	DIGESTIVE SYSTEM
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	Oral cavity


Oral cavity
Walls:

Roof: palate.

Floor (from med to lat):
Frenulum: median mucosal fold connecting tongue to the floor of mouth.

Sublingual fold: by sublingual salivary gland. 

Sublingual papilla: shows the opening of the submandibular duct
Sides: cheeks (the space between the cheeks & the gums is called vestibule).

Post: oropharynx.
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	Floor of mouth (from inside)


Floor of Mouth
· It is the space between the mucous membrane of the oral cavity and the floor of digastric and submental triangle.

Contents:

1) Sublingual gland. 

2) Geniohyoid.

3) Genioglossus. 

4) Styloglossus. 

5) Hyoglossus and structures superficial to it: 

· Lingual N and submandibular ganglion suspended from it. 

· Deep part of the submandibular gland and submandibular duct. 

· Hypoglossal N. and its venae comitantes. 
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Hard palate

Palate

Formation:

1) Hard palate: formed of bones covered by mucous membrane.

2) Ant ⅔: maxilla (palatine process).
3) Post ⅓: palatine bone (horizontal plate).
Soft palate: formed of muscles covered by mucous membrane. 

Palatine foraminae:

Greater palatine foramen: transmits greater palatine N & vessels from pterygopalatine fossa to palate.

Lesser palatine foramen: transmits lesser palatine N & vessels from pterygopalatine fossa to palate.
Incisive fossa: transmits:
· Greater palatine N and vessels from palate to nose.
· Sphenopalatine N and vessels from nose to palate.
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Muscles of palate

Muscles of the palate:

	Muscle
	Origin
	Insertion
	Action
	NS

	Tensor palati
	scaphoid fossa (med pterygoid plate)
	Descends vertical → curves around pterygoid hamulus → attaches to the opposite side & forms palatine aponeurosis
	Tension of soft palate
	Mandibular N (N to med pterygoid)

	Levator palati
	· Petrous bone

· Auditory tube
	Palatine aponeurosis
	Elevation of soft palate → separates nasopharynx from oropharynx
	cranial accessory N through vagus

	Palatoglossus
	Palatine aponeurosis
	side of tongue (post 1/3)
	Elevation of the root of tongue
	

	Palatopharyngeus
	Palatine aponeurosis 
	Thyroid cartilage 
	Elevation of larynx
	

	musculus uvulae
	Projection of palatine aponeurosis
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Palatine folds

Palatine folds:

Palatoglossal fold: contains palatoglossal muscle. The folds of both sides form oropharyngeal isthmus which separates the oral cavity from the oropharynx.

Palatopharyngeal fold: contains palatopharyngeus muscle. The folds of both sides form pharyngeal isthmus which separates the nasopharynx from the oropharynx.
· Between the 2 folds the tonsil is found.
Nerve supply of Palate:

Motor: all muscles by cranial accessory N through vagus except tensor palati supplied by mandibular N (N to med pterygoid). 

Sensory: 

· Mainly by maxillary N (greater and lesser palatine and sphenopalatine Ns).

· Glossopharyngeal N (pharyngeal & tonsillar branches).

Arterial Blood supply:

· Greater palatine A (of maxillary) and its lesser palatine branch.

· Ascending palatine (of facial).

· Palatine branches (of ascending pharyngeal).

Venous drainage: → pterygoid venous plexus.
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Tongue and Lingual papillae

Tongue

Formation: mass of muscles covered by mucous membrane.

Features of the tongue:

Tip (apex): ant free end.

Dorsum:

Sulcus terminalis: V shaped groove, apex posteriorly (separating ant 2/3 from post 1/3).

Foramen cecum: at the apex of sulcus terminalis, it is an embryological remnant.

Ant 2/3: contains papillae:

	papillae
	Site, size & number
	Taste buds

	Fimbriform
	most numerous covering the dorsum
	does not contain taste buds

	Fungiform 
	On the sides and the tip
	Contain taste buds

	Foliate 
	On the sides
	Contain taste buds

	Vallate 
	· Largest and least numerous (8-12)

· Ant to sulcus terminalis
	Richest in taste buds


Post 1/3: 

· No papillae.

· It presents lingual tonsils (submucous lymphoid tissue).

Root (base): 

· Post end attached to hyoid bone and epiglottis.

· The tongue is connected to the epiglottis by a median and two lat glossoepiglottic folds with two valleculae in between.

Lower surface: from med to lat:

Frenulum: median mucous fold connecting tongue to floor of mouth.

Deep lingual Vessels: the vein could be inspected deep to the mucosa.
Fimbriated mucosal fold.
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Muscles of the tongue

Muscles of the tongue:

	Muscle
	Origin
	Insertion
	Action
	N.S.

	Intrinsic Ms: (longitudinal, Transverse & Vertical)
	change the shape of tongue
	hypoglossal N

	Genioglossus 
	sup genial tubercle
	Inf surface of tongue
	· Depression of tongue

· Protrusion of tongue

· One muscle: deviation of tongue to opposite side
	

	Hyoglossus
	Hyoid
	Side of tongue (post ½)
	Depression of tongue
	

	Styloglossus
	Styloid process
	side of tongue (whole length)
	· Elevation of tongue

· Retraction of tongue
	

	Palatoglossus
	Palatine aponeurosis
	side of tongue (post 1/3)
	Elevation of the root of tongue
	cranial accessory N through vagus
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Sensory innervation of tongue

Nerve supply of tongue:

	Sensory
	Motor

	Ant ⅔
	Post ⅓
	Root (post end)
	

	General
	Taste
	General
	Taste
	General
	Taste
	

	Lingual N (of mandibular of trigeminal)
	Chorda tympani N (of facial)
	Glossopharyngeal N
	Sup laryngeal (of internal laryngeal of vagus)
	All by hypoglossal N except palatoglossus by cranial accessory N through vagus


Arterial blood supply: Lingual A:
Beginning: as a branch from the ant aspect of ECA opposite the greater horn of hyoid. 
Course and relation: tortuous, divided by hyoglossus muscle into:
1st part (before reaching hyoglossus):

· passes above the tip of greater horn of hyoglossus, superficial to middle constrictor of pharynx.

· Crossed superficially by hypoglossal N.

2nd part (deep to hyoglossus):

· Superficial to middle constrictor and genioglossus.
3rd part (after hyoglossus):

· Superficial to genioglossus M.
· Crossed superficially by hypoglossal N (again), lingual N and submandibular duct.

Branches:

1st part: suprahyoid A: passes superficial to hyoglossus.

2nd part: 2 dorsal lingual As: supplies muscles on the dorsum of the tongue (post part).

3rd part:

1) Sublingual A: to sublingual gland.

2) Deep (profunda) lingual A (terminal branch): supplies muscles of the inf surface of tongue and reaches its tip. Accompanied by deep lingual Vs.

End: as deep lingual A. 
Venous drainage:

Deep (profunda) V: on the inf surface of the tongue on either sides of the frenulum → venae comitantes of hypoglossal N (superficial to hyoglossus muscle) → lingual V → IJV.

Dorsal lingual V → lingual V → IJV.

Lymphatic drainage:

Tip: submental lymph nodes → submandibular → jugulodigastric → juguloomohyoid.

Ant ⅔: submandibular → jugulodigastric → juguloomohyoid.

Post ⅓: jugulodigastric → juguloomohyoid.

Salivary glands (Anatomy)
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Parotid (lat view)
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Parotid (cut section)
PAROTID GLAND

· It is the largest salivary gland which lies at the side of the face and has a serous secretion.

Structures inside the gland:

1) Facial N: enters from posteromedial surface and gives 5 terminal branches (4 at ant  border and 1 at lower end).

2) Post facial (retromandibular) V: emerges from lower end (or its two terminal divisions).

3) ECA: ends at the level of neck of mandible dividing into maxillary and superficial temporal As.

4) Auriculotemporal N: emerges from the upper end.

Relations:

Upper border or end:

· TMG (inflammation of the gland → painful movement of the joint).

· External auditory meatus (swelling of the gland → elevation of ear lobule).

· Superficial temporal A & V.

· Auriculotemporal N.

Lower end:

· Post belly of digastric.

· Cervical branch of facial N.

· Post facial V (or its divisions).

Lat surface:

· Skin and superficial facia.

· Parotid lymph node.

· Great auricular N.

Anteromedial surface:

· Ramus of the mandible +

· Masseter (attached to its lat surface).

· Med pterygoid (attached to its med surface).

Posteromedial surface:

· Mastoid process +

· sternomastoid (attached to its lat surface).

· post belly of digastric (attached to its med surface).

· Styloid process (& structures attached to it).

· Stylomastoid foramen and facial N (enters the gland from this surface).

Ant border:

· Parotid duct. And accessory parotid gland.

· Transverse facial A (of superficial temporal A).

· Temporal, zygomatic, buccal and mandibular branches of facial N.

Med border: pharynx (inflammation of the gland → painful swallowing).
Post border.

Accessory parotid gland: lies above the parotid duct.
Parotid capsule: 

· From investing deep fascia of the neck which splits to enclose the parotid.

· It is non stretchable (swelling of the gland is painful).

Sup: attached to zygomatic arch.

Ant: attached to fascia covering the masseter.

Post: form stylomandibular ligament (which separates the parotid from the submandibular gland).
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Parotid duct (after safervpn.com)
Parotid duct:

· 5 cm long.

· Begins at the ant border of the parotid gland.

· Passes over the masseter (accompanied by buccal branch of facial N).

· Pierces buccal pad of fat, buccopharyngeal membrane (fascia), buccinators, and buccal mucosa.

· It ends by opening in the vestibule of the mouth opposite the upper second molar tooth.

Applied anatomy: parotid duct stones are less common than submandibular duct due to its serous secretion and sloping course.

Blood supply: ECA.
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Parasympathetic innervation of parotid gland

Nerve supply:

Sensory: auriculotemporal N.

Sympathetic: plexus around ECA.

Parasympathetic: 

· From inf salivary nucleus (in medulla).

· Glossopharyngeal N.

· Tympanic branch → middle ear (passes through the tympanic plexus without relay).

· Comes out from the middle ear as lesser petrosal N through its foramen to foramen ovale.

· Relay in otic ganglion.

· Postganglionic fibers join auriculotemporal N (of mandibular) to the gland.

Surface anatomy:

The gland:

· Condyle of mandible.

· Below lobule of the ear.

· Mastoid process.

· 1 inch below and behind angle of mandible.

· Midpoint of masseter.

· To the first point.

The duct: middle 1/3 of a line between tragus and point midway between ala of nose and angle of mouth.
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Submandibular gland (after Epomedicine.com)
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Submandibular and sublingual glands (after Research gate.com)

Submandibular Gland 

· A large salivary gland which is found in digastric triangle.

Relations:

Superficial Part: 

Lat surface: 

· Mandible (submandibular fossa).

· Med pterygoid (facial A in between).

Inferolateral surface: superficial fascia containing:

· Skin, superficial fascia (and its contents), deep fascia. 

· Ant facial V.

· Cervical branch of facial N.

· Submandibular lymph nodes.

Med surface (from ant to post):

· Mylohyoid M (Mylohyoid N and vessels in between).

· Hyoglossus M (with the following in between).

· Lingual N and submandibular ganglion suspended from it.

· Hypoglossal N and its venae comitantes.

· Pharynx (styloglossus and glossopharyngeal N in between).

Deep Part: lies between mylohyoid and hyoglossus muscles and reaches floor of mouth.

Submandibular capsule: 

· From investing deep fascia of the neck which splits to enclose the gland.

Superficial: attached to inf border of mandible.

Deep: attached to mylohyoid line of mandible.

Post: form stylomandibular ligament (which separates the parotid from the submandibular gland).

Submandibular Duct: 

· 5 cm long. 

· Begins at the superficial part, then traverses and drains the deep part.

· It passes between mylohyoid and hyoglossus Ms. It is crossed by the lingual N (may be injured during surgery) to reach the floor of mouth.

· Ends by opening in sublingual papilla (lat to the frenulum and sublingual fold).

Applied anatomy: submandibular duct stones are more common than parotid due to its mucoid secretion and antigravity course.

Blood supply: facial A. 
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Parasympathetic innervation of submandibular and sublingual salivary glands

N. Supply: 

Sensory: lingual N. 

Sympathetic: plexus around facial A. 

Parasympathetic:

· From sup salivary nucleus (in pons).

· Facial N.

· Passes along chorda tympani which joins the lingual N (of mandibular of trigeminal).

· Relay in submandibular ganglion.

· Postganglionic fibers pass to the gland.

Sublingual Gland
· A salivary gland which lies in the floor of mouth. 
Relations: 

Lat: mandible (sublingual fossa). 

Med: genioglossus muscle. 

Sup: forms sublingual fold. 

Inf: mylohyoid M. 

Sublingual ducts: 8-20 small ducts, open in sublingual fold. 

Blood supply: lingual A (sublingual branch). 

Nerve supply: as submandibular salivary gland. 

	Histology of the oral Cavity


	The Lip


· [image: image71.jpg]Conical papilla Fungiform pap

Circumvallate Papilla folliate

1. :
Valley P apilla Taste bud  Stratified squameus Taste bud

N @& °'»I’o B €
Von Ebner s glands -

Hanaa A.K.



The main bulk of the lip is made of skeletal muscle fibers, arranged in different directions, (orbicularis oris). 
· Lip has two surfaces; outer covered by skin & inner one covered by mucous membrane.
	P O C
	Outer surface [skin]
	Inner surface

  [mucous membrane]

	Characters
	Dry &opaque
	Thick, transparent &wet

	Epithelium
	keratinized stratified squamous [epidermis]
	Non- keratinized stratified squamous

	C.T.
	Contains hair follicles, sebaceous & sweat glands.[dermis]
	Contains mucous glands called labial glands [lamina propria]


The Red Margin (Vermillion zone):

· It is the junction between the skin side & the mucous membrane side.
·  It is covered by modified thin skin which has No hair follicles, sweat glands or sebaceous glands. 
· The C.T. dermis forms deep papillae that contain numerous blood capillaries. The epidermis is transparent so it shows the red colour of blood capillaries. It is highly sensitive as it is rich in nerve endings.
	The Tongue
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The tongue is no more than a bag formed of mucous membrane & full of striated muscles.
· Striated muscles are arranged in different directions vertical, longitudinal & horizontal.
· The tongue has two surfaces, dorsal & ventral surface. 
	P O C
	Dorsal surface
	Ventral surface

	Characters
	-Rough has lingual papillae

-Firmly adherent to C.T.
-Divided into anterior 2/3 & posterior1/3 by V shaped line called sulcus terminalis.

-Lingual tonsil is present in the posterior third
	-Smooth has NO papillae

-loosely adherent to lamina propria

	Epithelium
	Partially keratinized stratified squamous & firmly adherent to underlying C.T.
	Non-keratinized stratified squamous & Non adherent to underlying C.T.

	CT.[Lamina propria]
	No glands
	contains mucous glands called lingual glands


The Lingual Papillae:

· Definition: They are numerous projections of the mucous membrane over the dorsal surface of the tongue.
· Structure: Each papilla consists of a central core of C.T. covered with stratified squamous epithelium.
· There are four types of lingual papillae
· They differ in site, shape, number, epithelial covering & presence of taste buds.
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	P O S
	Conical [filiform] 
	Fungiform papillae
	Circumvallate

papillae
	Foliate papillae

	Site
	anterior 2/3
	On the edges & tip of the tongue
	present along the V-shaped line
	on the lateral margin

	Shape
	Conical
	Rounded top &basal narrow neck. mushroom
	Rounded & with a constricted base surrounded by a groove
	parallel broad projections

	Number
	Most numerous.
	Less numerous scattered between conical papillae
	8-12 in number
	Well developed in rabbit tongue but not in human. 

	Epithelium
	Keratinized st.sq.epith
	NonKeratinizedst. sq. epith
	NonKeratinized st.sq.epith
	NonKeratinized st.sq.epith

	Taste buds
	Absent
	Few taste buds
	Numerous taste buds
	Numerous taste buds


Taste Buds:
· They are neuroepithelium, which is responsible for taste sensation.
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They appear as pale flask shaped bodies scattered among the stratified squamous epithelium covering some lingual papillae. 
· They are also present on mucous membrane of soft palate,pharynx& epiglottis.  
· Each taste bud has an upper opening called gustatory pore & contains three types of cells.
1-
Gustatory (hair) cells:
· They are central in position. 
· They are modified columnar cells.
· Their free surfaces carry short microvilli & their basalparts are surrounded by sensory nervefibres that carry taste sensation.

