest of the valve is subdivided by a ridge into two parts. The large cephalic persists as the valve of the caudal vena cava Eustachian valve, while the remainder smaller portion becomes the valve of the coronary sines (thebesian valve). 
5- The left sinal horn shrinks and disapppears except for its tip which becomes the oblioue vein of the left atrium. 
6- With the growth of the left atrium, certain changes occur in the blood vessels opening in it. In small embryos a single pulmonary vein drains into the caudal wall of the strium. These vessel bifurcates into right and left veins, which in turn subdivide. Thus two subdivisions extend to each lung. As the atrium grows, these vessels are progressively drawn in the atrial wall, and finally four pulmonar into the left atrium. 
C- The ventricle: 
1- Paired mesenchymal masses called endocardial develop in dorsal and ventral walls of the constricted junciton betwene the atria and ventricles. 
- These cushions grow and approach each other, and later on fuse in a figure of -8  fashion giving rise to the fingular endocardial cushion, and the single atrioventricular canal is divided into right and left atrioventricular canals. 
2- A median partition projects inwards from the base of the ventricle to the ventral endocardial cushion, this is the ventricular sepum. Thus the common ventricle is divided into a right and left chambers. 
- The septum is incomplete, but a communicaiton occurs between the two ventricular chambers, this is known as the interventricular formen. 

3- By the closure of the foramen, after birth, a thin membrane complets the partition between the ventricles, this is the septum membranaceum. 
D- The tubles arteriosus: 

1- The bulbus or truncus artericsus is divided into an aortio  and pulmonary trunk by two proment thickenngs of the endocardial lining the two ridge and thus creating a dividing the the primonary arteries. 
2- Proximally the folds pursue a spiral course so that the aorta and pulmonary artery slightly interweve, with the latter ventral to the aorta. 
- the spiral division of the bulbus is continued toward the ventricular septum, in a way the base off the pulmonary trunk opens into the right ventricle, while the base of the aorta opens in the left ventricle. 
3- Two rarrow thickenings occur at the base of the bulbus. After the division both the aorta and pulmonary artery contain one of the smaller ridges and a half of each of the larger ridges. Proximally they enlarge and hollow out to form the thin-walled pockets, the semilunar vaves. 
E- Differentiation of the heart wall: 
1- The internal endothelial tube of primitive heart remains as the endocarium. The investing splanchnic mesoderm transforms into both myocardium and epicardium. 
2- The endocardium is orginally separated from the myocardium. The intervening space is filled with a flul jelly which is later invaded by rells and come to resenble  mucous tissue. The space is finally reduced as the jelly transforms into the connective tissue of the endocardium. 
3- The myocardium differentaties into a thin cortical layer of dense muscle and a thick spongy layer, poroject into the heart cavity. As the muscle trabeculae increase the originally simple sac of the endccardium dips into their interespaces and wrap around them. 
- The spongy myocardium condenses, first at the peribery and finally the entire cardiac wall becomes compact. The irregular muscle bundeles that persist next to the ventriclar cavities make up the trabeculae cornae. 

- The musculature of the ventricle is better developed than that of the auricles. The thicker wall of the let ventricle is acquired later after birth. 
- The myocardium becomes divided by connective tissue at the atrioventricular canal and leaves only a small bridge there. This connecting strands of modified muscle is the atrio-ventricular bundle (bundle of His). 

4- The surface of the epi-myocardial coat flettens into mesothelium. Combined with a substratum of connective tissue this mesothelim constitute the epicardium. 
5- The atrio-ventricular valves develop betwene the atria and the ventricles after the fusion of the two components of the endocardial cushions. Elevated folds appear  at the margin of the canal, which later on becom invaded by muscles and are attached to the musular trabeculae of the wall. These vulvular folds turn fibrous by the degeneration of the muscle, and the muscular trabeculae transform to chorda tendianne. 
- Three vulvular folds are formed about the right atrioventricular canal and develop to the tricuspid valve, while only two are found in the left sid and develop the bicuspid or mitral valve. 
III- The arteries : 

A- The aortic arches and ventral aorta: 
1- In vertebrates 6 pairs of aortic arches are formed, each pair extends from the ventral aorta and connects with the dorsal aorta. 
2- The fist run through the first branchial arch. This pair disappears early and is replaced by the mandibular vessels. 

3- The second arch course in the second branchial arch, disappears also early and is replaced by the stapedial artery. 
4- The dorsal aorta at the level of the previous arches persists but between the third and fourth arches the dorsal aorta atrophies. As a result there is a continuous vessel, beginning with the third arch and contunes with the dorsal aorta to the head region. This vessel as the proximal part of the internal carotid artery. 
- At the root of the third aortic arch on either side, the ventral aona continues as the external carotid arteries. 

- The ventral aorta on both sides between the third and aoric arches persist as the common carotid artery. 

5- The paired ventral aortae fuse in a single ventral aora or aortic sac between the forth and sixth aortic arches. 
6- The left fourth aortic arch persists as the permanent arch of the aorta, the ascending aorta. To this is that segment of the left dorsal aorta next caudad. 
7- The right half of the aortic sac elongates into the imnominate artery (in human) or the brachiocephalic artery (in animals). This anery serves as a common stem for the common carotid and the brachial (subclavian, in human) artery. 
- The branchial artery begins with the right fourth arch and then continues caudad to include all of the right dorsal aorta down not he level of the union of its mate. 

- The left brachial (subclavian) is formed separately and connects with the left dorsal aorta a little caudal to the sixth arch. 

8- Certain variations from the above description occur in some animals, these are: 
- In the pig, horse and ox, a single trunk is formed by the fusion of the proximal portion of the left and right common catotid arterle. This single vessel originate from the right fourth aorule arch, and is origin designates the meeting or the right subclavin and brachiocephalic arteries. 
- In the horse and ox, the left subclavian artery translocates from the dorsal norta on to the proximal segment of the right fourth acrtic arch. Thus the ost proximal megment of the right fourth arch is the common brachiocephalic trunk the vessel continues as the right subclavian. 
9- The sixth aortic arch comes into existance when a sprout from each dorsal aorta bridges across to the caudad from the aortic sac to the lung buds. 
- On the right side the segment of the aortic arch atrophies distal to the origin of the pulmonary artery. 

- On the left side the segment of the 6th aortic arch distal to the origin of the pulmonary artery persists as the ductus arteriosus. This duct funcitons as a shunt for blood from the pumonary trunk to the dorsal aorta. 
11- The right dorsalaorta between the bud of the right forelimis and the fused dorsal aorta disappeares. 
B- The dorsal aorn

1- Before the fusion, the paired dorsal sortae bears dorsal, lateral and ventral branches. These are repeated serially (mostly segmentally) and are given candal to the last aortic arches. 
- Similar bran ches are given from the single descending aorta. 

2- Some of these branches perisst, while other vanish. 
This is described in the following paragraphs 

A- The dorsal branches: 

1- The dorsal branches are intersegmental. They divide awing dorsal and ventral rami. 
2- The dorsal rami give off neural spinal branches, which blfurcate into dorsal and ventral spinal arteries which supply the spinal cord. 
3- Longitudinal anastomoses occurs between the intersegmental first six dorsal rami in the cervical region, result in the formation of a paired vertebral arteries. 
- The roots of these intersegmental arteries atorphy later on, with the exception of the last one at the level of the anterior limb bud. Thus the vertebral artery arises from the sixth cervical intersegmental. 

- The vertebral arteris arise from the subclavian arteries in both sides. In the horse the right vertebral translocates and arises from the right branchiocephalic. 

- The two vertebral arteris fuse in the region of the brain to form the basilar arery. The latter together with the paired internal carotids form the circle of wills. 
4- The ventral rami of the dorsal intersegmental arteries become prominent in the thoracic and lumbar regions, where they persists as the intercostal and lumbar arteries. 
- Longitudinal ventral anastomosis of these rami complete a vascular chain known as the internal thoracic, cranial epigastric and caudal epigastric. 

B- The lateral branches: 
1- The lateral branches arise from the descending aorta. 
2- These are not segmentally arranged they supply structures arising from the nephrotome region. 
3- The original number is reduced, those persisting are renal suprarenal, caudal phrenic, and testicular or ovarian arteries. 
C- The ventral branches: 

1- The ventral branches of the dorsal aortae are imperfectly segmental. 
2- These branches primidvely consistute the parred vitelline (omphalomesenteric) arteries to the yolk sac. 
3- As the aortae fuse together, single ventral vessels appear and number is progressively reduced until they exit at three levels only. 
4- The existing vessels pass by way of the mesentery to the gut and are converted into the coeliac artery of the stomach pncreas region, the cranial mesenteric of the small intestine region, and the caudal mesenteric of the large intestine region. 
D- The umbilical arteries: 

1- These arteries develop as ventral branches which accompanythe allantois and continue through the body stalk to the chorion. 
2- The arteries acquire secondary lateral connections with the aorta and the earlier ventral stem disapppears. 
- The new replacing stem (from the aorta to the level of the external iliac) becomes the common iliac. The remainder of the original umbilical trunk makes up the internal iliac artery. 
3- When placental circulation ceases at bith, the distal portions of the bypogastric ateries (from the bladder to the umbilicus) collapse and convert to the sold round ligaments of the blade. 
IV- The veins: 
Three systems of paired veins are present in the embroys. 