2-
Sustentacular cells: 

They are peripheral in position, they are supporting cells.

3-
Basal cells:
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These cells are basally located. They are stem cells which can regenerate the cells of the taste buds.
The palate:It is formed of two parts; 
1- Hard palate: the anterior bony
partof the roof of the oral cavity.

· Covered with keratinized stratified squamous epithelium & C.T. corium. 

· Its mucosa is firmly adherent to the periosteum of the bone.

2-Soft palate: the posterior muscular part of the roof of oral cavity. 

· It separate the oral cavity from nasal cavity.

· It has two surfaces: oral & nasal surface

-Its oral surface is covered with non-kerat. stratified squamous epith.

-The nasal surface is covered with respiratory epithelium.

	SALIVARY GLANDS


Classified into:

a-Main salivary glands:
· They are compound tubulo- alveolar glands.

· They are paired: 2 parotid, 2 submandibular & 2 sublingual glands.
b- Minor salivary glands

· They are branched tubulo-alveolar glands

· They are scattered in the mouth cavity e.g. labial, lingual, palatine & buccal glands.

Main salivary Glands

Main salivary glands are exocrine, compound tubulo-alveolar glands.
1-Parotid Gland

It is the largest salivary gland purely serous. The gland is formed of:
I. Stroma: 

a-
Capsule: It is thick, rich in fat cells covered with fascia then skin. It is formed of

· connective tissue cells (mainly fibroblasts) 
· C.T. fibres (mainly collagenous & elastic) 
b-
Trabeculae: It is formed of connective tissue cells & fibers, thick, rich in fat cells
· They descend from the capsule to divide the gland into lobes & lobules, carry blood vessels, nerves + duct system.

c- 
Reticular connective tissue: It is formed of

            - Reticular cells & fibres.              - Form the background of the gland.
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(  Stained with Ag.
II.
Parenchyma:

Formed of serous acini&duct system.
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Serous acini:

· Have small diameter &narrow lumen.

· LM. Acini are lined with serous cells which are pyramidal with central rounded nuclei& non clear boundaries. 
· The cytoplasm is deeply basophilic.

· EM. Cells are rich in mitochondria, rER,  well developed G.A. & apical zymogen granules. The cells are joined by junctional complexes.
Secrete serous fluid rich in amylase for digestion of carbohydrates.

· The acini are surrounded by Myoepithelral cells= Basket cells = Branched cells that surround the acini present between the base of the cells & the basement membrane. They are rich in actin & myosin& their contraction discharge the saliva to the ducts.
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· Duct system:
1-
Intercalated ducts:
· The 1st ducts which arise from the acini (inside the lobules)
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Lined with simple cubical epithelium. They join to form →
2-
Intra- lobular (striated) duct:

· Inside the lobule. Lined with simple cuboidal epithelium.

· Cytoplasm is acidophilic with basal acidophilic striations which by E.M. represent basal infoldings of the cell membrane, with numerous filamentous mitochondria. Have secretory function & drain into →
3-
Inter- lobular duct (excretory)

· In the septa between the lobules 
· lined with simple columnar epithelium, drain into →
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4-
Inter lobar duct:
· In the septa between the lobes.
· Lined with pseudo-stratified columnar epithelium. collect to form →
5-
The main duct: Stensens duct: Lined with stratified columnar epithelium which changes into stratified squamous at its opening in the mouth cavity. (opposite the upper 2nd molar)
Submandibular Gland
· Stroma:

Capsule:connective tissue cells & fibers, thick, rich in fat cells.

Trabeculae:connective tissue cells & fibers. Thin, descend from the capsule to divide the gland into lobes & lobules carry blood vessels & ducts.

Reticular connective tissue: reticular cells &fibres in the background, stained with Ag.
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Parenchyma: 
In humans 90% are serous acini, 10% mucous & mucoserous
	P.O.C
	1-Serous Acinus
	2-Mucous acinus

	· Diameter
	Small
	Larger.

	· Lumen
	Narrow
	Wider

	· Lining
	Pyramidal cells with non-clear boundaries.
	cuboidal cells with clear boundaries.

	· Cytoplasm
	deeply basophilic.
	Pale & vacuolated.

	· Nucleus
	central & rounded
	Basal & flat.

	· Basket cells
	Few in number.
	More numerous.

	· Secretion
	Serous fluid rich in amylase
	Mucous.
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3-Mucoserous acini:

· Amucous acinus having on one side a 
group of serous cells→
· Called Crescent of Gianuzzi (serous Demilune) 
· They secrete anti- bacterial enzymes (lysozyme &lactoferrin). 
· They conduct their secretion to the lumen via intercellular canaliculi.
The duct system: same as parotid but the main duct is called Wharton's duct which open into the floor of the mouth cavity.
Sublingual gland

· Stroma: thin capsule but thick septa

· Parenchyma

Acini: the majority are mucous acini with some mucos-serous acini.

Ducts: same as parotid but main duct either join Wharton's duct or open by separate opening in floor of mouth cavity.
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	Introduction

	· The alimentary tract provides the body with water, electrolytes and nutrients.

	· This is achieved by:
	1. Movement of food in gastrointestinal tract (GIT)

	
	2. Secretion of digestive juices

	
	3. Absorption of digestive products

	
	4. Execretion of waste products

	· Gastrointestinal functions are under control of:
	1- Autonomic nerves (sympathetic & parasympathetic)

	
	2- Gastrointestinal hormones

	( Nerves
	

	
	( Enteric Nervous System (nerve plexus):

	
	
	There are 2 major networks of nerve fibers in GIT:

	
	
	
	
	

	
	
	
	
	
	
	

	
	( Myenteric plexus (Auerbach's plexus)
	
	
	( Sub mucosal plexus (Meissner's plexus)

	
	· It is concerned with the control of peristaltic activity
	
	
	· It is concerned with control of exocrine & endocrine secretion

	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	

	
	· The two plexus are interconnected

	
	· They contain secretary, motor & sensory neurons

	
	· The substances secreted by the neurons in the enteric nervous system include:

	
	
	1] NO

	
	
	2] Acetylcholine 

	
	
	3] Serotonin 

	
	
	4] GABA 

	
	
	5] Large number of polypeptides


	
	( Extrinsic innervations (Autonomic nerves):

	
	
	( The parasympathetic innervations:

	
	
	
	· The parasympathetic to GIT is through: 
	1- Cranial nerve eg Vagus 

	
	
	
	
	2- Pelvic nerve (sacral: S2, 3, 4)

	
	
	
	· The parasympathetic nerves are mostly excitatory to GIT

	
	
	( The sympathetic innervations:

	
	
	
	· The sympathetic to GIT originates from T5 to L2

	
	
	
	· The preganglionic fibers relay in celiac & mesenteric ganglia

	
	
	
	· The sympathetic are mostly inhibitory to GIT


	Mouth and Esophagus

	· Mastication (chewing): It is rhythmic opening & closure of mouth

	· Muscles 
	of chewing are innervated by the fifth cranial nerve (5th = trigeminal nerve)

	
	They are controlled by nuclei in the brain stem

	· Chewing reflex: 
	· The presence of a bolus of food in the mouth causes reflex inhibition of the muscles of mastication & dropping of the lower jaw 

	
	· The drop, in turn, initiates a stretch reflex of the jaw muscles that leads to contraction. This is repeated rhythmically

	· Importance:
	( It breaks large food particles into smaller ones

	
	( Stimulates: 
	1- Taste buds 

	
	
	2- Smell receptors leading to sense of satiety

	
	( Stimulates salivary secretion which helps swallowing process


	Salivary glands & Saliva

	· Types of salivary Secretory cells:

	
	· There are two types of salivary Secretory cells:

	
	
	( Serous cells:
	Secretes serous (watery) secretion containing ptyalin
(α amylase enzyme)

	
	
	( Mucous cells: Secretes mucous (viscous) secretion containing mucin

	
	1- Parotid glands acini are serous & form 25% of saliva

	
	2- Sublingual glands acini are mucous & form 5 % of saliva

	
	3- Submandibular glands acini are mixed & form 70% of saliva

	
	4- Buccal glands secretes only mucous

	· Composition of saliva:

	
	1- Volume: 1500 ml/day
	

	
	2- pH: 7
	

	
	3- Contents:
	(Digestive enzymes: Ptyalin, lingual lipase & mucin

	
	
	(Electrolytes: Potassium & Sodium, chloride, bicarbonate

	
	
	(Saliva is hypotonic to plasma: Contains:
	· Less  
	Na+

	
	
	
	· Less  
	Cl-

	
	
	
	· More 
	K+

	
	
	
	· More 
	HCO3

	
	
	(Immunoglobulin A (IgA): To defense against bacteria & virus

	
	
	(Lysozyme: Which attack bacterial wall

	· Functions of saliva:

	
	1- Protection of oral mucosa:
	

	
	
	1. Cooling hot foods

	
	
	2. Cleaning the mouth:
	1] Through washing pathogenic  bacteria & 

	
	
	
	2] Their destruction by lysozyme and antibodies

	
	
	3. Acid neutralization:
	This relieves heart burn if gastric juice regurgitated to esophagus

	
	2- Buffer 
	Saliva contains bicarbonate & mucin, which maintain oral pH at 7.

	
	
	
	· At this pH, the saliva is saturated with calcium so teeth do not lose calcium to oral fluid

	
	
	
	· Loss of calcium from teeth leads to dental caries

	
	3- Digestion:
	· Saliva contains ptyalin (salivary amylase) which digests starches into disaccharides. 

	
	
	
	· It is inactivated in stomach & reactivated in small intestine

	
	4- Deglutition: Saliva lubricates food because of its mucin

	
	5- Speech: Keeps mouth moist facilitating movements of lips & tongue

	
	6- Solvent: For food molecules to stimulate taste buds

	· Mechanism of salivary secretion:

	
	It is two stages:
	1- First stage:
	

	
	
	
	
	The acini secrete a primary secretion which contains ptyalin & or Mucin in a solution which has the same ionic composition as plasma (Na+, K+, Cl- & HCO3) ie primary secretion is isotonic.

	
	
	
	2- Second stage:
	

	
	
	
	
	· The ducts modify the primary salivary secretion. 

	
	
	
	
	· Na+ is actively reabsorbed in exchange with K+ which is actively secreted. 

	
	
	
	
	· This exchange is stimulated by aldosterone

	
	
	
	
	· Na+ reabsorption exceeds K+ secretion & this causes Cl- to be reabsorbed passively ie Cl- ions follow Na+ ions. ie secondary secretion is hypotonic

	
	
	
	
	· Bicarbonate ions are actively secreted into the ducts

	
	
	
	
	· The net result under resting condition: 

	
	
	
	
	
	· Na, Cl is less in saliva while

	
	
	
	
	
	· K, HC3 are much more than the plasma

	· Control of salivary Secretion:

	
	· It is under nervous control only (through autonomic nervous system)

	
	· Secretion of saliva can occur in response to:
	

	
	
	1- Conditioned reflexes:
	· They are acquired reflexes 

	
	
	
	
	· They need: 
	· Training (past- experience)

	
	
	
	
	
	· Intact cerebral cortex

	
	
	
	a) Cerebral cortex:
	Sight, smell, hearing the preparation of food or thinking of food stimulate the cerebral cortex (because all sensations must reach the cerebral cortex) which in turn stimulates the salivary nuclei leading to salivation

	
	
	
	b) Hypothalamus: There is:
	· Appetite center in the hypothalamus which receives signals from the taste and Smell area in the cerebral cortex which in turn stimulates the salivary nuclei.

	
	
	
	
	
	

	
	
	2- Unconditioned reflexes: They are inborn reflexes


	
	
	3- The receptors are:
	· Taste-thermo receptors

	
	
	
	
	· Touch receptors in mouth

	
	
	
	
	· Lower esophagus

	
	
	
	
	· Stomach and upper small intestine

	
	
	
	
	NB: Acidic lemon is the most powerful stimulus to taste

	
	· The afferents are: Facial, gloss pharyngeal, trigeminal and vagus nerves.

	
	· The center: Salivary nuclei

	
	· The efferent: 
	Facial & gloss pharyngeal nerves resulting in reflex increase in salivary secretion
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Parasympathetic nervous regulation of salivary secretion
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Formation and secretion of saliva by a submandibular salivary gland
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Regions of the abdomen

REGIONS OF THE ABDOMEN 

· The abdomen is divided into nine regions by:

· 2 vertical planes (from midclavicular to midinguinal points).

· 2 horizontal planes

· At the level of L3 vertebra (subcostal plane)

· At the level of L5 vertebra (intertubercular plane between the two iliac tubercles).

Regions of the abdomen

	Right hypochondrium
	Epigastric
	left hypochondrium

	Right lumbar
	Umbilical
	Left lumbar

	Right iliac fossa
	hypogastric
	Left iliac fossa
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Parietal & visceral Peritoneum

Peritoneum

Definition: serous sac lining the abdominal walls and covering most of abdominal and pelvic organs. 

Layers: it divides into parietal & visceral layers.

	
	Parietal
	Visceral

	Relations
	· To muscles of ant Abdominal Wall, post abdominal wall, diaphragm & pelvic floor

· Attached to them by areolar tissue
	Adherent to abdominal & pelvic organs

	blood supply
	As the walls
	As the organs

	Nerve supply
	Somatic (as the walls), sensitive to pain, temp, touch… etc

· Lower 5 intercostal & subcostal + lumbar Ns (ant & post)

· Phrenic N (sup)

· Obturator Ns (inf)
	Autonomic (as the organs), sensitive to ischemia and distension


· In males, peritoneum is a closed sac, in females it has 2 openings for fallopian tubes (communicate to outside → peritonitis is more common in females).

· All intra abdominal organs are extra peritoneal. Organs are classified into:

Mobile organs (mostly covered by peritoneum & has peritoneal folds): e.g.: stomach, 1st inch of duodenum, jejunum & ileum, appendix, transverse & sigmoid colons, liver & spleen.

Organs partially covered by peritoneum: e.g.: ascending & descending colons, upper 2/3 of the rectum (covered from front & sides) & urinary bladder.

Retroperitoneal (fixed) organs: behind the peritoneum (covered by peritoneum anteriorly only). E.g.: duodenum (except 1st inch), pancreas,  kidneys, suprarenal, ureters & blood vessels & Ns of post abdominal wall

· The peritoneum has many folds carrying different names; mesentery, meso…, omentum & ligaments.

General arrangement of peritoneum:

· Anteriorly the peritoneum lines the ant abdominal wall

· Reflected superiorly to line the diaphragm

· Reflected to the liver through many peritoneal folds

· Covers most of the liver

· Descends (in 2 layers) forming lesser momentum

· Surrounds the stomach

· Forms greater momentum which descends downwards and reascend to attach posteriorly to the ant border of pancreas, then divides

Sup: covers post abdominal wall above the pancreas

Inf: 

· Covers post abdominal wall below the pancreas. It forms a series of folds (transverse mesocolon, mesentery of small intestines & sigmoid mesocolon)

· Then covers the front & sides of the upper ⅓ of the rectum and the front of its middle ⅓

· Reflects anteriorly

· In males: to the upper part of urinary bladder (rectovesical pouch)

· In females: 

· To the upper part of vagina (rectovaginal (Douglas) pouch) which is the lowest point in the female peritoneal cavity.

· Covers most of the uterus forming 2 folds on its sides (broad ligaments) 

· Reflected to the upper surface of urinary bladder (uterovesical pouch).

· Back to the ant abdominal wall
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Greater & lesser sacs

Peritoneal cavity: it is the potential space within the peritoneal sac. It contains milk spots (aggregation of leukocytes to prevent migration of infections). It is divided into:

	
	Greater sac
	Lesser sac

	Site
	Divided into anterosuperior & posteroinferior parts by the lesser omentum, stomach, greater omentum, transverse colon & its mesocolon.
	Behind the stomach to allow its distension



	Relations
	Anterosuperior part:

Ant: ant abdominal wall

Sup: diaphragm then reflected to the liver (the space between them is called subphrenic) 

Post: 

· Lesser omentum

· stomach 

· Greater omentum (ant 2 layers)

Rt: the space between the liver & Rt kidney is called hepatorenal pouch

Posteroinferior part:

Ant: greater omentum (post 2 layers)

Sup: attachment to pancreas 

Post: post abdominal wall

Rt: Rt paracolic gutter (the space lat to ascending colon) 

Lt: Lt paracolic gutter (the space lat to descending colon)
	Sup: diaphragm

Ant: 

· liver (caudate lobe)

· Lesser omentum

· stomach 

· Greater omentum (ant 2 layers)

Inf: inf recess (reflection of ant 2 layers to post 2 layers of greater omentum)

Post: 
· Greater omentum (post 2 layers)

· Post abdominal wall

Rt: epiploic foramen

Lt: 

· Greater omentum

· Gastrosplenic ligament

· Lienorenal ligament


Opening to lesser sac: (epiploic foramen, foramen of Winslow): opening between greater & lesser sacs.

Boundaries:

Ant: free border of lesser omentum containing portal V (post), CBD (ant & to the Rt), hepatic A (ant & to the Lt).

Post: IVC

Sup: liver (caudate process)

Inf: duodenum (1st part)

Peritoneal folds: double layer of peritoneum reflecting from parietal to visceral. All the peritoneal folds contain 3 structures; lymphatics & lymph nodes, autonomic fibers & areolar tissue
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Coeliac Artery

Summary of the arterial Blood supply of digestive system

Coeliac trunk

Beginning: from front of abdominal aorta at the level of lower bonder of T12 

Course and relations: has a very short course (1cm)

End: by dividing into its 3 branches

Branches:

1) Lt gastric A: passes to cardiac end of stomach, then descends along the lesser curvature and ends by anastomosing with Rt gastric.

2) Hepatic A:

Branches:

a) Gastroduodenal: descends post to the 1st part of duodenum and divides into:

RT gastroepiploic: passes to the Lt along the greater curvature of the stomach and ends by anastomosing with Rt gastroepiploic.

Sup pancreaticoduodenal: runs between duodenum and head of pancreas supplying both and ends by anastomosing with inf pancreaticoduodenal A at the level of hepatopancreatic ampulla.

b) Rt gastric: runs along the lesser curvature of the stomach and ends by anastomosing with the Lt gastric A.

c) Rt hepatic branch: enters the Rt lobe of liver supplying it. It gives cystic A which supplies gall bladder and cystic duct.

d) Lt hepatic branch: enters the Lt lobe of liver supplying it.

3) Splenic A: tortuous, passes above the upper border of pancreas.

Branches:

a) Pancreatic branches: to the body of pancreas

b) Short gastric As (5-6): supplies the fundus of the stomach.

c) Lt gastroepiploic: passes to the greater curvature of the stomach and ends by anastomosing with the Rt gastroepiploic A.
d) Splenic branches (5-6 terminal end As): each supplies a splenic segment.

e) [image: image23.emf]
f) Sup. Mesenteric artery

Superior mesesntric artery (SMA)

Beginning: from the front of abdominal aorta at the lower border of L1.

Course & relations: it begins post to the body pancreas, passes downwards and to the Rt to enter the root of mesentery.

Branches:

1) Inf pancreaticoduodenal A: ascends between duodenum and head of pancreas supplying both and ends by anastomosing with sup pancreaticoduodenal A at the level of hepatopancreatic ampulla.

2) Jejunal and ileal As (12-15):.enters the mesentery of small intestines, divides forming arcades (simple (1-2) arcades in jejunum and compound (3-5) in ilium). The arcades anastomose with each other then give straight As (vasa recta).

3) Middle colic A:  divides into Rt and Lt branches supplying RT ⅔ of transverse colon.

4) RT colic A: divides into ascending and descending branches. 

End: at the ileocecal junction by anastomosing with the ileal branch of ileocolic A.

[image: image24.emf]
Inferior mesenteric artery

Inferior mesenteric artery (IMA)

Beginning: from the front of abdominal aorta at the level of L3

Course & relations: descends downwards & to the left.
Branches:

1) Lt colic (sup Lt colic) A: divides into ascending and descending branches and supplies Lt colic flexure and descending colon

2) Sigmoidal (inf Lt colic) As: (2-4), each divides into ascending and descending branches and supply sigmoid colon 




3) Sup rectal A: supplies the rectum & upper part of anal canal.

End: continue as sup rectal A.

[image: image25.emf]
Portal vein

POrTAL SYSTEM OF VEINS

Portal circulation: drainage of venous blood from lower part of oesophagus to the upper ½ of anal canal, spleen, gall bladder, pancreas through portal vein to liver. The venous drainage of the liver passes through hepatic Vs to IVC

Portal vein

· It begins as a vein (by union of tributaries) and ends as an artery (by giving divisions). It is 2-3 inches and devoid of valves.

Begining: post to the neck of pancreas by union of splenic V and sup mesenteric V.

End: in porta hepatis by dividing into Rt and Lt divisions (to corresponding functional lobes of liver).

Course & relations:

· It begins post to the neck of pancreas and ant to aorta.

· It ascends ant to IVC and post to 1st part of duodenum separated from it by common bile duct (ant and to the Rt) and gastroduodenal A (ant and to the Lt).

· It enters free border of lesser omentum with the common bile duct (ant and to the Rt) and hepatic A (ant and to the Lt), ant to IVC (separated from it by epiploic foramen)

· in porta hepatis it lies post (the hepatic ducts are ant and the hepatic As are intermediate), ant to IVC (separated from it by the post lip of porta hepatis). 

Tributaries:

1) Splenic V

Begining: hilum of spleen

End: post to the neck of pancreas by uniting with sup mesenteric V to from portal V.

Course & relations: passes post to the body of pancreas, ant to Lt kidney, Lt crus of diaphragm and aorta

Tributaries: (corresponds to splenic A + inf mesenteric V)
a) Splenic Vs
b) Lt gastroepiploic V

c) Short gastric Vs

d) Pancreatic Vs

e) Inf mesenteric V (accompanies inf mesenteric A and drains the same area).

2) Sup mesentric V:

Begining: by union of jejunal & ileal Vs.

End: post to the neck of pancreas by uniting with splenic V to from portal V.

Course & relations: ascends in the root of mesentery. It crosses 3rd part of duodenum and uncinate process of pancreas.

Tributaries: (corresponds to SMA + Rt gastroepiploic V)
a) Jejunal & ileal Vs

b) Iliocolic V

c) Rt colic V

d) Middle colic V

e) Inf pancreatico duodenal V

f) Rt gastroepiploic V

3) Rt gastric V

4) Lt gastric V

5) Sup pancreaticoduodenal V

6) Rt division of portal V receives cystic V

7) Lt division of portal V receives: 

a) Paraumbilical V

b) Ligamentum teres (obliterated Lt umbilical V)

c) ligamentum venosum (obliterated ductus venosus) 
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Portosystemic anastomosis
Portosystemic anastomosis

Importanc: in portal hypertension (obstruction of blood flow in portal V), the portal blood reaches systemic circulation through sites of portosystemic anastomosis. This may lead to some clinical manifestations.

Sites:

1) Lower end of esophagus: between tributaries of Lt gastric (portal) and azygous V (systemic). In portal hypertension it may lead to esophageal varices.
2) Upper ½ of anal canal: between sup rectal V (portal) and middle and inf rectal V (systemic). In portal hypertension it may lead to internal piles.
3) Around umbilicus: between paraumbilical Vs (portal) and superficial veins of ant abdominal wall (systemic). In portal hypertension it may lead to caput Medosa (radiating veins from the umbilicus).

4) Bare areas:

a) Bare area of the liver (portal) and diaphragm (systemic).
b) Bare area of the stomach (portal) and diaphragm (systemic).
c) Bare areas of the colon (portal) and systemic organs (muscles, kidneys… etc).

5) Patent ductus venosus: between Lt division of portal V (portal) and IVC (systemic).
6) Vs of Retzius: between veins of retroperitoneal digestive organs, e.g. ascending and descending colon (portal) and IVC or its tributaries (systemic).
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Parts of the stomach

The stomach

Shape & site: J shaped to steer horn. Lying in the upper abdomen. It is the most dilatable part of GIT

Parts of the stomach:

1) Fundus: above the cardiac sphincter. Always filled with air.

2) Body: most of the stomach

3) Pylorus: the Rt part. Further divided into antrum, canal and sphincter.

Relations

2 ends: cardiac & pyloric
	
	Cardiac orifice
	Pyloric orifice

	Site
	Between esophagus & stomach
	Between stomach & duodenum

	mobility
	fixed
	mobile

	Sphincter
	physiological
	Anatomical (thickened circular Ms)

	Landmark
	45 cm from incisors
	Prepyloric V of Mayo


2 borders: lesser & greater curvatures
	
	Lesser curvature
	Greater curvature

	Description
	Short, concave & directed to the Rt
	Long, convex & directed to the Lt

	Attached peritoneal folds
	Lesser omentum


	· Greater omentum

· Gastrosplenic ligament

· Gastrophrenic ligament
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Post relations of the stomach

2 surfaces: ant & post, which have the following relations:
	Ant surface
	Post surface (stomach bed)

	Greater sac separating it from

· Liver

· Ant abdominal wall

· Diaphragm (separating it from Lt lung & pleura)
	Lesser sac separating it from:

· Lt crus of diaphragm

· Lt kidney & Lt suprarenal

· Body of pancreas

· Transverse mesocolon

· Splenic A

· Splenic flexure

Spleen (separated from the stomach by greater sac)


Arterial blood supply (all from coeliac A):

1) Rt & Lt gastric As: at lesser curvature

2) Rt & Lt gastroepiploic As: at greater curvature.

3) Short gastric As: supplies the fundus.

Venous Drainage: corresponds to the arteries and end in portal vein

Lymphatic drainage: Coeliac lymph nodes.

Nerve supply: Coeliac plexus.

	Histology of Gastrointestinal (alimentary) Tract


	Oesophagus


Formed of 4 layers:

1-
Mucosa:consists of:
A]
Epithelium= non-keratinized stratified squamous to protect against rough food.

B]
Lamina propria= loose c.t. contains simple tubular mucous secreting glands called cardiac glands.

C]
Muscularis mucosa= smooth muscles in 2 layers; inner circular (I.C) & outer longitudinal (O.L).

2-
Submucosa:

· Loose c.t. rich in blood vessels, lymph vessels & Meissner's plexus of nerves which regulate mucosal folding.
· It contains Oesophageal glands= compound tubulo- alveolar mucous glands. Their ducts open on the surface to protect the mucosa.

3-
Musculosa:

· formed of inner circular (I.C)&outer longitudinal (O.L) layers
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4-
Adventitia:  
It is formed of loose c.t. which connects the esophagus with surroundings. After piercing the diaphragm it is replaced by serosa.
	Histology of the Stomach


· Anatomically the stomach is divided into cardiac region, fundus, body & pylorus.

· The cardiac region: It contains the cardiac mucous glands.

· Fundus & body: They have the same histological structure.

Fundus of Stomach

1-
Mucosa:
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Thick, dark & highly folded, in full stomach these folds (rugae) disappear.

Formed of:

a.
Epithelium: Simple columnar; mucous surface cells (see the table).

b.
Lamina propria: loose c.t. containing fundic glands.

c.
Muscularis mucosa: smooth muscles arranged as inner circular& outer longitudinal.

Characters of Fundic Glands   
· Simple branched tubular gland.

· Occupy most of the thickness of mucosa.

· Perpendicular to the surface.

· Highly crowded with little c.t. inbetween.

· Open on the surface by narrow & short pits (ducts)

· The ratio between the pit & gland 1:3 or 1:4
· Formed of isthmus, neck & base.

· Lined with 6 types of cells: see the table
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	1.Mucous surface cells
	2. Mucous Neck cells
	3. Undiff. stem cells

	site
	· surface, 

· pit.&

· isthmus
	- Neck
	· Pit

· isthmus

· neck


	L.M
	· Col. cell with basal oval N
· Vacuolated apex [contains mucin droplet which dissolve]
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	- Col. cells with basal flat N.
- the whole cytoplasm appears vacuolated
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	· low col. Cell basal oval N
· Mitotic figures
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	E.M
	1. Rich in r.ER & mit.

2. Well developed (supranuclear) G.A.
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Apical secretory granules


	1. Basal r-ER &mit.

2. SupranuclearG.A.
3. [image: image94.jpg]


Secretory granules
	1. Many free ribosomes & polyribosomes
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Few organelles.


	Functions
	-Secrete mucous (which cover the surfacefor(lubricat & protection against 

-autodigestion &

- ulceration 
	- Secrete mucous to protect against HCl

	- Renewal of other cells.


	
	4. Peptic= chief= central cells
	5. Parietal or oxyntic cells
	6. Entero endocrine Argentaffin or APUD

	site
	· Most numerous cells in the base
	- isthmus, neck &
- base
	- Base

	L.M
	Pyramidal cell basal rounded N.
· cytoplasm Basal basophilicwith apical pale zymogen granules
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	-Pyramidal cell with central round N
-Base is adherent to b.m. but apex don't reach surface so called parietal
-Deeply acidophilic cytoplasm
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	· low col. cell with 

· central round N.

· Basal granules stained with Ag.

	E.M
	- Rich in r.ER & mit.

- Well developed (supranuclear) G.A.
- Apical dense
secretory granules
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Euchromatic N with prominent nucleolus

	-Intra cellular canaliculi with many microvilli.
-many mit. 

-few r-ER
- many s-ER.
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.
	- Many mit. &rER

- Infranuclear Golgi.

- Basal electron 

dense secretory
granules
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	Function
	- Secrete Gastric enzymes:
1. Rennin

2. Pepsinogen( pepsin

3. lipase
	1- Form & SecreteHcl
2- Secrete intrinsic factor for absorption of vit. B12

	Secrete hrs: 5types:

1-G- cells(gastrin
( stimulate HCl

secretion

2- (a-cells) glucagon((bl. sugar 

3- E- cells(endorphin
   [pain killer]
4- D-cells( somatostatin [anti- G.H.]
5- E C cells(serotonin (Vasoconstion


2-Submucosa:

-
Loose c.t. rich in blood vs, lymph vs & Meissner's plexus of nerves.
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3-Musculosa:
-
Smooth muscles in 3 layers
-
Auerbach's plexus of nerves is present between the circ. & long muscle layers to regulate peristaltic movement of the musculosa.

4-Serosa: loose c.t. covered with simple squamous epithelium [mesothelium].
Changes at the gastro-esophageal junction:

1.
The mucosa becomes thicker & highly folded.

2.
The stratified squamous epithelium of esophagus changes into simple columnar towards the stomach.

3.
Appearance of gastric glands.

4.
Disappearance of esophageal glands.

5.
The musculosa becomes thicker due to appearance of inner oblique layer.
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Histological differences between fundus and pylorus

	
	Fundus
	Pylorus

	Mucosa
	Highly folded, darkly stained
	Less folded, lightly stained

	Corium
	Contains fundic glands
	Contains pyloric glands

	Glands
	Fundic glands:
	Pyloric glands:

	
	· Very crowded& occupy most of the thickness of mucosa.
	· Less crowded, & occupy 1/2 the thickness of mucosa.

	
	· Simple branched tubular glands.
	· Coiled branched tubular glands.

	
	· Perpendicular to the surface.
	· Not perpendicular to the surface.

	
	· Minimal C.T. between glands.
	· Abundant C.T. between glands.

	
	· Gastric pits are narrow (1/4-1/3 of gland length).
	· Gastric pits wide & deep.

	
	· Lined by: surface columnar, mucous, peptic, oxyntic, APUD & stem cells.
	· Lined by: surface columnar, mucous, few APUD & occasional oxyntic cells.

	Submucosa
	Wider
	Narrower
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Musculosa
	Three layers: inner oblique, middle circular and outer longitudinal.
	Two layers: inner thick circular (pyloric sphincter) and outer longitudinal.


	Esophagus

	1- The esophagus is: 
	· Muscular tube 20 cm long 

	
	· The upper ⅓ is striated muscle

	
	· The lower ⅓ is smooth muscle

	
	· The middle ⅓ is mixed.