1- The umbilical veins from the chlorion. 
2- The vitelline veins from the yolk sac. 
3- The cardinal veins from the body (the anterior cardinal from the head region, the posterior cardinal from the body, both unite into common cardinal veins). 
- The posterdinal are replaced later on by the subcardinals and supracardinals. 
- The final venous system is developed from the above veins by means of transformation, replacement, shift of position and direciton, anastomosis and loss by atrophy. 

A- Transformation of the Vitelline Veins: 

1- The paired viteline veins follow the yolk sac into the body, they then turn cephalad, continue alongside the short fore-gut to the septum transversum and enter the sinus venosus. 
2- Ino the septum transversum grows the liver bud, as a result the vitelline vessels at the level of the liver are transformed into a network of sinusoids that are incorporated into the expanding hepatic lobes. 
3- As a result of the aboe arrangement, each vein is divided into: 
- A distal segment sextending from the yolk sac to the liver, later converted to the portal vein. 

- A proximal stem which returns the blood to the sinus venosus, later converted to the hepatic vein. 

4- Candal to the liver, the paired vessels communicate by three cross anastomosis: 
- A cranial concection ventral to the duodenum. 

- A middle bridge dorsal to the duodenum. 

- A caudal conneciton ventral to the duodenum. 

5- These two venous rings, through which the not passes, are not permanent but certain parts atrophy and disappear and result in the change of the portal vein which becomes S- shaped. 
- Thus, the left limb of the ranial ring and the right limb of the caudal ring atrophy nd disappear. 

6- With the decline of the yolk sac and cessation of the vitelline circulation the caudal parts of the vitelline veins atrophy, and the caudal limits of the portal vein is established by the union of the splenic and cranial mesenteric just caudal to the transverse a anastomosis. 
7- The proximal segment of the early vitelline veins drain the blood from the sinusoids into the sinus venosus. 

- The left vitelline later decline and disappear. 
- The right vitelline survives as the hepatic vein. 

B- Transformation of the umbilical veins: 

1- The two umbilical veins run in the body wall, and towards the liver and heart they is lateral to the vitelline veins. Their transformation occurs at same time with the vitelline. 
2- The lobes of the liver expand laterally and soon come in contact with the umbilical veins. Both vessels are taped and their blood is diverted to the heart through direct routes by way of the hepatic simusoids. 
3- The entire right umbilical, and the proximal part of the left atrophy and disappear. 
4- The distal part of the left umbilical remains, shifts to the midline and occupies the free edge of the falciform ligament. 
5- The ductus venosus, develops through enlargement of certain hepatic sinusolds. It continues in direct line with the left umbilical vein and empties in the inferior vena cava. Thus the purer blood from the placenta flows to the heart without entering the general hepatic circulation. 
- After birth, the ductus venous transforms to the solid liganentum venosum. The lumen of the left umbilical obliterates and from the umbilicus to the liver its fibrous remant constitute the ligamentum teres round ligament of the liver. 

C- Transformation of the crdinal veins: 
A- The precardinal veins: 

1- The precardinals of both sides communicate by an oblique venous channel which shunts the blood from the left to the right vein. This results in the loss of connection of the left vein with the left common cardinal, and the left precardinal survives as a part of the high intercosatal vein. 
2- The left common cardinal comprises most of the oblique vein of the left atrium. 
3- The right common cardinal, and the right precardinal as far as the intercardinal anastomoses becomes the silperior (anterior) veina cava. 
4- The intercardinal anastomoses forms he left innominate vein. 
5- The right precardinal between the anastomosis and the right subclavian becomes the right innominate vein. 
6- The distal part of both precardinals persists as the internal jugulars. 

7- The external jugulars and the subclavian veins are extraneous vessels that develop independantly and attach secondarily. 

B- The postcardinal veins: 
1- The postcardinal (posterior cardinal) veins rise as the vessels of the mesonephros. They run dorsal to the mesonephros and receive tributaries from the legs and body wall. 
- The postcardinal unite with the precardinal of its side forming one stem, the common cardinal. 
2- The two postcardinals unite caudally by an anstomosis which also receives the caudal and leg veins, this is the iliac anastomosis. 
3- Most of the poscardinal veins atrophy and disappear, the following, however, are the permanet representative of the postacardinals: 
- The root of the azygous vein on the right side, formed by that part of the right postcardinal at the junciton with the cranial vena cava. 

- The left common iliac vein arises from the iliac anastomosis. 

- The common iliacs which are annexed to the posterior vena cava. These receive the veins of the leg later one. 

C- The subcanoral veins: 

1- The subdcardinal veins appear ventro-medial to the mesonephros, and connect each other and with the postcardinal veins. Their connection with the osteardinals occur both cranially and laterally. The cranial connection with the postcardinal is soon lost. Similarly the lateral connection disappear. 
A prominent set of connections between the two subcardinals, midway in their course, serves as the stem uniting the left renal vein to the vena cava. 

4- The subcardinals contribute to the formation of the following permanent vessels: 
The paired suprarenals. 

- The sex veins. 

A segment of the vena cava, formed from the right subcardinal (the pretenal segment). 

D- The supencarminal veins: 
1- The supracardinal veins appear dorso-medial to the subcardinals. 
2- The supracardinals become broken in the region of the kidney. 
3- Above this level the two veins unite by a cross anastomosis and give rise of the followings veins: 
The hemiazygous arise from the cranial part o the left suracardinal and the cross anastomosis. In the ox and pig the hemiazygous predominates. 

- The azygous arise from the cranial part of the right suracardinal. As previously mentioned the root of this vessel arise from the right postcardinal. 
4- Below the kidney, the following vessels arise: 
- The right supracardinal forms the postrenal segment of the vena cava. 

- The left supracardinal disappear. 

5- The subcardinals and supracardinals of the right side anastomose and give rise to the renal segment of the vena cava of the right side. 
E- The posterior vena cava: 

1- The posterior vena cava is an unpaired vessels and formed of four segments. The origin is as follows: 
2- The hepatic segment, is derived from the caudal extension of the hepatic vein (proximal right vitelline) and the hepatic sinusoides. This segment connects with right subcardinal. 
3- The preenal segment develops from the right subcardinal. 
4- The renal segment represent the anastomosis that unites the right subcardinal and the right supracardinal. 
5- The postrenal segment arise from right supracardinal and extend to the level of the iliac veins. The iliacs are connected to the vena cava when the postcardinals degenerate and leave them without central conneciton. 

6- The vena cava receives the following tributaries: 
- Renal veins, arising independentaly from the cardinals. (Some authors state that the right renal arisefrom the supracardinal and the left from the subcardinals). 

- The suprarenal veins, arising from the subcardinals. 

- The spermatic or ovarian veins, arising from the subcardinals. 

- Posterior intercostal and lumbar, arising from the ostcardinals, after the degeneration of the postcardinals they connect secondarly with the supracardinals, and later posterior intercostal drain in the azygous while the lumbar drain in the vena cava. 

7- The caudal segment of the posterior vena cava and the common iliacs are derived from the postcardinal veins. 
V- The foetal circulation: 
A- The circulation during foetal life: 

1- Oxygenated blood reach the embryo from the placenta by way of the umbilical the persisting left) vein and is conveyed to the liver. 
- From the liver the blood flows to the posterior vena cava, partily through the ductus venosus but mostly through the liver sinusolds and hepatic veins. 

- The impure blood of the portial vein and posterior vena cava partially contaminate the large volume of palcental blood. The mixture is thus well oxygenated. 
- The posterior vena cava empties its contents in the right atrium. 
2- The anterior vena cava empties its oxygen-poor blood (coming from the upper body and head) into the right atrium also. 
3- Within the heart the blood follows the following routes: 
- The blood from the anterior vena cava is directal into the right ventricle, leaves the heart through the pulmonary artery. A small amount of this reaches the lung while the majority pass through the ductus arteriosus to the aora. This blood is distributed to the trunk, viscera and the placenta. 
- The purer blood of the posterior vena cava follows a double path. A small amount goes directly to the right ventricle and follow the same course as the blood coming from the anterior vena cava. The major part pass the foramen oval into the left atrium, pass to the left ventricle and pumped in the aorta. The bicardotid, the coronary vessels are among the first branches from the aorta, thus purer blood reaches this area. The rest become mixed with the blood of the anterior vena cava in the aorta after the junciton with the ducts arteriosus. 

- Near and after parturition: 

1- Shortly before birth, the pulmonary circulation increases. As a result the of blood from the right to the left atrium deceases. The blood flows more through the pulonary pathway, i.e. the right atrium-right entricle-pulmonary artery- lungs pulmonary vein-left atrium. 
2- After birth certain gradual changes occur in the ciculary channels as a result of start of lung funciton and cessation of placental circulation. The changes are summarized bereunder. 
3- By equilificaiton of blood intake in the two atria, the septum primum and the septum secondum fuse with each other, and the site of the foramen oval is marked by the fossa ovalis. 
4- By the start of the lung funciton, the blood pumped in the pulmonary artery is diverted towards the lung, and as a result the bloodflow in the ductus arteriosus diminishes. As a result the duct is left without funciton and finally transferred to a ligament, the ligamentum arteriosum. 
5- As a result of the cessation of placental circulation the umbilical vessels contract and loose their lumina and are transferred to fibrous ligaments. 
- The distal part of the umbilical artery becomes the round ligament of the bladder, while the proximal part contues as thefunctional hypogatric. 

- The umbilical vein transforms to the ligamentum feres of the liver. 
 - The ductus venosus transforms to the solid ligamentum venosum which is superfically embeded in the wall of the liver. 

VI- The lymphatic system: 
1- The lymph vessels: 

A- General remarks: 

1- The lymph represents the excess tissue flud from the arterial transudate which remains over and above that can be returned via the venous pathway lymph also carries agarnulocyte which are formed in the lymph nodes. 
2- The origin of the lymph vessels is quite controersial. 
- The general view state that the vessels develop as endothelial lined clefts in the mesenchyme, and therefore independent of blood vessels. 

- Others state that the lymph vessels originally bud from the blood vessels and early in their existance contain blood for a short period. 

B- The development of lymph vessels: 
1- The lymph vessels originate in a manner similar to that of the blood vessels. Thus they originate as discrere spaces in the mesenchyme, the mesenchymal cells borering each space flattens into an endothelial liming. The cleft link into a continuous channel by fusion. The channels grow and extend further. 
2- The first plexus of lymphatics is distributed along the primitive main venous trunk. This is formed of five sacs presented hereunder in the order of their development in the pig. 
- Paired jugular sacs, situated lateral to the internal jugular veins. 
- Paired posterior or sciatic sacs, related to the common iliac veins. 
- Single, retroperitoneal sac, at the root of the mesently close to the drenal glands. 

- In the human, the retroperitoneal sacs develp earlier than the posterior sacs. 

3- The cisterna chyli, develop cranial to the retroperitoneal sac as paried sacs, each called a receptaculum chyli. The two sacs fuse to form the singular cisterna chyli. This cistern marks the caudal limit of the tharacic duct. 
4- Th lymph essels develop from the sacs and extend to the surroundings in the following manner: 
- The jugular sac gives off vessels to the head, neck and forelimbs. 
- The retroperitoneal sac gives off vessels to the mesentry. 
- The posterior sac gives off vessels to the hip, back and hindlimbs. 
5- The sacs are broken later on into network of channels and are replaced by lymph nodes. 
6- The thoracic duct develop at the cisterna chyli and extend cranially to empty in the anterior vena cava. Caudally it is on the right side but assumes a left position near the cranial end of the thorax. 
7- The chief tributaries of the thoracic duct are the two lumbr trunks and the two intestinal trunks. 
- Two thoracic ducts may be present. 

8- The right lymphatic duct, arise by the union of the lymlph vessels draining head, neck, right forelimb, and thorax. This duct opens in the anterior vena cava to the right of the thoracic duct. 
- Considerable variations in the location of this duct are described, including the persistance of bilateral ducts. 

2- The lymph nodes and the spleen: 
A- The lymph nodes: 

1- Lymph nodes make their appearance when the lymph sacs break down into small plexuses (interanastomosing) lymph vessels. Lymph glands develop later along the course of the lymph vessels. 
2- Mesenchyme invade these plexuses and surronds the lymph vessels, and thus the lymphatic plexus is in association with mesenchymal strands. The latter transform into diffuse and nodular lymphatic tissue, with a central sinus. 
3- The crowded lymph vessels in the periphery coalease forming the peripheral sinus. 
4- A connective tissue capusle develops then around the lymph plexuses and lymphatic tissue. 
- Trabecuae spread from the hilus to the periphery. 

- The original plxus become altered to form sinusolds, and the lymphoid tissue transforms to secondary and primary nodules arranged in the cortex (periphery and lymphocytes towards the medulla, of the lymph gland. 
5- Blood vessels enter and leave at the hilus. 
6- The lymphatic vessels in the periphery become the afferent vessels, and only one of them that becomes the efferent vessel. The lymph vessels develop valves along their course. 
B- The hemal lymph glands: 
1- The hemal lymph glands develop in a manner similar to the lymph nodes. Here, however, the mesenchyme condenses around a blood vessel instead of lymph vessels. 
2- The peripheral sinus arises independantly and its vascular connections are secondary. 

3- These glands are called hemolymph or miniature spleen. 
C- The spllen: 
1- The spleen apears as a thickening of the msenchyme in the left side of the mesogastrium (great omentum). This thickening result from the accumulation of mesenchynal cells beneath the peritoneium. 
2- By continued growth, the prinordia appears as elevations that project above the omental surface. These elevations later merge in one mass the spieen. 
3- The region of union of the spleen with the dorsal mesogastrium develops slower and as a resultit is reduced to a narrow band, the gastro-splenic ligament. 
4- The splenic mass, which is made of mesenchymal cells is highly vascularised and differentiates into a capsule trabeculae and bulb cords (lyraphocytes). 
- The sinuses originate as separate cavities in the mesenchyme. 

- The cell cords become myeloid in type containing all the developmental stags of erythrocytes, granuolocytes and megakaryocytes. The development of lymphocytes continue throughout life but the formation of erythrocytes and granuolocytes ceases shortly after birth. 

The digestive system 
I- The primitive gut: 
1- The primitive tissue of the entire digestive system is the entoderm. 
2- The gut entoderm, arises asa differentiated part of the entoderm lining the yolk sac. The gut entoderm is that part which underlines the embryonic disc, and serves as a roof to the early yolk sac. Its epithelium is tall. 
3- When the embryonic disc folds, the gut participates and this leads to the appearance of the fore and hind-gut in the following manner. 
- The entoderm is pushed into the head and then into the bind end of the body. In this mannen the entoderm takes the form of two internal blind tubes, thefore-but cranially and the hind-gun caudally these tubes open by the intestinal portals where they join the yolk sac. 

- The mid-gut is the internediate segment and opens ventally into the sac through the yolk stalk. 

- Both the fore-gut and lind-gut elongate and oaden so as to approximate the growth of the embryo and the mid gut gradually becomes a part of the gat. 

4- The primitive tubular gut differentates into the alimenally canal. 
- The fore-gut fransforms into the mouth, phary and digestive point far along the small intestine. 

- The hind- gut transforms into the rest of the small intesines, the and the rectum.

5- The gut gives rise to the respiratory tract, the exoenne glands associated with the digestive stystem and some endocrine glands. 

6- At each end the gut comes ventrially into direct contact with the ectodernm. The fused plates are the oral membrane cranially and the cloacal membrane caudally. 
- The oral membrane makes a floor to an external depression known as the oral fossa or stomodaeum. When this membrane ruptures the fossa and fore-gut merge. 

- The cloacal membrane makes the floor of the depression found at the caudal end of the body. The depression is the procedaeum. 

The caudal end of the gut forms the cloaca, which later subdivides to the rectum and the urogenital sinus, thus by the rapture of the cloacal membrane, the proctodaeum wall form a part of the anal canal. 

The primitive gut extends candal a little byond the docal membrane, this is the tail gut or post-anagut. This part of the tube disappears early in foetal life. 

II- The Mouth and Associated structures: 
1- The mouth is formed of the stomodaeum and the anterior part of the fore-gut. This is completed when the oral membrane tuptures. Thus the roof and much of the sldes are ectodermal, and the rest is entodermal. 
- The stomodael cavity deeps as a result of the anterior growth of the surrounding structures. 
- Early in its formation, the mouth cavity is a broad, flat slit-like opening which blends caudally with the pharynx. 