	2- The ends of the esophagus are closed by:

	
	· The upper end is closed by the Upper Esophageal Sphincter (UES) (pharyngeoesophageal sphincter)

	
	· The lower end is closed by the Lower Esophageal Sphincter (LES)

	Types of movements in GIT
	

	
	
	( Propulsive movements (Peristalsis):

	
	
	
	· Which cause food to move forward

	
	
	
	· It is a reflex response that is initiated when the gut wall is stretched by the contents of the lumen

	
	
	
	· The stretch initiates:
	1- Circular contraction behind the stimulus produced by acetyl choline & substance P 

	
	
	
	
	2- Area of relaxation in front produced by vasoactive intestinal peptide (VIP)

	
	
	
	· The contraction wave moves in an oral to caudal direction at rate 
from 2- 3 m/sec

	
	
	
	· Control:
	· It is independent of the extrinsic innervation

	
	
	
	
	· It is dependent of intrinsic innervation But it can be increased or decreased by autonomic input to gut

	
	
	
	
	· It is an excellent example of integrated activity of enteric nervous system
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Peristalsis

	
	
	( Mixing movements:

	
	
	
	· Mixing movements are quite different in different parts of alimentary tract: In some areas, peristaltic movements cause mixing eg at areas of sphincter

	
	
	
	· Local constrictions can occur every few cm & last few seconds, then new constrictions occur at other points chopping the contents

	
	NB: The peristalsis & constrictive movements are modified in different parts of GIT for proper propulsion & mixing


	Swallowing (Deglutition)

	· It is initiated voluntary & completed involuntary.
	

	· Center: Medulla
	

	· Stages (Phases): 
	

	
	( Buccal phase: 
	(It is Voluntary) 

	
	
	(It is passage of food from mouth to pharynx)

	
	
	1- The front of the tongue is: 
	· Elevated & pressed against hard palate

	
	
	
	· So bolus of food is rolled backwards towards the back of the tongue

	
	
	2- Bolus is forced into pharynx by: Contraction of mylohyoid muscle (skeletal muscle in back of throat)
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Swallowing mechanism
	
	( Pharyngeal Phase:
	(It is Involuntary)

	
	
	
	(It is passage of food from mouth into esophagus through pharynx)

	
	
	In 1 to 2 seconds:
	

	
	
	1- Presence of bolus of food in pharynx stimulates receptors around its opening

	
	
	2- Afferent impulses: 
	· Are carried along trigeminal & gloss pharyngeal nerves

	
	
	
	· These impulses are integrated in medulla (the center)

	
	
	3- Efferent 
	impulses: 

	
	
	
	· Are carried along:
	1- Trigeminal (5th CN) 

	
	
	
	
	2- Facial (7th CN)

	
	
	
	
	3- Glossopharyngea1(9th CN)

	
	
	
	
	4- Hypoglossal (12th CN)

	
	
	
	· These impulses result in: 
	

	
	
	
	
	Successive contractions of superior, middle & inferior pharyngeal constrictors pushing the bolus of food to esophagus [as the upper esophageal sphincter (UES) relaxes]

	
	
	
	· The bolus is prevented from passing to: (protective mechanisms)

	
	
	
	
	1. Nose which is closed By elevation of soft palate

	
	
	
	
	2. Mouth which is closed by elevation of: 

	
	
	
	
	
	1] Tongue 

	
	
	
	
	
	2] Contraction of mylohyoid muscle

	
	
	
	
	3. Larynx which is closed by:

	
	
	
	
	
	1] Elevation of larynx to be covered by epiglottis

	
	
	
	
	
	2] Closure of glottis (approximation of vocal cords)

	
	
	
	
	
	3] Inhibition of respiration (swallowing apnea)

	
	( Esophageal Phase:
	(It is Involuntary)

	
	
	(It is passage of food from pharynx to stomach through esophagus)

	
	
	1- The Upper Esophageal Sphincter (UES): 

	
	
	
	· Prevents air from entering the stomach during inspiration. 

	
	
	
	· It relaxes during the passage of food, then contracts

	
	
	2- Travelling along the esophagus:

	
	
	
	1. Fluid: Travels by gravity

	
	
	
	2. Bolus of food: 
	Travels by peristalsis:

	
	
	
	
	( Primary peristalsis:

	
	
	
	
	
	It is: 
	· Continuation of peristalsis in pharynx

	
	
	
	
	
	
	· Duration: 
	Is 8 to 10 sec (However; food takes only 5- 8 sec to reach the stomach due to effect of gravity)

	
	
	
	
	( Secondary peristalsis:

	
	
	
	
	
	It: 
	· Occurs if primary one fails 

	
	
	
	
	
	
	· Initiated by: 
	· Enteric nervous system in esophagus  

	
	
	
	
	
	
	
	· Reflexly through vagovagal ie:

	
	
	
	
	
	
	
	
	· Afferent is: Vagus

	
	
	
	
	
	
	
	
	· Efferent is: Vagus

	
	
	
	3. Lower esophageal sphincter (LES) (gastro esophageal sphincter)

	
	
	
	
	During swallowing, the LES relaxes to allow food passage

	
	
	
	
	NB: LES is:
	· A physiologic sphincter

	
	
	
	
	
	· Tonically constricted 

	
	
	
	
	
	· Prevents the regurgitation of gastric HCl to esophagus to prevent heart burn


	Gastrointestinal Hormones

	
	· They are polypeptides

	
	· Secreted by [special (APUD cells) mucosal cells]: Involved in uptake & decarboxylation of amine precursor

	
	· On the basis of structural similarity & function, hormones are divided into:

	
	
	( Gastrin family:
	

	
	
	
	( Gastrin hormone:
	

	
	
	
	
	· Chemical nature: It is polypeptide

	
	
	
	
	
	It is 3 types according to number of amino-acids:

	
	
	
	
	
	· Site of secretion: 
	Secreted by G cells in antrum of stomach and duodenum

	
	
	
	
	
	· Mechanism of secretion: (stimuli of secretion)

	
	
	
	
	
	
	1- Rise of pH above 2 (occurs after meals)

	
	
	
	
	
	
	2- Chemical stimuli:
	

	
	
	
	
	
	
	
	· As soup extract & peptones (protein digestive products)

	
	
	
	
	
	
	
	· Phenylalanine & tryptophan are particularly effective

	
	
	
	
	
	
	3- Distension of antrum

	
	
	
	
	
	
	4- Vagal stimulation: Through chemical transmitter called: Gastrin Releasing peptide (GRP) [not acetyl choline. So, not blocked by atropine]

	
	
	
	
	
	· Actions:
	1- Stimulates HCl acid secretion & pepsin secretion

	
	
	
	
	
	
	2- Trophic action: Stimulates growth of GIT mucosa 

	
	
	
	
	
	
	3- Contraction of lower esophageal sphincter (LES)

	
	
	
	
	
	
	
	Zullinger-Ellison Syndrome: 

Overgrowth of APUD cells leads to → hyper-gastrinoma & high acidic gastric juice → leading to duodenal ulcer

	
	
	
	( Cholecystokinin-Pancreozymin [CCK]:
	

	
	
	
	
	
	It is many types according to number of amino acids

	
	
	
	
	
	· Site: CCK is secreted by certain APUD cells in upper part of small intestine

	
	
	
	
	
	· Mechanism of secretion: (Stimuli of secretion) presence of the following in small intestine :

	
	
	
	
	
	
	( Polypeptides

	
	
	
	
	
	
	( Amino acids

	
	
	
	
	
	
	( Fat

	
	
	
	
	
	
	( Bile salts 

	
	
	
	
	
	· Actions:
	1- Evacuation of gall bladder

	
	
	
	
	
	
	
	2- Stimulates pancreatic enzymatic juice:

	
	
	
	
	
	
	
	
	( Rich in enzymes 

	
	
	
	
	
	
	
	
	( Poor in bicarbonate

	
	
	
	
	
	
	
	
	( Small in volume

	
	
	
	
	
	
	
	3- Contracts pyloric sphincter & Inhibits gastric emptying

	
	
	( Secretin family:
	

	
	
	
	( Secretin:
	

	
	
	
	
	· Chemical nature: It is polypeptide

	
	
	
	
	
	· Site: 
	Secretin is secreted by special APUD cells in duodenum & upper part of small intestine

	
	
	
	
	
	· Mechanism of secretion:
	Decline in pH in intestinal fluid below 4.5

	
	
	
	
	
	· Actions:
	1- Inhibits HCl secretion.

	
	
	
	
	
	
	
	2- Stimulates pancreatic aqueous juice:

	
	
	
	
	
	
	
	
	( Large volume

	
	
	
	
	
	
	
	
	( Rich “increase” in bicarbonate

	
	
	
	
	
	
	
	
	( Poor in enzymes(increase pH suitable for action of pancreatic enzymes)

	
	
	
	
	
	
	
	3- Contracts pyloric sphincter & Inhibits gastric emptying

	
	
	
	
	
	· Cigarette smoke inhibits secretin release, so it can lead to duodenal ulcer due to drop of pH of duodenum

	
	
	
	( Gastric Inhibitory Peptide [GIP]:
	[Glucose dependent insulin-tropic peptide]

	
	
	
	
	· Chemical nature: It is polypeptide

	
	
	
	
	
	· Site: 
	GIP is secreted by special cells in upper part of small intestine

	
	
	
	
	
	· Stimuli of its secretion:
	1- Decline in pH of intestinal fluid

	
	
	
	
	
	
	2- Presence of carbohydrate & fat

	
	
	
	
	
	· Actions:
	1- Inhibits HCl secretion

	
	
	
	
	
	
	
	2- Stimulates insulin secretion 

	
	
	
	( Vasoactive Intestinal Peptide [VIP]:
	

	
	
	
	
	
	· Site: 
	Special cells in upper part of small intestine

	
	
	
	
	
	· Stimuli of its secretion: Digestive products

	
	
	
	
	
	· Actions:
	1- Vasodilatation of intestinal vessels

	
	
	
	
	
	
	
	2- Stimulates pancreatic HCO3 secretion

	
	
	
	
	
	
	
	3- Inhibits HCl of stomach

	
	
	
	
	
	
	
	4- Regulates GIT tone & motility


	
	
	( Other hormones:
	

	
	
	
	( Motilin:
	· Site: Upper part of small intestine

	
	
	
	
	· Stimuli of its secretion: Digestive products

	
	
	
	
	· Actions:
	1- Contract lower esophageal sphincter

	
	
	
	
	
	2- Stimulates antral & duodenal motility

	
	
	
	( Somatostatin [GHIRH]:
	· Site: Stomach & upper part of small intestine

	
	
	
	
	· Stimuli of its secretion: Presence of HCl

	
	
	
	
	· Actions:
	1- inhibits gastric secretin

	
	
	
	
	
	2- Inhibits pancreatic secretion 
(exocrine & endocrine)


	
	Secretory Functions of Stomach

	
	
	· Volume: 2.5-3 liters/day

	
	
	· pH: Highly acidic

	
	
	· Constituents:
	( Water
	

	
	
	
	( Ions:
	( H+ 

	
	
	
	
	( Cl-

	
	
	
	
	( Na+

	
	
	
	
	( K+

	
	
	
	
	Varies with rate of secretion: At low rate:
	· Na+ is high 

	
	
	
	
	
	· H+ is low 

	
	
	
	
	
	· Vice versa

	
	
	
	( Enzymes:
	( Pepsinogen
	

	
	
	
	
	( Gelatinase
	

	
	
	
	
	( Lipase
	

	
	
	
	( Mucus
	
	

	
	
	
	( Intrinsic factor “IF” for absorption of vitamin B12

	
	
	Functions of HCl:
	(
	Activation of pepsinogen to pepsin

	
	
	
	(
	Provide optimum pH for action of pepsin

	
	
	
	(
	Helps in absorption of: 
	· Iron 

	
	
	
	
	
	· Calcium

	
	
	
	(
	Aids protein digestion
	

	
	
	
	(
	Precipitate milk in stomach 

(to be exposed for long time to pepsin)

	
	
	
	
	
	

	
	
	
	(
	Dissolves food particles changing to form chyme

	
	
	
	(
	Maintains relative sterility of the stomach 

(ie kills the bacteria)

	· Mechanism of acid secretion:
	

	
	( H2CO3 is: Formed by hydration of CO2 by: Carbonic anhydrase in the parietal cells

	
	( H2CO3 is: Spitted into H+ & HCO3--


	
	
	Carbonic Anhydrate
	
	
	
	
	
	

	
	CO2 + H2O
	
[image: image32]
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	Inside the parietal (oxyntic) cell
	Enzyme
	
	
	Pumped out of the cell into gastric lumen [Against concentration gradient (so it needs ATP)]
NB: This occurs in exchange of K+ through  H+-K+ ATPase in apical (luminal) border of parietal cells
	
	· Is secreted out of the cell (into blood) in exchange with Cl- (antiports) [in basal border of parietal cells]
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	· Cl- diffuses into gastric lumen down it’s electro-chemical gradient through channels 
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	· This is called Cl- shift phenomenon
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


	
	(
	H+ unites with Cl- in gastric lumen to form HCl
	

	
	(
	H+ & Cl- in gastric lumen draws H2O passively leading to iso-osmotic HCl

	N.B:
	Post prandial Alkaline tide: 
	· It is temporary increase in pH of blood and urine during HCl secretion

	
	
	
	
	
	· This is because, for each molecule HCl formed in the lumen, a molecule of NaHCO3 is formed in blood
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Postulated mechanism for secretion of hydrochloric acid (HCl)

NB: - The points labeled "p" indicate active pumps. 

       - The dashed lines represent free diffusion & osmosis
	· Factors affect acid secretion:
	

	
	1- Nervous: 
	Vagus & intrinsic Plexus:
	· 50% of nerve signals to stomach are through vagus 

	
	
	
	
	
	· The other 50% are through local reflexes 
(enteric nervous system)

	
	2- Gastrin: 
	· Gastrin stimulates HCl secretion 

	
	
	
	· It is stimulated by: 
	· Signals from vagus 

	
	
	
	
	· Local enteric reflexes

	
	3- Histamine:
	· Comes from cells in mucosa that resembles mast cells

	
	
	
	· Small amount of histamine is a necessary cofactor for exciting significant acid secretion by acetyl choline or gastrin

	
	
	
	· The histamine receptors are:
	· H2

	
	
	
	
	· Its mechanism of action is cAMP

	
	
	
	
	· Can be blocked by H2 blockers as: 

	
	
	
	
	Cimetidine or Ranitidin

	
	
	4- Prostaglandin (PGE2): Inhibit acid secretion

	· Phases of gastric secretion: 3 Phases
	

	
	( Cephalic Stimulatory Phase:
	Nervous

	
	
	· It accounts for ⅓ of the gastric secretion

	
	
	· Both: 
	· Conditioned

	
	
	
	· Unconditioned reflexes 

	
	
	Stimulate the dorsal motor nucleus of vagus →increasing the secretion of:

	
	
	
	( HCl

	
	
	
	( Pepsinogen

	
	
	
	( Gastrin

	
	
	
	( Mucus

	
	( Gastric Stimulatory Phase:
	Nervous & Hormonal

	
	
	It accounts for ⅔ (70%) gastric secretion
	

	
	
	( Nervous:
	· Long vagovagal reflexes
	

	
	
	
	· Short local enteric reflexes
	

	
	
	( Hormonal: Gastrin hormone
	

	
	( Intestinal Inhibitory Phase:
	Nervous & Hormonal

	
	
	
	
	
	

	
	
	· Fat
	
	
	In duodenum inhibit gastric secretion (acid & pepsin) via:

	
	
	
	
	
	( Nervous (Neural): Enterogastric reflex: 

	
	
	· Carbohydrate
	
	
	( Hormonal (Hormonal mechanism)

	
	
	· 
	
	
	

	
	
	
	
	
	
	· Enterogastrone hormones (secretin, CCK, GIP & VIP) 

	
	
	· Amino acids
	
	
	
	· NB: Intestinal gastrin stimulates gastric secretion


	Vomiting

	· Definition: It is reflex emptying of gastric content through the mouth

	· Center:
	This center is: Medulla which is anatomically & functionally related to the respiratory centers

	· Mechanism:
	· Before vomiting:
	( Nausea        ( Salivation

	
	
	( Sweating    ( Tachycardia

	
	· During vomiting:
	

	
	
	1- Stomach:
	· It is completely passive

	
	
	
	· Relaxation of the wall of the stomach

	
	
	
	· Relaxation of the Lower Esophageal Sphincter (LES)

	
	
	
	· Contraction of pyloric antrum

	
	
	2- Strong contraction of diaphragm & abdominal muscles:

	
	
	
	Leading to increase intra-abdominal pressure which squeezes the content out of stomach

	
	
	
	


	
	
	3- Protective reflexes: To protect air passages:

	
	
	
	Food is prevented from passing to:
	

	
	
	
	1) Nose: Elevation of soft palate to close the nasal cavity

	
	
	
	2) Larynx:
	· Closure of Glottis 

	
	
	
	
	· Apnea

	· Causes or types:
	( Reflex causes:

	
	
	Afferent in sympathetic & vagus from mucosa of upper GIT

	
	
	1- Mechanical stimulation of posterior part of the tongue

	
	
	2- 
	· Gastritis (Irritation of gastric mucosa)

	
	
	
	· Peptic Ulcer Disease “PUD”

	
	
	3- Intestinal obstruction

	
	
	4- Visceral pain: eg renal colic & appendicitis

	
	( Central causes

	
	
	Stimulate Chemoreceptor Trigger Zone (CTZ) in medulla

	
	
	1- Drugs: eg: 
	· Apo morphine

	
	
	
	· Emetine

	
	
	
	· Tarteremetic

	
	
	2- Hypoxia
	

	
	
	3- Acidosis
	

	
	
	4- Uremia
	

	
	
	5- Motion sickness: Due to afferents from vestibular nuclei

	
	
	6- Conditioned reflexes: eg:
	· Nauseating smells

	
	
	
	· Sickeing sights

	· Effects of vomiting:
	1- Alkalosis: Due to loss of HCl (may lead to tetany)

	
	2- Dehydration: Leading to:
	( Hypotension

	
	
	( Tachycardia

	3- 
	4- Hypokalemia (↓K): Due to potassium loss 
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Relations of the duodenum
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Major duodenal papilla
Small Intestine

· It is 6 meters long extending from gastroduodenal junction to ileocecal junction. It is the main site of absorption of nutrients.