2- The primitive jaws are solid masses which later differentiate into lip and gun regions. 
- The upper jaws are formed by the union of the forward progressing maxiallary processes with the nasomedial processes. 

- The lower jaws are formed of the mandibular arches. 

- Both the maxiallary processes and mandibular arches are joined together at the angle of the mouth. 

3- The lip is separated from the gun by the appearance of the labial lamella. The lamella grows from the ectodermal covering of the primitive jaw into the underlying mesodern. 
4- The cheeks come into existance through the reduciton in the extent of the originally broad mouth opening . this results from progressive fusion of the nos as their lateral angles. 
5- The teeth develp from the dental lamina. The lamina develops from the ectoderm in conjunction with the labial lanina. 
6- The rathke's pouch arises as a dorsal evagination from the roof of the stomodaeum (this is described in detail together with the development of the pltuitary gland). 

A- The oral glands: 

1- The oral glands are ectodernal deriatives. 
2- The primordium arise as an epithelial bud and grows by branching into a tree-like system of solid ducts. The end twigs of the ducts round out into secretory acini. The main stem persists as the duct of the gland. 
3- A dense mass of mesenchyme, in which the epithelial primordium lies, subdivides the gland into lobules. 
4- The parotid glands are the first to appear between the mandibular archand maxillary process. 

- The mandibular appears later in the goove between lower jaw and tongue. 

- The sublingual glands are the last to appear, also in the groove between the lower jaw and the tongue. 

B- The palate: 
1- The original oral cavity is subdivided by the development of the palate into the nasal cavity and the permanent mouth cavity. (look the development of the nasal olfactory organ). 
2- The primordia of the palate are two shelf-like folds that grow from the maxillary process of the upper jaw towards the mi plane of the mouth cavity. 
- These folds are called the lateral palatine processes, they fuse first with each other than with the nasal septum. 

3- The median palatine process arise as a triangular piece of tissue from the fused nasonedial and frontal processes. This process grows caudally and fuses with the lateral palatine process, and in this manner the platate is formed. 
4- Ossification occurs in the front part of the palate (region of union with the nasal septum) and this part forms the hard palate. 
- Gaudally ossificaiton fails, and this region constitutes the soft palate. 

5- Transverse ridges are developed in the mucosal convening of the hard palate. 
III- The pharynx and assocated structures: 

A- The pharynx: 
1- the pharynx is differentiated from the cephalic part of the fore-gut. 
2- The pharynx becomes flattened dorso-ventrally. As a result the lumen becomes wide laterally and pressents lateral extensions of each side known as the pharyngeal pouches. There five pairs of these pouches. 
3- The main pharyngeal chamber becomes the adult pharynx. 

4- The pharyngeal pouches transform to some endocrine glands. The detail of this is described together with the endocrine glands. However they are mentioned hereunder: 
- The first pair of pharyngeal pouches gives rise to the typmphanic cavity and eustachian tube (look the development of the ear). 
- The second pair is largely absorbed and may persist as the tonsiilar fossa. 

- The third pair gives rise to the parathyroid III, from its dorsal wing, and the thymus III from its ventral wing. 

- The fourth pair gives rise to the parathyroid IV and thymus IV (Look the development of these glands together with the endocrine glands). 

- The fifth pair is arypical and mostly stached to the fourth. It gives rise to the ultlmobranchinal body. The latter body is an " L" shaped sac, whose significance is unknown. 
5- The thyroi gland arises from the floor of the pharynx. 
B- The tongue: 
1- The tongue is formed from ectoderm primarily and underlying mesenchyme in the floor of the pharynx. 

2- The root of the tongu arises as an elevation called the copula, in the midline at the base of the second branchial arch. It recievs contribuctions from the third and fourth branchial arches. 
- It is therefore convered by endodem. 
3- The body of the tongue (the free part of the tongue) arises partiallyfrom a small median elevation called the tuberculum impar, but mainly from lateral swellings called the lateral lingual prinordia. 
- The lateral lingual primordia, appear first at the level of the first branchail arch, fromwhich they arise. They enlarge rapidly and become located bilterally in a position somewhat caudal to their origin. 

- The tuberculum impar is unpaired and triangular in shape. This part grows slowly and becomes crowded in by the rapidly growing lateral lingual primordia. 

- The body of the tongue is covered by ectoderm. 

IV- The digestive tube: 

1- The digestive tube (oesophagus, stomach and intestine) consists of: 
An internal tube of entoderm, this becomes the lining epithelium. 
- An investing layer of splanchric mesoderm, that specialize into connective tissue, sunscle and surface pertioneum. 
2- The higher level of the tube begin specialization sooner than the lower levels. 
3- The muscosal lining expands faster than the outer wall and thus is thrown into folds that provide additional secondary and absorptive surface. 
A- The oesophagus 

1- The oesophagus is the first part of the digestive tube and develops caudal to the pharynx. 
2- The oesophagus develops into an elongate tube of narrow diameter. 
3- mesenchymal cells colect around the endodernal tube forming the wall of the oesophagus. 
4- An oesophageal diverticulum develop at the oesophagealcardiac stomach junciton. 
B- The stomach: 

A- The simples stomach: 
1- The stomach appears first as a spindle-shaped dilatation of the foregut. Its is somewhat flattened, and originally lies in the median plane and in a higher level and then descends in the abdomen. 
2- The simple structure charges its position, shape and oriencation as it grown. 

3- Thedorsal border grows faster than the ventral wall and this produces the convex greater curvature in contrast to the passively concaved lesser curvature. 

- The fundus arises as a local bulge near the cranial end of the stomach. 

4- The stomcah rotates on its longitudinal axis in a manner so that its dorsal donvexity shifts to the left and then to the ventral side. 

- The longitudinal axis of the stomach also shifts by a rotation so that it comes to lie in a plane diagonal to the logitudinal axis of the embryo with the cardiac end of the stomach to the left and the phyloric end to the right of the midline. 

B- The ruminant stomach : 

1- The fore-stomach, namely the numen, reticulum, and omasun as well as the ture gastric portion develop from the original stomach succulation, these are seen as distinct succulation in the 30-35 day (14-16mm) bovine embryo. 

2- The reticulo-ruminal primordium develops from the primitive stomach. This separates into a cranial ruminal and caudal reticular portions. 

- Because of the presence of the liver and diaphragm, the rumen is prevented from developing crainally, instead it turns so that its blind sac becomes directed candally. 

- The reticulum is displaced to a cranial-ventral direciton, this is affected by the diminution in the size of the liver and the active growth of the rumen. 

3- The omasum arises as another dilation on the right side of the primitive stomach. Originally its greater curvature is directed to the right and somewhat ventrally, the omasum is later displaced to the right by the growth of the rumen. 

- Before birth, the greater ourvature is displaced again dorsally by the growth and displacement of the abomasum. 

4- The abomasum arises from the primitive stomach. Originally its larger curvature is directed to the left and somewhat dorsally. The pressure of the rumen displaces the abomasum so that the greater curvature is directed entirely to the left. 

- A few weeks before brith, the abomasum starts to develop activiely, and isforced to grow on the right side of the rumen, so that its greater curivature lies ventrally in the right part of the abdominal cavity. 

- The position of the abomasum is changed few months after birth, so that it again lies ventral to the rumen in the left half of the abdominal. 

c- The intestine: 

1- The primitive gut caudal to the stomach region is at first a straight narrow tube with a ventral yolk stalk opening at its midpoint. 

- The segment of the intestine above the yolk stalk is designated the cranial limb of the intestinal loop, and the segment below it is the caudal limb of the intestinal loop. 

- The intestine is supported from the dorsal body by the dorsal mesentry. 

2- The intestine flexes ventrally and by the maked flexion an intestinal loop, which is U-shaped, is formed by the above mentioned limbs and is centred on the yolk stalk. 

- The atachment to the yolk sac discontinues, and a remant of the yolk stalk called Meckel's diverticulum is sometimes found in the wall of the small it is of clinical significance since it may be perforated in young or adult animal. 

3- A bulging in the caudal limb indicates the caecun, and markes the boundary between the small and large intestins. 

4- The oranial liab of the intestinal loop develops into the duodenuma, ejunum and nearly all of the ileum. 

- caudal limb develops, into about 60cm of the ileum and the entire large intestine (caecum, colon and rectum). 

5- With the mesentry as a centre, the ntestine rotates so that the cranial limb of the intestinal loop is carried from the midplane to the right and caudal, while the caudal limb is carried to the left and cranial. 

The gut lengthens greatly, so that the belly cavity no longer contains it and the intestinal loop escapes into the umbilicus forming a temporary hernia. 

6- The caudal extemity of the posterior gut region is at first a combined urogenital-digestive tube structure called the cloaca. Through the growth of the urorectal septum the cloaca becomes divided longitudinally into a dorsal rectum portion and a ventrabladac urogenital sinus portion. 

- The anus represents a short tubular invagination of the ectoderm posterior to the original clocal membrane. 

D- The liver and gall bladder: 

1- The liver is a ventral outgrowth from the gut entoderm in the region of the anterior intestinal portal. Its primordium lies between the pericardial cavity and the attaching yolk stalk. 

2- The hepatic divericulum appears as a sacculation from the floor of the doudenum. 

This consists of a cranial porition which will differentiate into the gandular tissue and its bile duct, and a caudal portion that becomes the gall bladder and its cystic duct. The ventral pancreas arises also fom the caudal poriton. 

3- The hepatic diveticulum forces its way ventral between the layers of the splanchnic mesoderm. (This mesodrm funishes the septum transversum). The continued growth spreads the two layers of the resoderm apart, so that they are reflected over the surface and form he capsule of the liver. 

- The cranial portion of the hepatic diverticulum buds off epithelial cords. The diverticulum lies close to the paired vitelline veins, as a result the veins at this area are transforme into a network of sinusoilds that are mcorporated into the expanding hepatic lobes. 

- These sinusolds come to interconnect the supplying (portal) and draining (hepatic) vessels. These two vessels approach each other in an alternating or dovetail manner. 

5- The external lobation of the liver is influenced by the vitelline and umbilical veins. Right and left hepatic lobes are early recognizable, while the quadrate and caudate lobes make their appearance later. 

6- The main hepatic divericulum elongat into the dictus choledoculus (common bile duct) and hepatic duct. 

- The bile ducts within the liver arise in a secondary manner and transform into interlobular ducts. 

7- The gall bladder cnstitutes a separate caudal region of the originally shallow hepatic diverticulum. 

- First it is a solid cylinder which is carried away from the duodenum by the elongating common duct. Later this is different into a terinal bulbus structure, the gall bladder, and a neck, the cystic duct. 

- in some embryos the gall bladder is at first bi- or trilobed. 

In the equine and camel the caudal portion of the hepatic diverticulum does not differentiate and thus these animals did not exhibit a gal. 

But is secreted rather early in foetal life, in the human on the third month. 

3- The pancreas: 

1- The pancreas anse borsal and ventral, which appear oposite to each other from the fore- gut (duodenum) immediately cadual to the stomach. 

2- The dorsal pancreas pusnes out from the dorsal wall of the duodenum just oramal to the hepatic diverculum. 

The ventral pancreas appears ventrally in the caudal angle between the gut and the hepatic diverticulum. 

- The dorsal primordium is lrger and grows out more rapidly. 

3- The primorida arise as solid cord proliferations, which branch and rebranch extensively. The cavitation of the original cord and their terminal ends, result in the formation of the secretory acini and the ducts of the exocrine part of the pancreas. 

-  The islets of langerhans, which represent the endocrine portion, originate as solid cords from the ducts and secretory acini of the pancreas. They then separate and appear in the stroma between the acini. 
- In growth of connective tissue subdivide the gland into lobes and lobules. 

4- The two pancracatic lobes fuse with each other. This is affected by the rotation of the stomach and the unequal growth of the duodenal wall which brings the ventral pancreas into the dorsal mesentry near the dorsal pancer the lobes therlock intematory. 
5- The pancreas ducts become intermingeled and their main axis may become joined through an anastomosing branch. The main panceratic duct is formed differently in different animals. 
- In the horse and dog both ducts persist. The dorsal duct (of santorin) opens directly in the duodenum, the ventral duct (of santorini) opens directly in the duodenum the ventral duct (of Wirsung) opens in the duodenum by way of the common bile duct. 

In the sheep and man, the two ducts fuse with each other. The ventral one taps the dorsal foming one pancreatic duct, of Wirsung). This is formed of the distal segment of the dorsal duct and the entire ventral duct. This duct communicateds with the duodenum through the common bile duct. 

- In the pig and ox the proximal portion of the main ventral duct atroptiles, and the dorsal one persists as the definite pancreatic duct. 

The respiratory system 
I- The upper respiratory system 
1- The upper respiratory system develops with theformation of the face region. 
2- The development of the neasal cavity had been described earlier together with the development of the nasal olfactory organ. 
3- The separation of the nasal from the mouth cavity is affected by the development of the palate. 
4- The nasal spetum lies between the two olfactory pits. This grows ventrally and caudally and join the palate. In doing so the septum separates the nasal cavity into two chambers. 
5- The wings and margin of the nose are formed by the union of the lateral nasal process with the maxillary process of the first branchial arch. 
6- The paranasal sinuses develop by evagination from the nasal epithelium. 
II- The lower respiratory system 
A- General : 

1- The earliest indication of the future respiratory organ is the laryngotracheal groove, which runs lengthwise in the floor of the foregut just caudal to the pharyngeal pouches. 
- In surface view the entoderm projects as a ventral ridge. 
2- This primordium gives rise to the larynx, trachea and lungs. 
3- A lateral furrow appears on each side along the line of junction between the ridge and oesophagus. This furrow deepens and extends cephalad, thus splitting first the lung bud and then the trachea. 
4- This primordium gives rise to the epithelial liming of the respiratory tract, while the connective tissue, the cartilage and the musculature surrounding the adult respiratory structures are of mesenchymal origin. 

B- The larynx: 
1- The upper part of the larynx rises out of the pharyngeal floor in the region of the glottis. The lower part forms around the stem of the trachea. 
2- The epiglottis arises as a midventral elevation from the bases of the third and fourth branchial arches. This elevation forms a transverse flap guarding the enterance to the larynx. Later on cartilage differentiates internally in the epiglottis. 

3- The glottis is the slit that opens from the floor of the pharynx into the trachea. 
- Originally the glottis is slit-shaped, with the growth of the arytenoid swelling (originatefrom the fifth archye, and bound the glottis laterally) the laryngeal orifice becomes T- shaped later, the opening becomes oval. 

4- The carilages and intrinsic muscles of the larynx arise from the branchial arches: 
- The epiglottis arises from the base of the fourth arch (and receivs contribution from the third arch). 

- The thyroid and the cuneiform cartilages arise from the fourth arch. The fifth arch may contribute to the thyroid. 

- The arythenoid, the corniculate and cricoid cartilages arises from the fifth arch. 

5- The laryngeal ventricles becomes evident with the appearance of the oval contour of the glottis. This result from the disolution o the fused epithelium which close temporary the enterance to the larynx. 
- The vocal cords arise as lateral shelves that bound the laryngeal ventricles caudally. They later differentiate elastic tissue. 

C- The trachea: 

1- The tracheal tube elongates rapidly for a time. It bifurcates to form the primary branchi, these in turn divide into secondary bronchial bunds which will later develop into the lobes of the lungs. 
- In the human there are 18 generations of pulmonary branchings at birth. Continued rebranching results in a final number of about 24 generations in the adult. 
2- The epithelial lining changes but little from its early columnar form. 
3- Muscle fibres and cartilagenous rings differentiate from the surrounding condensed mesenchyme. 
4- The glands develop as ingrowths from the epithelium about the middle of the foetal life. 

D- The lungs: 

1- The two lung buds develop from the extreme caudal and of the laryngotracheal tube. 

- The branching to bronchial buds is described above. 
2- Finally the branching in each pulmonary lobe becomes bush-like with dorsal, ventral lateral and medial rami. These rami become dilated and give rise to the air sacs of the lungs. 
- The air sacs are surrounded by capillary network and they grow in loose mesenchyme on either side of the middle line. The external surface of the lung is covered by pleural mesothelium. 

3- The furture lobation of the lung is affected by the primary division of the tracheal tubes. 
The endocrine glands
1- The pituitary gland 
The pituitary or hypophysis cerebri has a double origin: 
a- The glandular, epithelial part, develops from an ectodermal pocket of the stomodaeum known as the Rathke's pouch or pocket. 
b- The neural portion arise from a sac-like extension of the infundibulum which develops from the floor of the diencephalon. 
A- Rathke's pouch: 
1- Originally a shallow sac which arise form the roof of the stomodaeum. 
2- The sac quickly and flattens and become moded like a double layered cap agains, the infundibulum. 
3- The conneciton of the pouch with the oral epithelium elongates into a stalk which lags in development and vanishes later. 
4- After the disappearance of the oral membranes, the pouch comes to be located on the roof of the primitive mouth. 
- Later when the palate separates off the nasal passages, it lies at the dorsal and caudal border of the nasal septum. 