Parts (from proximal to distal):

1) Duodenum

2) Jejunum

3) Ileum

Duodenum

· It is 25 cm (10 inches) long C shaped part, extending from gastroduodenal junction to duodenojejunal junction. It is the shortest, widest, and most fixed part of the small intestine.

Parts:

	
	1st part
	2nd part
	3rd part
	4th part

	length
	2 inches
	3
	4
	1

	Surface anatomy
	Starts 1 inch to the Rt of midline, directed to the Rt  at the level of L1
	Directed inferiorly from L1-L3
	Directed to the Lt at the level of L3
	Directed superiorly from L3-L2

	Relations
	The 4 parts surround the head of pancreas

	
	Ant: liver & gall bladder
	Ant: liver & transverse colon
	Ant: sup mesenteric vessels & root of mesentery
	Ant: transverse colon

	
	Post:

· Portal V 

· CBD (ant to the V & to the Rt) 

· Gastroduodenal A (ant  to the V & to the Lt)
	Post: Rt kidney, ureter & psoas major
	Post: IVC & aorta (+ origin of inf mesenteric A)
	Post: Lt psoas major


N.B.: the 2nd part shows an opening at its middle (major duodenal papilla), which receive the liver and pancreatic secretions through hepatopancreatic ampulla, this opening is guarded by sphincter of Oddi. It is the meeting point between foregut & midgut. It shows another opening 2 cm proximal to it (minor duodenal papilla) for the accessory pancreatic duct.
Arterial blood supply:

1) Sup pancreaticoduodenal A (of gastroduodenal): supplies the part proximal to the major duodenal papilla.

2) Inf pancreaticoduodenal A (of sup mesenteric): Supplies the part distal to the major duodenal papilla.

Venous drainage: sup & inf pancreaticoduodenal Vs → sup mesenteric V → Portal V

Lymph drainage: coeliac & sup mesenteric lymph nodes

Nerve supply: coeliac & sup mesenteric plexuses
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	Jejunum
	Ileum


Jejunum and ileum

	
	Jejunum
	Ileum

	Extent & site


	Proximal 2.5 meters, lying mainly in umbilical region
	Distal 3.5 meters, lying mainly in lower abdomen

	Wall & diameter
	thick wall and wide diameter (4 cm)
	thin wall and narrow diameter (3.5 cm)

	Mucosal folds (permanent)
	Many large circular folds with numerous villi.
	Few circular folds & villi



	Lymphatics
	Few small lymphatic follicles
	Many large lymphatic follicles forming Peyer's patches

	Vascularity
	More vascular (red mucosa)
	Less vascular 

	Arteries (in the mesentery)
	Form 1-2 arcades and long vasa recta
	Form 3-5 arcades and short vasa recta

	Fat (in the mesentery)
	Few
	Large

	Windows (spaces between vessels in the mesentery)
	Large & open
	Small & opaque


Mesentery of small intestines: a fan shaped peritoneal fold showing
Attached border (root of mesentery): 6 inches long (15 cm) running obliquely from duodenojejunal flexure to ileocecal junction. It contains the sup mesenteric A
Free border: 6 meters long and contains the jejunum & ileum

Arterial blood supply: jejunal and ileal As (of sup mesenteric)

Venous drainage: jejunal & ileal Vs → sup mesenteric V → portal V

Lymphatic drainage: lymphatics in the wall (called lacteals due to the high fat contents) → lymph nodes in the mesentery (small near the intestine → medium sized → Large near the root) → sup mesenteric lymph nodes → coeliac lymph

Nerve supply: sup mesenteric plexus.
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Large intestine

Large Intestines

Differences between small and large intestine:

	
	Small intestine
	Large intestine

	Length
	6 meters
	1.5 meter

	Diameter
	Small (3.5-4 cm)
	Large (7-8 cm)

	Taenia coli (thickened bands of longitudinal muscle layer)
	absent
	Present as 3 bands (absent in appendix, rectum & anal canal)

	Sacculation (haustration)
	absent
	Present as taenia coli is shorter than the colon

	appendices epiploicae (fat pouches in peritoneal covering)
	absent
	Present (absent in cecum, appendix, rectum & anal canal)

	Mucosal folds
	Present, permanent & show villi
	Present, disappear by distension & with no villi (permanent in rectum)

	Villi
	Present
	Absent

	Function
	Absorption of nutrients
	Absorption of water
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Posterior relations of cecum
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Blood supply of cecum and appendix

Cecum

· A blind sac at the beginning of large intestine in the Rt iliac fossa. It is 2.5 inches long and 3 inches width.

Relations:
Ant: small intestines & ant abdominal wall.

Post: psoas major, iliacus & femoral N (in between).
Connections of the Cecum:

Ilium: medially and the opening is guarded by ileocecal valve.

Appendix: 2 cm below ileocecal opening.

Ascending colon: superiorly.

Arterial blood supply: ant and post cecal As (of ileocolic).

Venous drainage: ant and post cecal Vs → sup mesenteric V → portal V.

Lymphatic drainage: sup mesenteric lymph nodes → coeliac lymph.

Nerve supply: sup mesenteric plexus.
Vermiform apppndix

· It is a blind tube connected to the cecum in the Rt iliac fossa. It is the narrowest part of the GIT, and it varies in size from 2-20 cm

Position: it  is connected to the cecum 2 cm below ileocecal opening and extends to the following sites:

· Retrocecal (65%)

· Pelvic (31%)

· Subcecal, preileal & postileal

Arterial blood supply: appendicular A (of ileocolic). It is an end A. 
Venous drainage: appendicular V → ileocolic V → sup mesenteric V → portal V

Lymphatic drainage: sup mesenteric lymph nodes.

Nerve supply: sup mesenteric plexus

Applied anatomy: Appendicitis (inflammation of the appendix):

· It is usually presented by pain in the umbilical region (referred pain as the appendix is supplied by T10), shifted to the Rt iliac fossa (due to spread of inflammation to the abdominal wall).

· Inflammation of appendix may cause thrombosis of appendicular A (end A) → ischemia → perforation → peritonitis (which may be fatal).

· The pelvic appendix may be related to the adnexa in females leading to cross inflammation and misdiagnosis.

· Neglected appendicitis is sometimes controlled by the greater omentum (policeman of the abdomen) forming appendicular mass. Surgery should be postponed in this case.

· McBurney's point: 

· Junction between middle & lat ⅓ of the line between umbilicus & ant sup iliac spine.

· It is the surface anatomy of the base of appendix, the point of maximum tenderness and the point for surgical incision.
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Cecum and ascending colon

Ascending colon

· It is 5 inches long, starting from the cecum and ascends till it bends at the inf surface of the liver (Rt colic (hepatic) flexure)

Relations:
Ant: small intestines & ant abdominal wall

Post:

· Psoas major

· Iliac crest (quadratus lumborum above it and iliacus below it), all lat to psoas major.

· Femoral N (between psoas major & iliacus)

· Rt kidney

Arterial blood supply: ileocolic and Rt colic
Venous drainage: ileocolic & Rt colic Vs → sup mesenteric V → portal V

Lymphatic drainage: sup mesenteric lymph nodes

Nerve supply: sup mesenteric plexus
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Transverse colon

Transverse colon

· It is 20 inches long, extending between the 2 colic flexures.

Relations:

Ant: greater omentum

Post (from Rt to Lt): 2nd part of duodenum, head of pancreas and small intestine.

Sup: liver and stomach
Inf: small intestine

Arterial blood supply: middle and Lt colic As.

Venous drainage: middle and Lt colic Vs.

Lymphatic drainage: sup and inf mesenteric lymph nodes

Nerve supply: sup and inf mesenteric plexuses
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Descending colon

Descending colon

· It is 10 inches long, extending between the Lt colic (splenic) flexure and sigmoid colon

Relations: 
Ant: small intestine & ant abdominal wall

Post:

· Psoas major

· Iliac crest (quadratus lumborum above it and iliacus below it), all lat to psoas major.

· Femoral N (between psoas major & iliacus)

· Rt kidney

Arterial blood supply: Lt colic and sigmoidal As

Venous drainage: Lt colic & sigmoidal Vs → inf mesenteric V → splenic V → portal V

Lymphatic drainage: inf mesenteric lymph nodes

Nerve supply: inf mesenteric plexus

Colic flexures

	
	Right colic (hepatic) flexure
	Left colic (splenic) flexure

	Site
	Lower
	Higher

	Relations:
	
	

	Ant
	Liver
	Stomach 

	post
	Rt kidney
	spleen

	Arterial blood supply
	Rt colic 
	Lt colic 

	Venous drainage
	Rt colic 
	Lt colic 

	Lymphatic drainage
	Sup mesenteric lymph nodes
	Inf mesenteric lymph nodes

	Nerve supply
	Sup mesenteric plexus
	Inf mesenteric plexus
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Sigmoid colon

Sigmoid colon

· It is 15 inches long, extending from descending colon (at pelvic inlet) to rectum (at S3).

Relations:

Upper ⅓: Lt lat pelvic wall (external iliac vessels, obturator N and vessels and vas deferens (in male) or ovary (in female)).

Middle  ⅓: passes in rectovesical pouch (in male) or rectovaginal pouch (in female)

Lower ⅓: small intestine and Lt ureter.

Arterial blood supply: sigmoidal As

Venous drainage: sigmoidal Vs → inf mesenteric V → splenic V → portal V

Lymphatic drainage: inf mesenteric lymph nodes

Nerve supply: inf mesenteric plexus
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Rectum

Rectum

· It is 5 inches long, extending from sigmoid colon (at S3) to anal canal (1cm anteroinferior to the coccyx). 
· The rectum & anal canal lack taenia coli, sacculation & appendices epiploicae.
Description:

· It is 5 inches long, 4 cm in diameter

· It shows 2 anteroposterior flexures; a sup one concave anteriorly (due to the presence of the sacrum behind) and an inf one concave posteriorly 

· It shows 3 lateral flexures; an upper and lower concave to the Lt and a middle one concave to the Rt

· Its lower part is dilated forming ampulla of the rectum. 

· The interior of the rectum presents 3 transverse folds called rectal valves (of Houston). They project from the concave sides of the flexures. Each consists of a muscular layer covered by mucosa. They are permanent to allow the flatus not the feces to pass.

	[image: image48.jpg]Leftureter Rectum

Pertoneum ~

Urinary
bladder
Publc
symphysis
Prostate
gland
External
urethral
sphincter

Spongy
urethra_ |




	[image: image49.jpg]Rectum
Rignt ureter

Uterus
Perttoneum

Urinary
bladder
Publc
symphysis
Internal —————~ )
uretval N
sphincter
Urethra
External
uretral
sphincter (in

urogenital
diaphragm) Vestibule  Vagina






	Rectal relations in males
	Rectal relations in females


Relations

Ant

In males:

Upper part: rectovesical pouch separating it from urinary bladder, seminal vesicles & vas deferens.

Lower part: prostate. That’s why PR is done in prostatic examination

In females:

Upper part: rectovaginal pouch separating it from uterus. That's why –in virgins- PR examination is done instead of PV

Lower part: vagina

Post:

· S3-5 vertebrae & coccyx

· Sup rectal A.

· Median sacral A & sympathetic chain (ant to the sacral bodies)

· Lat sacral As & ant rami of sacral Ns (passing through ant sacral foraminae) 

· S5 & coccygeal Ns (passing through sacral hiatus) 

· Anococcygeal raphe (extending below the coccyx)

Arterial Blood Supply:

Mucosa: sup rectal A (of inf mesenteric).

The other layers: middle rectal A (of int iliac)
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Venous drainage of rectum and anal canal

Venous Drainage:

Mucosa: sup rectal V → inf mesenteric V → splenic V → portal V 

The other layers: middle rectal V → int iliac V (systemic)

· So, this is a site for portosystemic anastomosis

Lymphatic drainage: inf mesenteric and internal iliac lymph nodes

Nerve supply: inferior hypogastric plexus. 

Anal Canal

· It is 4 cm long, extending from the end of the rectum (1 cm anteroinferior to the coccyx) and anal orifice.

Relations:

Ant

In male: bulb of penis.

In female: vagina.

Lat: ischiorectal fossa.
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Interior of anal canal

Interior of the Anal Canal:

· It shows 2 lines of surgical importance: pectinate & white lines

· Anal columns: 6–10 vertical folds of mucosa above pectinate line. Each contains a branch from sup rectal A and a tributary from sup rectal V.

· Anal valves: crescentic folds of mucosa, connecting the lower ends of the anal columns, they mark the pectinate line.

· Anal sinuses: small pockets above the anal valves.
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Zones and sphincters of anal canal

Parts of anal canal:

	
	Above pectinate line
	Between pectinate & white lines
	Below white line

	Site & length
	1.5 cm
	1.5 cm
	1 cm

	Embryological origin
	Endoderm (hindgut)
	Ectoderm
	Ectoderm

	lining
	Mucosa (simple columnar epithelium,

(shows anal columns, valves & sinuses)
	non keratinized squamous epithelium
	Skin (keratinized squamous epithelium)

	Muscles:
	
	
	

	Internal sphincter
	present
	present
	absent

	Longitudinal muscle layer
	present
	present
	Breaks into fibers which attach to the perianal skin

	External sphincter
	Deep & superficial parts
	Superficial part
	Subcutaneous part

	Arterial blood supply
	Sup rectal A (mucosa)

Middle rectal A (other layers)
	Inf rectal A

	Venous drainage
	Internal venous plexus (deep to the mucosa) → sup rectal V → inf mesenteric V → portal V

Communicates with middle rectal V and external venous plexus (systemic)
	External venous plexus (deep to the skin) ( inf rectal V ( internal iliac V (systemic)

	Lymphatic drainage
	Inf mesenteric & internal iliac lymph nodes
	Superficial inguinal lymph nodes

	Nerve supply
	Autonomic (sensitive to distension & ischemia)
	Somatic (sensitive to pain, touch & temperature)


Anal sphincters:

1) Internal Anal Sphincter:

· It extends from rectoanal junction to white line. 

· It is formed of smooth muscle fibers, supplied by autonomic nerves and act involuntary.

2) External anal sphincter:

· It surrounds the whole anal canal outer to the internal anal sphincter.

· It is formed of skeletal muscle fibers, supplied by somatic nerves and acts voluntary

Parts: 

a) Subcutaneous part: it surrounds the part below the white line.

b) Superficial part: above the subcutaneous part. It is attached to the coccyx and perineal body.

c) Deep part: above the superficial part. It unites superiorly with the puborectalis.
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Histology of the Small Intestine
Formed of 4 layers:

I. Mucosa: Have finger like projections [Villi] &invaginations into c.t. core [crypts]
	
	Intestinal villi
	Intestinal crypt [lieberkühn]

	Definition
	Projections of intestinal mucosa to ( surface area for absorption.
	Invagination from surface between villi.


	Structure
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C.T.core with central lymph vessels(central lacteal) covered with
3 types of cells: 
1-Simple col. Abs. cells

2-Goblet cells.

3-Argentaffin 

[entero-

endocrine]
cells
	Simple tubular glands surrounded by c.t. lined with 6 types of cells:
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1- Simple col. absorbing cells

2- Goblet cells.

3-Entero- endocrine cells

4-Undiffer.Col. (stem) cells.