5- The cavity of the pouch becomes slit like and forms the residual cavity or lumen of the adult gland. 
- The anterior wall, ro the outer layer of the cup, thickens greatly and differentiates into the glandular cords of the anterior lobe. The cords are separated by abundant sinusoids. 

- The inner layer of the cap, or that portion of the pouch between the lumen and neural lobe, remains thin and consitutes the pars intermedia. 
- The pars tuberalis develops from the fusion of a pair of lateral lobes or buds which originate from the main pouch and are situated on either side of the anterior wall of the infundibulum. They grow and surround the infundibulum. 

B- The infundibulum: 

1- The infundibulum arise as a diverticulum in the floor of the diencephalon caudal to the rathke's pouch. 
2- The distal end of the tubular primordium is transferred into a solid column composed of nerve fibres, neuroglial tissue and spindle shaped cells. 
3- The proximal end remains thin as a permanent infundibular stalk and connects the neural the brain. 

II- The adrenal glands 

The adrenal or suprarenal gland has a double oring 
a- The cortex derived from the mesoderm. 
b- The medulla derived from chromaffin cells. 
A- The adrenal corex: 

1- The primordium of the cortex arise from the proliferation of the splanchnic mesoderm, medial to the gonalds. 
2- Rapid growth of the two cortical primordia produces a pair of prominent mesenchymal condensations. 
3- The condensations differentiate, become vascular and project from the dorsal wall of the coelom, between the urogenital organs and mesentery. They are relatively large. 
4- The original cortical primordium establishes itself as cellular masses, then it becomes invested with a capsule of connective tissue. 
5- The internal mass is the provisional or foetal cortex. It declines after birth and a permanent cortex develops grows later in the centre. 
- Outside the provisional cortex is a zoon of less differentiates cells which constitute the permanent cortex. The prmanent cortex differentiates to the glomerular zone, next to the capsule, and there is the beginning of the fasiculate zone. The fasiculate and reticular one become defined after birth. 

B- The adrenal medulla: 

1- The chromaffin cells of the medulla descend from the primitive ganglia of the coeliac plexus, of the sympathetic ganglia, which orginally arise from certain cells of the neural crest. 
2- Masses of these cells begin to invade the medial side of the cortical primondium. 

- The continuous migraiton of these cell clusters brings them to a central position in the gland. This imigration ceases at the end of foetal life and the chromaffin tissue becomes grouped in cords and masses. 
III- Glands derived from the pharyngeal pouches 

A- The thyroid gland: 

1- The thyroid arise from the floor of the pharynx at the level between the first and second pharyngeal pouches. 
2- The pouch becomes a bilobed solid mass, which lies at the bifurcation of the aortic trunk and attached to the pharynx by a narrow neck. 
- The neck is the thryo-glossal duct, which atrophies later and the gland is set free. 
3- As soon as the gland is set free, it migrates caudd ventral to the pharynx to the level of the larynx. 
- The gland becomes cresentic in shape and settles transversally with a lobe on each side, and the two lobes connected with a narrow isthmus. 
4- The primordial bud is composed of large columnar cells radially arranged around the lumen. The cells become smalelr with further proliferation. 
- As the mass expands it becomes arranged into cords with mesenchyme between them. 

- The cords then break to form cell nests surrounded by comective tissue.. 

- The colloid accumulates in the centre of the cell nests. 

- The mesenchymal conectie tissue becomes fibroelastic to form the stroma of the gland. 

B- The parathyrold gland: 
1- The parathyroid glands arise from the dorsal wings of the third and fourth pharyngeal pouches. 

- The wings thickens into solid masses of cells. 

2- The two pairs of globular parathyroids are later freedfrom he pharynx. 
3- The pair from the third pouch (parathyroid III) remain attached for time with the thymus and is drawn by the migrating thymic prinordia to the level of the caudal border of the thyroid glands. 
4- The pair from the fourth pouches (Parathyroid IV) does not shift greatly in position and remains at the cranial thyroid border. 
5- All the four glands embed superficially in the thyroid capsule. 
6- The gland starts as a solid mass which soon breaks into cords with sinusoids inbetween. 

C- The thymus gland: 

1- The thymus arise from the third and fourth pharyngeal pouches. Generally the third. 
- The pouchessend a ventral saculation and the whole pouch is set free later on. 

2- The thymic primordia are at first hollow, they become rapidly solid and form solid epithelial bars or cords. 

3- The lower cords enlarge and unite superficially. 

- The lower ends of the two glands are attached to the pericardium and grandally sink with it to its permanent position in the thorax. 

- During this descend the upp on cords become drawn out and finally vains. 

4- The histogenesis of the thymus includes the breakage of the epithelial cords to form mases of cells or Hassall's corpuscles. 
- Some of the central cells break in amporphous masses which stain stronly . 

- Outside the amorphous mass the cells are arranged in arying layers like the layers of anions. 

I- The urinary system
A- Introduction and general relationships 
1- Vertebrates have 3 types of different secretory systems. 
2- The earliest and simplest is the pronephros which is functional only in some chordates and lower fishes. 
3- The pronephros is the provisional kidney in the larval stages of fishes and amphibians. In the adult this is replaced by the Mesonephros which remains as the permanent kidney in these animals. 
4- In the prenatal stages of reptiles, birds and mammals a functioneless pronephros is present. This is succeded by a mesonephros which is functional for a varying degree during foetal life. The latter is succeeded by a Mtanephros which is functional during the rest of the prenatal life and forms the permanent secretory system. 

5- These three kidneys are paired structures, located retroperitoneally in the dorsolateral body wall. They develop successively one caudad of the other. 

B- Formation of the pronephros

1- The  pronephros consists of paired pronephric tubules, arrnged segmentally. 
- In the chick the pronephric tubules first appear at about the 36th hour of incubation, on either side, opposite each somite from the 5-16 somites. Shortly after their initial appearance the pronephric tubules begin to undergo progressive changes and by the end of the 4th day they become vestigeal. 

- In the human the pronephric kidney appears late in the third week, and consists of 7 pairs of rudimentary tubules, from the level of, the 7th to the 14th somite. The earliest tubules begin to degenerate before the last one appears. 
2- The prosphros arise from the intermediate mesoderm, or nephrotome, as solid nodules which then become separated from the somites. 
3- At their attached ends the originally solid nodules hollow out and open into the coelom. The funnel shaped communication with the body cavity becomes ciliated and forms the nephrostome. 
4- The distal or free end bends backward, canalize and unite into a collecting longitudinal duct. Caudal to the last nodule the free end of the collecting duct pushes caudad, by a process of terminal growth, betwene the ectoderm and nepnrotones until it reaches the lateral wall of the cloaca and perforates it. These paired primary excretory ducts are called the pronephric ducts. 
5- Nearby each nephrotome an arterial tuft projects into the coelom, forming a glomerulus. This external glomerulus, covered by thin splanchnic mesoderm, filters the wastes from the blood into the coelom. 
6- The mixture of urine and coelemic fluid is then taken up by the tubules and carried by ciliary currents into the main excretory duct. 
7- The pronephros is located cephalad in the body, hence they are named " Head kidney". 
C- Formation of the mesonephros
1- The mesonephros or the wolffan body develop from the intermediate mesoderm the primordium differentiates into tubules only which at one end become associated with a knot of blood vessels and on the other end drain into the pronephric duct, which is retained as an excretory canal and is now called the mesonephric or wolffian duct. 
2- The nephrotomic tissue separates and coalease with other forming a continuous longitudinal bar, the nephrogenic cord, which extends caudad to the level of the 28th somite. The total number is 80 on each side. 
3- The nephrogenic cord divides into spherical masses of cells which appear first opposite the 14th somite. 
4- The spherical masses hollow into vesicles, and each send a solid extension to unite with the mesonephric duct, the other end grows and become S- shape. Canalization then extends into the part united with the duct. 
5- The free end of the tubules enlarges and becomes thin walled, as a knot of vessels (the internal glomerulus). The double walled vesicle, thus invaginated like a simple gastrula, is the Bowman's capsule. 
- The glomeruli occupy a medial column in the gland. Lateral branches from the aorta supply the glomerules. 

6- Each tubule shows a thicker, distal, ligheter staining secretory segment and a thinner, proximal, darker staining collecting segment which connects with the mesonephric duct. 
- Urinary products are removed from the blood by selective diffusion through the capillary walls of the tufts or glomeruli into the lumina of the Bowman's capsule. 

7- Upon enlargement, the mesonephric duct bulgs ventrad in the coelom. Thus a longitudinal ridge is produced on either side of the dorsal mesentery. The ridge is named the urogenital ridge, and later it is subdivided into a lateral mesonephric and a medial genital ridge. The urogenital ridge is suspended from the dorsal body wall by a narrower part of the original fold which serves as a mesentery. 
8- The development of the mesonephros occurs in a wave, with the degenration of the most cranial tubules and new formation of more caudal tubules. 
9- The mesonephros differs from the pronephros by the followings: 
- The mesonephros is larger and located more caudad hence th4e name " middle kidney". 