5- Paneth cells.

6- M- cells.


Mucosa is formed of:

a.Epithelium: Cells lining the intestinal Mucosa (see the table).
b.C.T. corium (lamina propria):
Loose c.t. form the core of villi & surround the crypts, rich in blood vessels, nerves & lymph vessels= central lacteal. In the ileum there are lymph follicles called Peyer's patches
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c.Muscularis mucosa:inner circular & outer longitudinal layers of smooth muscle fibers.
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	1-Columnar absorbing Cell [Enterocyte]
	2.Undifferentiated col cell-
	3.Goblet cell

	Site 


	Villi &crypts
	Crypts
	Villi &Crypts

	LM
	-Tall col. cell 

- Nucleus: basal oval
- Apical acidophilic striated border.
	-Short col. cell 

-N: Basal oval
-many cells show

mitosis

	- Flask shaped 

- Apical expanded vacuolated part

- Basal cylindrical part with dark N.


	EM
	- Apical microvilli which ( surface area for absorption 20 times)
- Cell coat is rich in enzymes.e.g. dipeptidase sucrase & alkaline phosphatase.

- The lat. Borders show

  inter-digitations &

Junctional complexes
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C. .rich in mit., G.A., rER& few free ribosome
	- Many free ribosomes 

& polysomes.

[image: image109.jpg]Islet of
langerhans

Nucleus
Zymogen granules

.cells

Pancreatic Acinus

. cells

bl. sinusoid

| -
3
[ehs
1 3
oo
2L
£



- Few organelles.
	-Basal rER
Some mit.

Supranuclearl GA

 - Apical pale mucous globules.
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	Functions
	1- Complete digestion of

Ptns &CHO by enzymes in glycocalyx

2- Absorptionof glucose, a.as, F.A &monoglycerides
	Stem cell for other cells
	Secrete mucus for protection & lubrication


	
	Paneth Cells
	M (Microfold Cells)

	Enter endocrine (Argentaffin, APUD or DNES) cells

	Site
	Bottom of crypts
	Crypts over Peyer's patches
	Crypts & villi (few)

	L.M.
	cell with 

· N :basal rounded 

Basal basophilic cytoplasm & apical acidophilic zymogen granules.
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	· Modified squamous cells
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	· Columnar cells 

· Apical rounded N.

· - Basal grs (stained with Ag)


	E.M.
	Basal many cisternae of r-ER

supranuclear G.A

Apical electron dense zymogen granules 
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	· 
	· Well developed GA.

· Basal dense granules

[image: image115.jpg]simple columnar
epith.

I- Mucosa

c.t.
II- Musculosa I: T e == » smooth muscles

III- Serosa [ c.t.

s.sq. epith.





	Function
	Secrete Intestinal enzs & lysozyme (antibacterial)
	Antigen transporting

Cells:

Phagocytose & transport antigens in intestinal lumen to underlying lymphocytes
	The same 5 types in stomach in addition to:

6- S. cells ( secretin

7- Mo. Cells ( motilin

8-I. cells ( cholecystokinin  pancreozymin

9- K. cells ( Gastric inhibitory polypeptide.


II.  Submucosa:
Loose c.t. rich in blood vessels, lymph vessels &Meissner's plexus of nerves.

-
In duodenum: contains Brunner's glands= compound tubulo- alveolar mucous glands in submucosa of 1 st part of duodenum, open by ducts in base of crypts.

-
In Ileum: contains Peyer's patches: lymph follicles which start in the mucosa pierce the muscularis mucosa & appear in the submucosa at the antimesenteric side of submucosa, (villi over them either short orabsent)
III.
Musculosa:

Smooth muscles arranged as Inner circ. & outer long layers separated by Auerbach's plexus of nerves.

IV. Serosa: loose areolar c.t covered with simple squamous epithelium (mesothelium).
Differences between the 3 segments of small intestine

	
	Duodenum
	Jejenum
	Ileum

	Length
	25 cm
	2.5 meters
	3.5 meters

	Villi
	Long broad&most numerous
	Shorter, thinner&less numerous
	Short thin & least numerous.

	Goblet cells
	Few
	More
	Most numerous.

	Submucosa
	Contains Brunner's glands
	Neither Brunner's glands norPeyer's patches.
	Contains Payer's patches.


Changes at pyloro-duodenal junction:
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1.
Appearance of intestinal villi.  
2.
The columnar cells acquire microvilli (brush border).

3.
Appearance of goblet cells.

4.
Pyloric glands are replaced by intestinal crypts.

5.
Musculosa becomes thinner.

 Histology of the Large Intestine
· It consists of caecum, colon and rectum.

· Vermiform appendix is a worm like projection of caecum.

· The large intestine is connected to the exterior by anal canal.
Differences between small and large intestine.

	
	Small intestine
	Large intestine

	Length
	About 6 meters.
	About 180 cm.

	Diameter
	Small.
	Larger.

	Segments
	Duodenum, jejunum & ileum.
	Cecum, colon & rectum.

	Mucosa
	Villi & crypts.


	Crypts only, no villi.

	Epithelium
	Columnar absorptive, goblet, stem, Paneth, APUD cells
	Columnar absorptive, many goblet, stem, APUD cells. No Paneth cells.

	Lamina propria
	Contains lymphocytes, plasma cells & leukocytes between the crypts.
	Contains lymphatic nodules& diffuse lymphocytes between the crypts.

	Submucosa
	Contains Brunner’s glands in duodenum & Peyer’s patches in ileum
	Neither glands nor lymph follicles.

	Musculosa
	Inner circular & outer longitudinal (which is continuous).
	Outer longitudinal layer forms 

	Serosa
	Formed of C.T. & simple squamous mesothelium.
	Have accumulations of fat cells under the serosa (appendices epiploicae).
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Rectum: similar to colon but differs in;

1. Crypts: deeper, fewer, with many goblet cells.
2. Notaenia coli.
3. Serosa is replaced by adventitia as there is no peritoneal covering.
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Changes at the recto-anal junction:  
1.
Intestinal crypts disappear.

2.
The simple columnar epith. with goblet cells of the rectum changes into stratified columnar at columns of Morgagni then stratified squamous at the analvalve then hairy skin at the anus.

3.
The muscularis mucosa splits then disappears.

4.
The inner circular muscle layer becomes thicker (internal sphincter.

5.
The outer longitudinal muscle layer becomes thinner & extends between the internal &external sphincters (formed of skeletal muscles).

Appendix:

· Mucosa:  
Epithelium: columnar absorptive cells, goblet cells, stem cells, M cells, enteroendocrine (APUD) cells.
Lamina propria: CT containing Crypts which are short & irregular.

Muscularis mucosa: not well developed.

· Submucosa:CT.containing lymphoid follicles.

· Musculosa: thin formed of inner circular and outer longitudinal smooth muscle fibers.

· Serosa: C.T covered by simple squamous epithelium. No appendices epiploicae.
	Small Intestine

	· Parts of small intestine:
	1- The first part is: The duodenum

	
	2- Then jejunum (40%) 

	
	3- Lastly ileum (60%)

	· Digestion in the small intestine is completed in: 
	1- Lumen or 

	
	2- In the mucosal cells

	· The absorptive surface of the small intestine:
	

	
	Is increased 600 folds by: 
	· Valvulae connivents 

	
	
	· Villi

	
	
	· Microvilli (brush border)

	· The small intestine: 
	Is presented with about 9 liter of fluid per day & only 
2 liter pass into the colon

	Motility (movement) of the small intestine:
	

	· Movement of small intestine: 
	1- Mix intestinal contents 

	
	2- Propel it towards large intestine

	· The intestinal slow waves (Basic Electrical Rhythm) (BER):

	· These are slow waves of partial depolarization that occur at a rate:

	
	( 12 waves/minute at duodenum
	

	
	( 8 waves/minute at ileum
	

	· They start at "Pacemaker of small intestine" around the ampulla of Vater where they proceed forwards

	· When the gut is distended mechanically or under the effect of vagal impulses, the slow waves produce action potentials that result in mechanical response

	

	Types of movements of small intestine:
	

	
	( Segmentation (mixing) contractions (Most frequent type)

	
	
	· Description:
	· Several constrictions divide a loop of intestine into equal segments

	
	
	
	· A moment later, new constrictions occur in the middle of each segment while the original constrictions relax & so on

	
	
	
	· The frequency of the segment contractions is: 

	
	
	
	
	( 12 contractions/min in duodenum

	
	
	
	
	( 8 - 9 contractions/min in terminal ileum

	
	
	· Control:
	1- Myogenic:
	ie they are controlled by the slow waves (BER) in the smooth muscles of the intestine

	
	
	
	2- Enteric nervous system
	

	
	
	· Function:
	1- Digestion: They mix the chyme with digestive juices

	
	
	
	2- Absorption:
	They allow food to come in contact with the mucosa facilitating absorption

	
	( Peristaltic waves

	
	
	· Mainly propulsive

	
	
	· Description:
	Intestinal distension leads to: 
	( Contraction behind

	
	
	
	
	( Relaxation in front

	
	
	· They propagate for few cms then die out (1-5 cm/sec)

	
	
	· They are faster in the proximal intestine & slower in the terminal intestine

	
	
	· They move the chyme at a rate of 1cm/min

	
	
	· Normally: Passage of chyme from pylorus to ileocecal valve requires 3-5 hours 

	
	
	· Control:
	1- Peristalsis depends on the integrated activity of the enteric nervous system

	
	
	
	2- The initiating stretch of the wall is send by neurons containing calcitonin gene-related peptide (CGRP)

	
	
	
	3- The wave of contraction behind the stimulus is produced by: 

	
	
	
	
	( Acetyl choline

	
	
	
	
	( Substance P

	
	
	
	4- The relaxation in front is produced by: VIP

	
	
	· Function: Propagation of food

	
	
	
	

	
	
	
	


	Large Intestine (Colon)

	· The main function of colon is absorption of water, sodium and other minerals

	· The colon length is about 100 cm in living adults

	Innervation of the colon:
	

	1- Sympathetic innervation: 
	· Via lesser splanchnic nerves

	
	· They are:
	( Inhibitory to the wall of the colon but

	
	
	( Motor to internal anal sphincter

	2- Parasympathetic innervation:
	

	
	· Via:
	1. Vagus nerve supplies the proximal half of the colon

	
	
	2. Pelvic nerve (sacral parasympathetic) supplies the distal half of the colon including the rectum

	
	· They are:
	( Motor to wall but

	
	
	( Inhibitory to internal anal sphincter

	
	· The external anal sphincter: 
	

	
	
	· Formed of skeletal muscle ie voluntary contracted & relaxed

	
	
	· Supplied by 1st & 2nd sacral segments via the pudendal nerve

	
	
	· It is easily fatigued

	Motility (movement) of the colon:
	

	· It is coordinated by a slow wave of the colon (BER = Basic Electrical Rhythm)

	· The frequency of the BER is: 
	( 2/min at the ileocecal valve

	
	( 6/min at the sigmoid

	Types of movements of large intestine:
	

	( Segmentation contractions:
	

	
	· They are similar to that occurring in the small intestine

	
	· They allow mixing, squeezing of contents & facilitate absorption

	( Haustrations:
	

	
	· The dynamic formation & disappearance of haustration that occur when the chyme enters the colon act in a similar way to that of segmentation contractions

	
	· So, they allow mixing, squeezing & absorption of most fluid & dissolved substances

	( Propulsive movements:

	
	1- Peristaltic waves:
	Rarely occur In most parts of the colon

	
	2- Mass movements:
	It is a modified type of peristalsis which occurs few times each day often following breakfast

	
	· Description:
	There are simultaneous contractions of the smooth muscles over large areas of the colon

	
	· Control:
	· The appearance of mass movement after meals is due to the gastrocolic & duodenocolic reflexes which are mainly conducted through the extrinsic autonomic nerves

	
	
	· However, gastrin also stimulates gastrocolic reflex

	
	· Function:
	It moves the fecal material down the colon into the rectum leading to rectal distension

	
	· 
	

	Defecation:
	 It is mainly a spinal reflex: 

	
	( Defecation reflex:

	
	
	· It is spinal parasympathetic reflex: This reflex occurs in:

	
	
	
	1- Newly born babies and 

	
	
	
	2- In some persons with transected spinal cord above sacral region

	
	
	· Stimulus
	: Rectal distension

	
	
	· Receptors
	: Mechanoreceptors

	
	
	· Afferent
	: Pelvic nerve (parasympathetic)

	
	
	· Center
	: Sacral segments of the spinal cord (S2, S3 S4)

	
	
	· Efferent
	: Pelvic nerve (parasympathetic)

	
	
	· Response
	:
	· Contraction of rectal wall 

	
	
	
	
	· Relaxation of internal anal sphincter

	
	( Preparatory reflexes:
	

	
	
	1] Gastrocolic

	
	
	2] Duodenocolic reflexes leading to mass contractions

	
	
	
	In these reflexes, distension of stomach & duodenum by food produce mass contractions of colon moving food distally

	 Voluntary control of defecation:
	
	

	( If the conditions are acceptable for defecation:
	

	
	1. The cerebral cortex sends excitatory impulses which activate the defecation center

	
	2. The external anal sphincter is relaxed voluntary

	
	3. The act of defecation is helped by straining 
[ie forced expiration against closed glottis to increase intra-abdominal pressure which assist the emptying of the rectum]

	
	NB: The intra-pleural pressure becomes positive leading to decrease venous return-decrease cardiac output and decrease arterial blood pressure (sometimes, there is fainting)

	
	

	( If the conditions are not socially acceptable for defecation:

	
	1. The cerebral cortex sends inhibitory impulses which inhibit the defecation reflex

	
	2. The external anal sphincter contracts voluntary which in turn inhibits the defecation reflex
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Afferent and efferent pathways of the parasympathetic mechanism 
for enhancing the defecation reflex
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Formation of gut

Development of the gut

· Due to folding, the endoderm will form a tube inside the folds (gut) which is further divided into foregut (in the head fold), midgut (between the lateral folds) and hindgut (in the tail fold). The definitive yolk sac becomes outside the folds in the umbilical cord but still connected to the midgut by vitelline (vitello intestinal) duct. The hindgut is also connected to the umbilical cord by a diverticulum called allantois.

· The endoderm develops into the lining of the gastrointestinal tract (except cranial part of oral cavity and caudal part of anal canal which are ectodermal). The surrounding mesoderm (mainly splanchnic) develops into muscles, connective tissue, blood vessels… etc.

development of the Roregut

Development of the oral cavity: formed by stomodeum (ectoderm ) and the most cranial part of foregut. They are separated by the buccopharyngeal membrane, which ruptures forming the oral cavity.

Development of the salivary glands: the parotid gland originates from the ectoderm of the oral cavity, while the submandibular and sublingual glands originates from its endoderm. Each gland starts as a bud which invades the surrounding mesoderm. The bud branches repeatedly forming the acini and the ducts while the surrounding mesoderm forms the connective tissue, vessels and capsules. The part still linked to the oral cavity transforms into the ducts of the glands.

· Distal to this part, the foregut forms the primitive pharynx (endoderm of pharyngeal arches and pharyngeal pouches). This part contributes to the development of tongue, thyroid, lower respiratory system, middle ear, Eustachian tube, tonsils, thymus and parathyroid glands.
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Development of tongue

Development of the tongue

· The endoderm of 1st pharyngeal arch forms two lingual swellings, which develops into the mucous membrane of the ant 2/3 of tongue (hence its innervation for general sensation by lingual branch of mandibular nerve).

· The endoderm of 3rd and 4th arches  forms a single tuberculum impar (impar = single), which develops into the mucous membrane of the post 1/3 of tongue, its root and epiglottis (hence its innervation by glossopharyngeal  and sup laryngeal nerves).

· The line between the ant 2/3 and post 1/3 of the mucous membrane of the tongue is called sulcus terminalis and it shows foramen cecum at its middle.

· From foramen cecum arises a thyroglossal duct which migrates caudally to reach the thyroid cartilage and forms the thyroid gland acini. 

Congenital anomalies:

· Aglossia or hypoglossia: due to failure or defective development of tongue.

· Bifid tongue: due to failure of fusion between the 2 lingual swellings.

· Tongue tie: short frenulum tying the tongue to the floor of mouth.

· The gut distal to pharyngeal arches develops into the lining of esophagus, stomach, cranial ½ of duodenum, liver, gall bladder and pancreas.

Development of esophagus: 

· Just distal to pharyngeal arches, the gut elongates forming the esophagus. Its lining proliferates leading to temporal occlusion of the lumen, followed by recanalization

Congenital anomalies:

· Atresia or stenosis: due to complete obliteration or narrowing respectively.

· Tracheo-esophageal fistula 
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Development of stomach & mesogastria

Development of the stomach:

· It starts as a fusiform dilatation (with an ant and post borders and right and left surfaces) in the caudal part of foregut.

· The development of the liver causes its traction and rotates the stomach 90° to the right so that:

· The ant border becomes directed to the right and forms the lesser curvature.
· The post border becomes directed to the left and forms the  greater curvature. 

· The ventral mesogastrium (between the ant border and the ant abdominal wall) becomes divided by the liver into lesser omentum (between the stomach and the liver) and falciform ligament (between the liver and the anterior abdominal wall).

· The dorsal mesogastrium (between the post border and the post abdominal wall) becomes divided into:

· Greater omentum: descends from the greater curvature and reascend to the post abdominal wall.

· Gastrophrenic ligament: between the greater curvature and the diaphragm.

· Gastrosplenic ligament: between the greater curvature and the spleen.

· Splenecorenal (lienorenal) ligament: between the spleen and the left kidney.

· The left surface becomes the ant surface (and the left vagus becomes the ant gastric nerve).

· The right surface becomes the post surface (and the right vagus becomes the post gastric nerve).

Congenital anomalies:

· Hypertrophic pyloric stenosis: narrowing of pyloric sphincter.

Development of duodenum

· Its cranial ½ (down to the major duodenal papilla) is derived from foregut (supplied by coeliac trunk) and its distal ½ is derived from midgut (supplied by the SMA).

· The duodenum forms a C shaped loop with its concavity directed posteriorly. It follows the rotation of the stomach (90° to the right) so that the concavity becomes directed to the left

Congenital anomalies:

· Duodenal atresia: the lining proliferates leading to temporal obliteratrion of the lumen. In duodenal atresia obliteration persists

Blood supply of foregut: the cranial part down to the lower esophagus is supplied by aortic arches, the distal part is supplied by coeliac trunk.
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Development of midgut

development of the MIdgut
· It develops into caudal ½ of duodenum, jejunum, ileum, caecum, appendix, ascending colon and right 2/3 of transverse colon.

· The midgut forms a U shaped loop along the axis of the sup mesenteric artery. The apex of the loop is connected to the yolk sac by the vitelline duct, which normally disappears.

Physiological hernia: at the 6th week, due to its rapid growth, the midgut herniates outside the abdomen (in the umbilical cord). By the 10th week , the abdomen becomes enlarged, and the hernia returns. During herniation and return the midgut rotates 270° anticlockwise along its axis (SMA). Accordingly, the cranial end (duodenum) comes to the left and the caudal end (colon) comes to the right.

· The cranial limb returns first, and the jejunum and ileum occupy the left side of the abdomen, followed by the caudal limb (hence the transverse colon is ant to the duodenum). The cecum returns lastly just below the liver, it then descends forming the ascending colon.

Congenital anomalies:

· Congenital umbilical hernia: the physiological hernia does not return to the abdomen, or re-herniates through a wide umbilical opening. 

· Anticlockwise rotation by 90°: the colon returns first and occupies the left side.

· Clockwise rotation by 90°: the duodenum returns first but becomes anterior to transverse colon.

· Subphrenic cecum: due to failure of its descent.

· Anomalies of vitelline duct:

· Vitelline ligament: the duct is fibrosed but does not disappear. 

· Vitelline cyst: the duct is fibrosed, but its middle part is patent.

· Meckel’s diverticulum: the part of the duct attached to the gut is patent, the rest disappears. It is found in the ileum 60 cm before the ileocecal junction.

· Vitelline sinus: the part of the duct attached to the umbilicus is patent, the rest disappears.

· Vitelline fistula: the whole duct is patent.

Blood supply of midgut: the superior mesenteric artery

development of the HINDGUT
· The hindgut is connected to the yolk sac inside the umbilical cord by a diverticulum called allantois. The part caudal to the allantois is called the cloaca. The cloaca is closed caudally by cloacal membrane.

· The part cranial to cloaca develops into left 1/3 of transverse colon, descending colon and sigmoid colon
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· Cloaca

Development of cloaca:

· An urorectal septum descends coronally dividing the cloaca and cloacal membrane into:

1) Primitive urogenital sinus ventrally, closed caudally by urogenital membrane. 

2) Anorectal canal dorsally, dorsally, closed caudally by anal membrane.
· The anorectal canal develops into the lining of the rectum and cranial part of anal canal, the surrounding mesoderm forms the muscles and connective tissue (including the internal anal sphincter).

· The caudal part of anal canal lining is derived from the proctodeum (ectodermal depression). The surrounding mesoderm forms the external anal sphincter.

· The two parts are separated by anal membrane which ruptures (at the level of pectinate line).

· Accordingly the lining of the rectum and upper part of anal canal is endodermal in origin, lined by columnar epithelium, supplied by autonomic nerves, insensitive to somatic sensations, supplied by branches of inf mesenteric artery, drains into portal circulation and its lymphatics drain to inf mesenteric and internal iliac lymph nodes.

· While the lower part of anal canal is ectodermal in origin, lined by stratified squamous epithelium, supplied by somatic nerves, sensitive to somatic sensations, supplied by branches of internal iliac artery, drains into systemic circulation and its lymphatics drain to superficial inguinal lymph nodes.

Congenital anomalies:

· Imperforate anus: due to persistent anal memmbrane. 

· Rectal fistula: between the rectum and urinary bladder or vagina, due to deficient urorectal septum.

Blood supply of hindgut: the inferior mesenteric artery.
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Liver

Liver

· Largest gland in the body (1/50 of body weight in adult, 1/20 in infants).

Site: right hypochondrium, epigastrium, part of left hypochondrium

Relations: 2 lobes, 5 surfaces, 3 borders:

	Lobes

Surfaces
	Right
	In between
	Left

	Base
	Related to diaphragm, Rt lung & pleura
	
	

	Ant
	Related to diaphragm, lungs, pleurae & ant abdominal wall
	Falciform ligament
	As Rt lobe

	Sup
	Related to heart, pericardium, lungs & pleurae
	
	

	Post
	From Rt to Lt:

Bare area of the liver: 

· Lies between 2 layers of coronary ligaments

· Related to the diaphragm & Rt suprarenal

Groove for IVC: 

· 2 or 3 hepatic veins are seen in its upper part

NB: pons hepatis: mass of liver bridging over the groove sometimes

Caudate lobe:

Relations: groove for IVC (Rt) lig venosum (Lt), porta hepatis (inf)

Has 2 projections: 

Caudate process 

· Between caudate & Rt lobes (directed to Rt)

· Below it is the epiploic foramen

Papillary process: directed downwards
	Ligamentum venosum
	Esophageal impression



	Inf
	From Lt to Rt:

Quadrate lobe: related to (from ant to post)

· Transverse colon

· Pyloroduodenal junction

· Lesser omentum 

Porta hepatis (hilum of the liver):

Site: post part of the inf surface

Boundaries: quadrate lobe (ant), caudate lobe (post), lesser omentum attached to its margins

Contents (from ant to post):

· Meeting of cystic duct with CHD forming CBD

· Hepatic A and its 2 terminal branches

· Portal vein & its 2 divisions

· Rt receiving cystic V

· Lt

· Autonomic fibers, lymph nodes & vessels & extraperitoneal tissue

Fossa for gall bladder

Impressions of: Rt colic flexure, duodenum (2nd part) & Rt kidney & suprarenal
	Ligamentum teres


	Gastric impression


NB: anteroposterior arrangement inside the liver: hepatic duct, branch of hepatic A, division of portal V.
Factors fixing the liver: mainly by attachment of hepatic veins to IVC
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Blood supply of liver

Blood supply of the liver:

Arterial:

Portal V (Rt & Lt divisions): provide 70% of nutrition and 50% of oxygen.

Hepatic A (Rt & Lt branches): provide 30% of nutrition and 50% of oxygen

Venous: hepatic veins Rt and middle (from Rt lobe) and Lt (from Lt lobe) drain into IVC.

NB: caudate & quadrate lobes receive blood from Lt branches. i.e.: they are anatomically part of Rt lobe but functionally part of Lt.

Lymphatic drainage: Hepatic lymph nodes in porta hepatis → coeliac lymph nodes

Surface anatomy:

Upper border:

· Lt 5th rib at mid clavicular line (= 3.5inches = 9cm)

· Xiphsternal joint

· Rt 5th rib at midclavicular line

· Rt 7th rib at mid axillary line

Rt border:

· 1 finger below costal margin at midaxillary line

Lower border:

· Tip of Rt 9th cc (fundus of gall bladder)

· Hand breadth below xiphoid process (xiphsternal junction)

· Lt 8th costal cartilage

· 1st point 

BILIARY SYSTEM

· The bile is secreted from the liver in 2 (Rt & Lt) hepatic ducts.

· Both unite to form common hepatic duct.

· The hepatic duct meets the cystic duct.

· The cystic duct transmits bile from common hepatic duct to gall bladder for storage and concentration. It then transmits the concentrated bile in reversed direction to the common bile duct.

· The common bile duct is formed by the union of common hepatic duct and cystic duct. It descends to unite with the main pancreatic duct to form hepatopancreatic ampulla which opens in the major duodenal papilla.
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Relations of gall bladder

Gall bladder

· The Gall bladder is a pear shaped sac, which lies in its fossa in the inf surface of the liver. It concentrates & stores bile. It has a duct called cystic duct.

Parts and relations of gall bladder:

Fundus:

Ant: ant abdominal wall.

Post: transverse colon. 

Surface anatomy of the fundus: tip of Rt 9th costal cartilage (meeting of L1 (transpyloric plane) and Rt linea semilunaris).

Body:

Ant and sup: liver.

post: duodenum (1st part).

Neck:

Ant and sup: liver.

Post: duodenum (1st part).

Peritoneal covering: covered by peritoneum except the parts related to liver.

Blood supply:

Arterial: cystic A (from Rt branch of hepatic A) 

Venous: cystic V (ends in the Rt division of portal V)

Lymphatic drainage: lymph nodes in the lesser omentum → coeliac

Nerve supply:

Sympathetic: coeliac plexus along the hepatic A.

Parasympathetic: 2 gastric Ns (vagi) mainly ant gastric

Sensory: Rt phrenic N (C3-5) (reflected pain to RT shoulder)
Cystic duct

· 4cm long 

· Has an S shaped course

· It unites with common hepatic duct to form common bile duct. It transmits bile from common hepatic duct to gall bladder for storage and concentration. It then transmits the concentrated bile in reversed direction to the common bile duct.
· Its mucosal lining forms a spiral valve (which controls the bile direction to and from gall bladder).
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· Relations of common bile duct
Common bile duct

· 10 cm. It is formed by the union of common hepatic duct and cystic duct.

Parts and relations:

Supraduodenal part: within the free border of the lesser omentum.
Post: portal V.

Lt: hepatic A. 

Retroduodenal part: behind 1st part of duodenum.
Ant: 1st part of duodenum.

Post: portal V.

Lt: gastroduodenal A.

Infraduodenal part: grooves the back of head of pancreas.
Ant: head of pancreas. 

Post: IVC.

Intraduodenal (terminal) part: it ends by uniting with the main pancreatic duct to form hepatopancreatic ampulla which opens in the middle of the 2nd part of the duodenum forming major duodenal papilla. The ampulla is guarded by sphincter of Oddi. Sometimes it opens separately.

	Histology of the LIVER


· Liver is a compound tubular gland.
· It has both endocrine &exocrine functions.
· Endocrine function (secretion of plasma protein, lipids& glucose.
· Exocrine function (secretion of bile). 
· Storage of glycogen, lipids & vitamins
· Phagocytosis of micro-organisms & old R.B.Cs.
· Detoxification of drugs & toxic substances
Histological Structure of liver:

· It is formed of I-Stroma    II-Parenchyma

I-Stroma:
1-
Capsule: It is thin, covered with peritoneum& is called Glisson's capsule. It is formed of collagen fibers, fibroblast & blood capillaries.

2-Trabeculae: They are thin & formed of C.T. cells &fibers. They divide the liver into lobes & lobule, lobulation is not clear. The trabeculae are thick in case of animals such as pigs.
3-Reticular network: formed of reticular cells &reticular fibers that form the back ground of the organ & it is only demonstrated by Ag.   

II
-Parenchyma:  

The functional & structural unit of the liver parenchyma is called classic hepatic lobule.

Classic Hepatic Lobule
Shape & Arrangement:
- hexagonal or pentagonal in shape 

- Center is occupied by central vein. 

· lobule is formed of liver cells (HEPATOCYTES)
· Hepatocytes are arranged in cords or plates radiating from the central vein & separated by blood sinusoids.

· Each cord is formed of two or more rows of hepatocytes separated by bilecanaliculi
Hepatocytes:

L.M. picture:
· Large polyhedral cells
· Nucleus central rounded, some cells are binucleated (have two nuclei)
· Nuclei are pale with clear nucleoli.
· Cytoplasm is acidophilic & vacuolated because of the dissolved glycogen.
·  Glycogen can be demonstrated by PAS or Best's Carmine. 

E.M. picture:

I- Cell Membrane:
Each cell has three different surfaces:
A- The surface facing the blood sinusoids has long microvilli
To increase the surface area.

B-
The surface facing the bile canaliculus has short microvilli.

C-
The surface facing the adjacent hepatocytes shows junction complex.

II- Cytoplasm:
1-
Cell Organelles:
A-
Mitochondria: They are numerous up to 1000- 2000/cell to give energy requirements of the cell(highly   active cell)

B-
Free ribosome: They are scattered in the cytoplasm they form intrinsic protein used by the cell.
C-
Rough endoplasmic reticulum: It is well developed, it is responsiblefor synthesis of protein secreted by hepatocytes e.g. Plasma protein & lipoprotein.
D-
Smooth endoplasmic reticulum: is well developed, it is important for synthesis of Glycogen, lipid, cholesterol & detoxification.
E-
Lysosomes:They are important for digestion & removal of waste products.

F-
Golgi apparatus:is also well developed as it is important for the secretion of plasma protein& formation of lysosomes.
2-
Cell Inclusions:as glycogen granules & lipid droplets.
· Blood Sinusoids:

· They are irregular vascular spaces present in between hepatic plates. 
· They are lined by two types of cells fenestrated endothelium & Von- kupffer (macrophage) cells
· Von-kupffer cell: 

· A large phagocytic cell with irregular outline due to presence of pseudopodia.

· Their cytoplasm contains numerous lysosomes.
· Origin: Blood monocyte.
· Stain:They can be demonstrated by vital stain.

· Functions of Von Kupffer Cells:

1- 
Phagocytosis of bacteria & other micro-organisms.

2- 
Removal of any foreign body to avoidobstruction of hepatic blood vessels.

3-
Phagocytosis of old RBCs & storage of iron.
· Space of Disse (perisinusoidal space):
· Definition: It is the space that separates the hepatocytes from the wall of blood sinusoids. 
· Contents:
1-
Microvilli arising from the hepatocytes 
2-
Reticular fibers that act as a support for this space & keep it patent.
3-
Plasma which acts as a medium through which nutrition & waste products are carried.
4-
Ito cells: Fat storing cells that store fat & fat soluble vitamins as vitamin A.
· Portal Canal OR Tract: It consists of condensed C.T. present at the corners of three classic hepatic lobules that contains four structures: 
1- Branch of portal vein. 


2- Branch of hepatic artery.

3-
Bile duct.4- Lymph vessel.
· Portal lobule:
· Atriangular mass of liver cells

· The apices of the triangle are formed by threecentral veins.
· It includes parts from threeadjacent hepatic lobules

· Its center is occupied by portal canal
· The cells of the lobule drain their bile in the bile duct of this central portal canal.

· Liver acinus:

· Diamond shaped mass of liver cells

· It includes parts from two adjacent classic hepatic lobules
· It has a central vascular core formed of branch of hepatic artery & portal vein.
· It is divided into 3 zones.
· Zone I: The nearest part to vascular core has the best blood supply
· Zone II: The intermediate zone of liver acinus.
· Zone III: Peripheral part of liver acinus has the least blood supply, is the most liable partto damage.
The Gall bladder

It is attached to the liver. It stores & concentrates bile. It is formed of:

1-
Mucosa: highly folded, formed of:

a- 
Epithelium: simple columnar epith. with apical microvilli to increase the surface area for absorption. Also, it secretes mucous.

b-
c.t. corium: rich in blood vessels.