- The mesonephros contains more tubules which are longer and more complicated. They bear no significant relation to the body segmentation, and commonly two or three lie within the distance measured by a single somite. 

- The glomerulus in the mesonephric tubules are internal. 
- The nephrostome is not found, when present it is transitory and nerve serve as an actual mouth to the tubule proper. 

D- Formation of the metanephros

A- Origin and relationships: 
1- The permanent kidney of amniotes has a dual origin, and arises far caudad, in the body. 
The essential parts are the renal corpuscle, secretory and collecting tubules, calyces, renal pelvis and ureter. 

2- The ureter renal pelvis, calyces and collecting tubules are derived from the metanephric diverticulum or uretric bud, which grows off the mesonephric duct. 
- The bud appears dorsal and somewhat medial at the angle made by the mesonephric duct just before joining the cloaca at the level of the 28th somite. 

- The hollow bud grows first dorsad and then turns cephalad. 
- The rapidly elongating portion of the bud is the future ureter, while the blind end expands at once into the primitive renal pelvis. 

3- The secretory tubules and bowman's capsule differentiate from the nephrogenic tissues. 
- On its first appearance the uretric bud pushes into a mass of condensed tissue which is the most caudal portion of the nephrogenic, cord. This metanephrogenic mass separates from the cranial mesonephrogenic tissue and surrounds the pelvic dilatation like a cap. 
- Curing growth, this mass is carited cephalad until it attains its definite position in the retroperitoneal tissue dorsal to the mesonephros and opposite the second lumbar segment. 
- The secretory and collecting portions of the metanephros unite to complete the continuous uriniferous tubules. 

B- Differentiation of the uretric bud: 
1- The primitive renal pelvis expands and flattens from side to side. 
- It forms cranial and caudal expansions called the major calyers. 
- The major calyces subdivide later forming the minor clyces. 

- The minor calyces give rise to tertiary tubules and the process is repeated in higher orders up to 12 or more generations. 

2- The renal pelvis, major and minor calyces enlarge during their early developmental period. 
- The tubules of the third and fourth order are soon taken up into the walls of the enlarged minor calyces so that the tubules of the 5th order (20-30 in number) open into the minor calyces as papillary ducts. 

3- The remaining higher orders of diverging tubules constitute the permanent straight collecting tubules. 

- These tubules make up a large part of the medulla of the kidney and project of the cortex is the cortical rays or pars radiata, of the cortex. 

- The aggregates of such tubular trees that drain into one secondary calyx comprise a renal unit known as a pyramid. 
- The simple epithelium of the collecting tubule elevates to a distinctly columnar type. In the renal pelvis and ureter the epithelium differentiates into a transitional epithelium. These parts of the urinary ract become invested with coats of smooth muscle and connective tissue. 

C- Differentiation of the metanephrogenic tissue: 

1- The encapsulating mass of early metamephrogenic tissue shows two layers, the internal layers differentiates into the secretory tubules where the external layer becomes interstitial connective tissue and the peripheral capsuble of the kidney. 
2- The metanephrogen tissue is subdivided into smallmasses, with the division and subdivision of the collecting tubules,  and one of these small masses covers the end of each primary tubule. 
- In this manner the kidney appears lobulated on the surface insome mammals this appearance decreases progressively as the grooves are filled with connective tissue, on the other hand lobation is permanent in reptiles, birds and some mammals as the ox, bear and whale. 

3- The nephrogenic tissue around the ends of the collecting tubules condense into spherical masses. These hang down in the angles between the end-buds of the collecting tubules and their parent stems. 

4- The stage of the solid sphere is soon converted into a vesicle with an acentrically placed cavity. 
- The vesicle then elongates, thereby producing an S-shaped secretory tubule which unles on one end with the adjacent terminal collecting tubule, walled, blind end of the tubule become the capsule of the renal. 

5- The stage of the S-shaped tubue is followed by marked elongaed twisting. 
- The Bowman's capsule, the proximal convoluted protion, the U-shaped loop of henle (with descending and ascending limbs), the connecting place and the distal convoluted portion, all of these are derived from the S-shaped primordium. 

- The development is completed at birth with about one million tubules, increase in kidney size results from enlargement of the already process tubules 

E- Subdivision of the cloaca and formation of the bladder:- 

1- The cloaca is the blind caudal enlarged part of the hind gut. 
- An ectodermal depression, the proctodaeum, sinks under the tail towards the cloaca until the tissue inbetween becomes compressed in the form of a their plate, called the cloacal membrane. 

2- At its cephalic end the cloaca gives off the ventrally directal allantoic stalk laterally the cloaca receives the mesonephric duct, while it is prolonged caudad as the transitory tail-gut. 
3- The facing walls of the hind gut and allantois meat in a notch. The mesenchyme filling this interval is the so-called cloacal septum or unorect fold. 

- The urorectal septum pushes caudad dividing the cloaca into a dorsal rectum and a ventral bladder and urogenital sinus. 

4- At the time of their formation the bladder-urogenital sinus part recelves on each side the common stem of the mesonephric duct and ureter. 

- Growth process quickely and lead to the absorption of these stems, so that the four duct possess separate openings. 

- Gurther growth displaces the mesonephric ducts far caudad to the junciton of the bladder an the urogenital sinus and the two ducts open close together at an elevation known as the Muller's tubercle. 

- The two ureres come to lie well apart in the dorsolateral parts of the bladder. 

5- The bladder is originally tubular. It develops from that part cranial to the mesonephric ducts and at the base of the allantoic stalk. 
6- Towards the umbilicus the allantoci stalk becomes reduced to form the urachus. 
7- The caudal region forms the urogenital sinus. 

- In the female, the short neck between the bladder and the urogenital sinus into short urethra. 

- The rest of the sinus gives rise to vestibule of the vagina. 

- In the male, the urogenital sinus forms the pelvic urethra, and in its wall the postate and bulbourethral glands develop. 

II- The genital system
The major components of the male and female reproductive organs arise as neither male or female structures but rather as indifferent structures, which differentiates according to the genetic composition of the individual. 
A- The indifferent stage

A- The gonads 

1- The gonad is the name given for the propspective testis or ovary. 

2- The gonad appears in the urogenital ridge. The epithelium on the ventromedial surface of the ridge thicknes rapidly, its cells round out and increase in size, become many layered and bulge into the coelom producing the genital ridge. This thickened ridge extends medial to and parallel to the mesoneptivic ridge. 

- The gonad thus consists of a superficial germinal epithelium and interna epithelial cell mas. The latter is somewhat loosly arranged and derived by proliferative ingrowth from the former. 

3- Logitudinal furrows separate the gonad from the mesonephric ridge laterally and gut mesentery medially. 

4- Distincitive large cells, the primordial germ cells, migrate from the yolk sac through the cloacal entoderm, entodermal gut and dorsal mesentry into the epithelial mass of the gonad. 

B- The mesonephric duct: 

The mesonephric duct have been described earlier with the formation of the pronephros and later the mesonephros. 

C- The mullerian ducts: 

1- The Mullerian or the paramesonephric ducts appear first as a groove in the thickened epithelium of each urogenital fold. 

- This groove is located laterally on the mesonephros near its cephalic pole. 

2- The extreme cranial end of the groove remains open like a flaring trumpet, while more caudally the lips of the groove close into a tube. 

3- The duct continues to advance in a caudal direction by the progressive growth of its solid blind end. 

4- Near the claca the two ridges swing towards the middline and fuse in the so-called genital cord. In this manner, the Mullerian ducts, originally lateral in position are brough side by side in the midplan, whereas the mesonephric ducts assume a more lateral position. 

5- The two ducts approach each other and fuse forming one tube which ends blindly as the Muler's tubercle between  the openings of the mesonephric ducts. 

D- The external genitatlia: 

1- The cloacal or genital emience appears as an elevation in the middline of the body, between the tail. 

2- This eminence soon differentiates into a central proxiance, the genital tubercle. 

- The caudal slope of the tuberde bears the shallow urethral groove which is flanked by the slightly elevated urethral folds. 

- The groove extends towards the proctodaeum. 

3- The genital tubercle elongates into a somewhat cylendical structure, the phallus, whose tip is rounded into the glands. 

4- Lateral to the base of the phailus, a rounded ridge appears on each side, these are the genital or labioscotal swelings. 

5- Rupture of the urethral membrane in the floor of the urethral groove provides an external opening for the urogenital sinus, which is rather close to the distal aprt of the urethral groove. 

B- The male genital system 

A- The testls: 

1- In the male the gonad transforms into a testis. 

2- The gonad increases in sie, shortens into a compact organ located farther caudad. 

- At the same time the broad attachment to the mesonephros is converted into a gonadial mesentery, the mesorchlum. 

3- The testis cord (branched and anastomosing strands of cells) arise as direct extensions from the germinal epithelium or organize out of the diffuse epithelial mass. 

- The radially arranged testis cords converge towards the mesorchium where they anastomose forming the rete blastema or rece cords. 

- These testis cords constitute the first proliferation and establish continuity with the ductu efferentes. 

4- A second proliferation of cords occurs form the germinal epithelium. 

- These cords become radially arranged, each divides three or four times and the peripheral portions join in looping arches, and the proximal ends become continuous with the rete testis. 

- Near the rete testis these cords remain straight as the tubuli recti, while peripherally they clongate become twisted and form the tubuli controi. 

- The solid sex cords are composed chiefly of the indifferent cells and primordial germ cells. 

5- A dense connective tissue capsule, the tumica albuginea, develops beneath the germinal epithelium. As a result the germinal epithlium ceases to be a cource of sex cells and reverts to a simple squamous mesothelium. 

6- The mesenchymal cells of the testis, organize into a connective tissue framework of the organ. Thus each lobule of the testis, containing 3 or 4 seminiferous tubules become isolated by partitions. In one direction these septula converge to the mediastinum testis, in the other direction they extend to the encapsulating tunica albuginea. 

7- Certain cells of the mesenchymal stroma transform into large cells located between the sex cords, these are the interstitial cells. 

B-  The mesonephric tubules and duct: 

1- A few number of the mesonephric tubules that remain (about 30), half are intact and the are fragmented. 

- The tubules that escape degeneration can be divided into a cranial and a caudal group. 

2- The cranial group consists of about 8 to 15 tubules, they project against the adjacent primordium of the rete testis, forming the efferent ductules of the epididymis. 

3- The result of the mesonephric tubules becomes-rudimentary vestigues. 

- A few tubules of the cranial group comprise the cystic appendix of the epididymis. 

- The entire caudal group persists as the paradidymis and abberent ducts. 

4- The mesonephric duct elongates in length. 

- That part of the duct which is situated anterior to the inguinal ligament, undergoes a pronounced longitudinal growth and develops into the ducts epididymidis, from which evolve the three segments of the epididmis, the capus, the corpus and the cauda. 

- The rest of the duct remina straight as the ducts deferens, and receives a thick investement of smooth muscle near its opening in the ureteral part of the urogenital sinus the duct dilates to form the ampulla. 

5- A short distance before the vasadferents enter the arogenital sinus, local dilation appears in them which becomes sacculated and form the seminal glands. 

- The short pat of the mesonephric duct between the seminal glands and the uethra constitute the ejaculatory duct. 

- These glands does not develop in dog, cat and camel embryos. 

Urogenital sinus: 

- prostate arise from multiple outgrowths of the into the urrounding connective tissue in the dorsal and areas of the cephalic part of the urogenital sinus. These outgrowths develop more or less localized groups corresponding to the gland. 

1- As previously mentioned the urogenital sinus gives pelvic urethra or pars pelvina urethrae. 

2- The bulbo-urethral glands arise as paired epithelial outgrowths from the dorso-lateral areas of the caudal part of the sinus. 

D- The multerian ducts: 

1- In the male this duct degenerates almost completely. 

2- The extreme cranial end may be retained as a rudiment, the appendix, testis. 

3- The caudal part may persist as the prostatic uricle or uterus masuclerns. 

4- The muller's tuberde is represented by the elevated colliculus seminals. 

E- The external genitalia

1-   The phallus becomes the pens with its glans penis. 
2- The edges of the urethral groove progressively fold together, except at the tip of the glans penis, in a distal direciton, to transform the open urethral groove into the penile urethra. At the base of the penis the urethra is continuous with the urogenital sinus which now forms the pelvic urethra. 
- The fused edges of the urethral folds constitute a raphe. 
3- The scrota swellings shift caudad until each becomes half of the scrotum, and separated from its mate by the scrotal septum and the scrotal raphe. 
4- A fold of skil (ectoderm) grows at the base of the glans penis and extends to surround the naked glans penis. This is the prepuce. 
- Fusion occurs between the prepuce and the glans by the development of the ectodermal lamella. 

- The lamella separates during the late prenatal life in human and postially in animals to expose the glans peins. 

5- A region of incomplete prepauce formation in the undersurface of the grans produces the fold known as the frenulum. The frenulum ruptures during separation of the glans penis from the prepuce and forms a part of the ventral median raphe of the glans penis. 
C- The female genital system

A- The ovary: 
1- In the female the gonad transforms into the ovary. 

2- The ovary gains a mesentery (mesovarium) and settles to a more caudal position. 
- The gland does not exhibit any distinct ovarian features until several weeks after the testis had declared itself in the male. 

3- Cords of cells from the gerninal epithelium and cells from the internal epithelial cell mass move centrally to become the rete ovarii. 

4- At the same time a rapid prolfieration of internal epithelial cells occur beneath the germinal epithelium and spread from the central to the peripheral areas and result in the formation of medullary cords or primary cortex. 
- Most of the cells in these cords become  enlarged to form the so-called young ova. 

5- Asecondary cortex develops through a renewal of mitotic activity in the remaining cells of the internal epithelial mass and also the germinal epithelium. 
- The cord like proliferations are called pfluger's egg cords. 

- These cords develop rapidly and consequently the ovary increased markedly in size. 

- The secondary cortex compress the medullary cords and thus the young ova of the primary cortex degenerates. 

6- The egg cords or clusters of cells of the secondary cortex become partially isolated and broken into smaller masses by the development of a semicapsule of loose very cellular connective tissue, the tunica albuginea. 
- The egg cords consisting of clusters of cells, become organized into small aggregations of cells. The central cells of each group becomes the pogonium or egg, those surrounding cells become follicular cells. Both components are called a primary follicle. 

- The cortical connective tissue proliferation does not interfere with the proliferation from the germinal epithelium as it does in the male. 

7- The interstitial cells of the ovary develop from the mesenchyme. 
8- A third invagination of germ cells is said to occur after birth in the bitch, ca and human. 

- The mesonephric tubules and ducts. 

1- The rete ovarii is vestigeal, though retained in the adult. 
- Sometimes before birth it is canalized and often unites with the persisting cranial group of the mesonephric tubules. 
2- The cranial group of the tubules always remain as functionless rudimet. Most of its components are blind canals attached to short persisting segment of the mesonephric duct. The whole component is the Epioophoron. 
- Other tubules of the cranial group locate in the fringes of the uterine tubes or in the broad ligament, they are the vesicular appeandices. 

3- The caudal group of tubules constitute the smaller epoophoron, it usually disappears before the adult life is attained. 
4- The greater part of the mesonephric duct atrophies in the female. Those portions that persist are the ducts of the Epoophoron or Gartner's ducts. They may occur as vestigeal structures at any level between epoophoron and the hymen. 
C- The urogenital simus: 

1- As previously mentioned the urogenital sinus forms the posterior vagina or vestibule. 
2- The major vestibular glands or Bartholin glands arise in the form of buds from the epithelial liming of the urogenital sinus. 
- These glands are homologous to the bulbourethral glands of the male. 

D- The mullerian ducts: 

1- Fusion occurs to a various degree betwene the two mullerian ducts nd this results in the different forms of the uterine body and horns. 
As a result the ducts show three distinct regions. 

1- A cranial longitudinal region, represents the anterior part of the double ducts. 
- A middle region, represents the obliquely situated posterior portion of the double ducts and include the cranial area of the united part. 
- A caudal straight region, represents the common united Mullerian ducts. 
3- The cranial longitudinal region undergoes a great increase in length, become convoluted and give rise to the fallopian tubes. 
4- The separate parts of the middle region gives rise to the uterine horns. Closer apposition of the medial walls gives rise to the bipartite uterus (ruminants and mare) otherwise a blacomuate uerus develops. 

k- The wall of the ulter comes develop glands, later in prenatal life. 

- The unled part gives rise to the uterine body. 

5- The develops in the ost anterior areas of caudal region, while the rest of this region gives rise to the anterior vagina. 

6- The Mullers tubercle become the hymen. Later its ccentral part dissolves and only a hymenal ring is observed in newborn and maiden animals. 

E- The external genitalia: 
1- The phallus lags in development and becomes the clitoris, with its glans chitoridis and prepuce. 
2- The short goove never extend into the glans, but forms a part of the. 
3- The uretral folds the labia minor. 