2-
Musculosa: irregular smooth muscles.

3-
Serosa:  C.t. covered with simple squamous epithelium.


Biliary passage:
	Name
	Site
	Lining epithelium

	1-Bile canaliculi
	Between rows of hepatocytes
	Cell membrane of hepatocytes

	2-Canal of Hering
	At edge of hepatic lobule
	Simple cubical

	3-Interlobular bile duct
	portal canal
	Simple cubical



	4-Right &left Hepatic duct
	Inside liver: Intrahepatic part

Outside liver: Extrahepatic part
	Simple cubical

          Simple col

	5-Common Hepatic duct
	      Outside liver
	Simple col +CT+ Smoothm.

	6-Cystic duct
	Come out from gall bladder
	S. col +CT +Smooth m.

	7-Common bile duct
	Drain bile into duodenum
	S. col +CT +Smoothm


	Liver and biliary system


	( Liver:
	

	
	· The functional unit of the liver is: Liver lobule: 
	

	
	
	· Is composed of hepatocellular plates radiating from the central vein

	
	
	· Central vein empties into hepatic veins

	
	· In between the cells lie small bile canaliculated that empty into bile ducts that lie in the fibrous septa separating liver lobules
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	( Gall bladder:
	

	
	In normal individual, bile flows into the gall bladder when sphincter of Oddi is closed

	
	· Functions of gall bladder:
	

	
	
	( Storage of bile:
	Until needed in duodenum

	
	
	( Concentration of bile and equalization of pressure:

	
	
	
	· Liver bile: 
	One liter/day while max volume of gall bladder is 20 - 60 ml 

	
	
	
	· Mechanism: 
	· Na+ ions are actively transported while Cl- & HCO3 ions follow passively 

	
	
	
	
	· Water follows passively by osmosis (H2O content is 89 %)

	
	
	
	· Concentration of cholesterol, bile salts, lecithin & bilirubin increases

	
	
	( It prevents marked rise in biliary Pressure:

	
	
	
	Biliary pressure increases to 320 mmHg if cystic duct clamped

	
	
	( Acidification of bile:

	
	
	
	· Mechanism:
	NaHCO3 is reabsorbed, so liver contains 28 mEq/L HCO3 while gall bladder contains 10 mEq/L

	
	
	
	· This mechanism keeps lecithin, cholesterol & bile salts in solution


	
	
	( Secretion of white bile (mucus):

	
	
	
	This prevents irritation of the mucosa by the acidified concentrated bile

	
	
	( Evacuation of gall bladder:

	
	
	
	· Control:
	· Hormonal: CCK

	
	
	
	
	· Nervous: 
	Vagal stimulation directly during cephalic phase and indirectly through vagovagal reflex

	
	
	
	· Vagal stimulation causes a less strong gall bladder contraction and sphincter of Oddi relaxation than CCK


	Liver functions

	
	
	( Vascular functions (For storage & Filtration of blood)

	
	
	
	1- The liver can store:
	· 200 - 400 ml of blood 

	
	
	
	
	· Which can replace the blood lost in hemorrhage

	
	
	
	2- The liver sinusoids are lined by many VonKupffer cells (macrophages) which remove 99% of bacteria in the portal blood

	
	
	( Metabolic functions:
	

	
	
	
	1- Carbohydrate metabolism: 

	
	
	
	
	The liver plays an important role in glucostatic mechanism via:

	
	
	
	
	1. Glycogenesis 

	
	
	
	
	2. Glycogenolysis

	
	
	
	
	3. Gluconeogenesis

	
	
	
	
	4. Conversion of galactose & fructose to glucose

	
	
	
	2- Fat metabolism:

	
	
	
	
	1. Oxidation of fatty acids to supply energy

	
	
	
	
	2. Formation of: 
	· Very low density lipoprotein (VLDL)

	
	
	
	
	
	· Low density lipoprotein (LDL)

	
	
	
	
	
	· High density lipoprotein (HDL)

	
	
	
	
	
	· Cholesterol

	
	
	
	
	
	· Phospholipids

	
	
	
	
	3. Lipogenesis: Conversion of:
	· Carbohydrates to fat

	
	
	
	
	
	· Proteins to fat

	
	
	
	3- Protein metabolism:

	
	
	
	
	1. Deamination of amino acids before transformation to carbohydrate or fat

	
	
	
	
	2. Formation of:
	1] Urea

	
	
	
	
	
	2] Most plasma proteins: As albumin 

	
	
	
	
	
	3] Coagulation factors

	
	
	
	
	3. Synthesis of all non-essential amino acids

	
	
	
	4- Storage of vitamins: Such as vitamin A, D & B12

	
	
	
	5- Storage of iron: Iron combines with apoferritin to form ferritin

	
	
	
	6- Detoxification [or excretion in bile]: 
	

	
	
	
	
	1. Drugs (eg sulfonamides & penicillin) 

	
	
	
	
	2. Hormones (eg thyroxin & steroid hormones)   
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Bilirubin formation and excretion
	
	
	( Secretory & excretory functions (Formation of bile)

	
	
	
	· Volume: 500 - 1500 ml/day
	

	
	
	
	· PH: Alkaline
	

	
	
	
	· Composition:
	(
	Water 97%

	
	
	
	
	(
	Bile salts & bile pigments

	
	
	
	
	(
	Cholesterol ,fatty acids, lecithin and fat

	
	
	
	
	(
	Inorganic salts

	
	
	
	
	(
	Alkaline phosphates

	
	
	
	
	
	NB: All are dissolved in alkaline electrolyte

	
	
	
	· Secretion:
	Bile is secreted by liver cells into bile duct which drains into duodenum

	
	
	
	· Bile pigments (Bilirubin):
	· Is a greenish yellow pigment

	
	
	
	
	
	· Is metabolic end product of hemoglobin

	
	
	
	
	
	· Is excreted mostly in stool 
[gives stool its brown color]

	
	
	
	· Bilirubin metabolism & excretion:

	
	
	
	
	In reticuloendothelial system (RES)

	
	
	
	
	The old red cells are destroyed in: Tissue macrophage system



	
	
	
	
	· Hemoglobin:
	Splits into:

	
	
	
	
	
	1- Globin which is split into amino acids 

	
	
	
	
	
	2- Haem which is split into: 

	
	
	
	
	
	
	1. Iron: Which is reused for hemoglobin synthesis 

	
	
	
	
	
	
	2. Chain of 4 pyrole nuclei (rings): Which transformed to biliverdin (green) which is reduced to bilirubin (yellow), then released to plasma

	
	
	
	
	· In blood:
	· Bilirubin combines with plasma albumin → to form bilirubin albumin which is called hembilirubin or unconjugated or free or indirect bilirubin. It is not filtered in glomeruli of kidney

	
	
	
	
	
	· NO haembilirubin in urine because it is linked to albumin and cannot excreted through renal tubules 

	
	
	
	
	· In liver:
	· Free bilirubin without albumin is uptaken by the liver cells by an active process (active re-uptake) 

	
	
	
	
	
	· Then, bilirubin is bound to cytoplasmic proteins

	
	
	
	
	
	· In smooth endoplasmic reticulum: one bilirubin molecule is conjugated to 2 glucuronic acid molecules in a reaction catalysed by the glucuronyl transferase enzyme forming →cholebilirubin [or conjugated or direct bilirubin] which is more water soluble than the free bilirubin 

	
	
	
	
	
	· Glucuronyl transferase is: 

	
	
	
	
	
	
	· Activated by:
	· Inhibited by: 

	
	
	
	
	
	
	
	1- Barbiturate
	
	1- Chloramphenicol 

	
	
	
	
	
	
	
	2- Anticonvulsant 
	
	2- Pregnandlol

	
	
	
	
	
	
	
	3- Antihistaminic 
	
	

	
	
	
	
	
	· Conjugated bilirubin is then excreted by: An active transport process into the bile canaliculi 

	
	
	
	
	· In the intestine:
	

	
	
	
	
	
	Most of conjugated bilirubin passes via bile duct to intestine. (intestinal mucosa is relatively impermeable to conjugated bilirubin)

	
	
	
	
	
	( 50% of conjugated bilirubin:
	Is reduced by bacterial action to urobilinogen (highly soluble)

	
	
	
	
	
	( The rest of conjugated bilirubin:
	Is deconjugated in intestine and is absorbed into portal circulation then excreted again by the liver (enterohepatic circulation)


	
	Fate of urobilinogen:
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	Most
	
	Some
	
	5%

	
	1- Most of it is changed into sterocobilinogen & oxidized to sterocobilin [which is responsible for brown color of stool] & excreted in stool 
	
	2- Some is absorbed into portal vein [via enterohepatic circulation] to be excreted by liver back into gut  
	
	3- 5% enters systemic circulation & excreted in urine urobilinogen 

NB: Urobilinogen is oxidized in air to urobilin


	NB: Plasma bilirubin is 2 types:
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	( Hembilirubin
	
	
	( Cholebilirubin
	

	
	= [Unconjugated bilirubin]
	
	
	= [Conjugated bilirubin]
	

	
	= [Indirect bilirubin]
	
	
	= [Direct bilirubin]
	

	
	= [Free bilirubin]
	
	
	
	

	
	It is the main form
	
	
	It is low concentration
	

	
	It gives indirect Van den Bergh reaction
	
	
	It gives direct Van den Bergh reaction
	

	
	
	
	
	

	
	
	
	
	

	What is meant by Van den Berg reaction?

	
	· It means adding Erlich reagent to plasma 

	
	· When plasma contains conjugated bilirubin it gives directly pink color

	
	· When plasma contains unconjugated bilirubin, it gives red color after addition of alcohol


	Jaundice (Icterus)

	· Definition: 
	It is yellowish tinge of the skin, mucous membrane & sclera due to hyperbilirubinaemia above 2 mg% (Normally Bilirubin level is up to 0.5 mg%)

	· Causes of hyperbilirubinaemia:

	
	1- Increased free bilirubin is caused by:
	

	
	
	1. Excess production eg hemolytic anemia

	
	
	2. Decreased uptake of bilirubin into hepatic cells

	
	
	3. Disturbed intracellular protein binding or conjugation

	
	2- Increased conjugated bilirubin is caused by:

	
	
	1. Disturbed secretion of conjugated bilirubin into bile canaliculi

	
	
	2. Entrahepatic or extrahepatic duct obstruction

	· Types of Jaundice:
	

	
	( Hemolytic Jaundice
	(Prehepatic = Retention)

	
	
	· Causes:
	Due to excessive hemolysis of RBCs eg:

	
	
	
	[A] Hemolytic anemia as:
	1- Spherocytosis

	
	
	
	
	2- Sickle cell anemia

	
	
	
	
	3- Thalassemia 

	
	
	
	
	4- Erythroblastosis fetails

	
	
	
	
	5- Malaria

	
	
	
	[B] Incompatible blood transfusion 


	
	
	· There is:
	· Increased production of haembllirubin 

	
	
	
	· The liver increased uptake 
[but cannot conjugate bilirubin in equal rate to its formation]

	
	
	
	· Increase formation of conjugated bilirubin 
[most of it excreted] 

	
	
	
	· Increased excretion of:
	1. Sterocobilin (so stool is very dark)

	
	
	
	
	2. Urobilingen (but urine has a normal color)

	
	
	
	· It is called acholuric jaundice

	
	
	
	· Liver functions are normal

	
	( Hepatic Jaundice
	(Hepatocellular)

	
	
	· Causes:
	Liver diseases: Damage of liver cells by:

	
	
	
	1- Viral hepatitis 

	
	
	
	2- Drugs eg tetracycline & chloramphenicol

	
	
	
	3- Chemicals eg chloroform, arsenic & mercury 

	
	
	
	[1] The liver is: 
	Unable to uptake haembllirubin 

	
	
	
	
	[so haembilirubin increases in blood]

	
	
	
	[2] The liver is:
	Unable to excrete cholebilirubin in intestine 

	
	
	
	
	[so, cholebilirubin & bile salts are regurgitated to the blood & excreted in urine]

	
	
	
	[3] Decrease formation of urobilinogen in urine

	
	
	
	[4] Decrease formation of sterocobilinogen in stools

	
	
	· There is impairment of liver functions

	
	
	NB:
	Breast milk jaundice: occur in infants between third and fourth weeks due to inhibition of glucuronyl transferase by pregnandiol present in mother's milk

	
	
	
	

	
	( Cholestatic Jaundice
	(Posthepatic = Regurgitation = Obstructive Jaundice)

	
	
	· Causes:
	Due to obstruction of bile duct:

	
	
	
	1- Intrahepatic: 
	· Hepatitis

	
	
	
	
	· Cirrhosis 

	
	
	
	2- Extrahepatic: 
	· Cancer head of pancreas 

	
	
	
	
	· Bile duct stone 

	
	
	· There is:
	Inability of cholebillrubin (conjugated bilirubin) & bile salts to reach the intestine, so they regurgitate back to the blood either:

	
	
	
	1- Directly: Via the liver sinusoids or

	
	
	
	2- Indirectly: By absorption from bile ducts & lymphatics

	
	
	· There is increase cholebilirubin in blood then they pass in urine

	
	
	· Urine is very dark (due to cholebilirubin): So, it is Coca-Cola or Tea like color

	
	
	· Stool is: 
	· Pale (no sterocobilinogen)

	
	
	
	· Steatorrhea (bulky and greasy)

	
	
	· Blood: There is increased cholesterol and alkaline phosphatase levels

	
	
	· Presence of bile salts in blood lead to: 
	( Pruritis (itching) 

	
	
	
	( Bradycardia


	· Types of Jaundice:
	

	
	
	Hemolytic
	
	
	Obstructive
	
	
	Hepatotoxic

	
	Blood:
	
	
	
	
	
	
	

	
	Bilirubin
	Haem bilirubin
	
	
	Cholebilirubin
	
	
	Both

	
	Van den Berg
	Indirect
	
	
	Direct
	
	
	Biphasic

	
	Bile salts
	Not present
	
	
	Present
	
	
	Present

	
	Urine:
	
	
	
	
	
	
	

	
	Bilirubin
	Absent

(only increase urobilinogen)
	
	
	Cholebilirubin
	
	
	Cholebilirubin

	
	Color
	Normal

(Acholuric Jaundice)
	
	
	Very dark brown (cholebilirubin)
	
	
	Dark brown (cholebilirubin)

	
	Bile salts
	Absent
	
	
	Present
	
	
	Present

	
	Stool:
	
	
	
	
	
	
	

	
	Sterocobilinogen & Sterocobilin: 
	Increase
	
	
	Absent
	
	
	Decrease

	
	Color:
	very dark stool
	
	
	very pale stool
	
	
	pale stool
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Spleen

SPLEEN

Site: Lt hypochondrium.

Relations: 2 ends, 2 borders and 2 surfaces.

Ant (lat) end: wide.

Post (med) end: narrow.

Sup border: sharp and notched (indicating the compound origin of spleen).

Inf border: thick and rounded.

Diaphragmatic surface: smooth, related to diaphragm separating it from Lt lung and pleura and Lt ribs 9-11.

Visceral surface: shows:

Hilum: contains splenic A and V, lymphatics and lymph nodes, autonomic fibers and extraperitoneal tissue.

Gastric impression: between hilum and sup border. Related to greater curvature of stomach.

Renal impression: between hilum and inf border. Related to ant surface of the Lt kidney (superolateral part).

Colic impression: close to ant end. Related to Lt colic flexure.

Pancreatic impression: between hilum and colic impression. Related to tail of pancreas.

Peritoneal coverings: completely covered with peritoneum.

Peritoneal folds:

Gastrosplenic ligament:

· Between spleen & stomach (Lt part of greater curvature)

· Contains Lt gastroepiploic and short gastric vessels.

Lienorenal ligament:

· Between spleen (hilum) & Lt kidney.

· It contains tail of pancreas and splenic vessels.

N.B.: the spleen divides the part of dorsal mesogastrium extending between the stomach and the kidney into the previous 2 ligaments.

Support of the spleen: mainly by phrenicocolic ligament.

Blood supply of spleen:

Arterial: splenic A (of coeliac): it gives 5-7 end As inside the hilum (indicating the compound origin of the spleen).

Venous: splenic V: begins at the hilum, passes behind the body of pancreas, ends behind the neck of pancreas by uniting with sup mesenteric V to form the portal V. It receives tributaries corresponding to splenic A and inf mesenteric V.

Surface anatomy: parallel to 9-11 ribs (its long axis is parallel to 10th rib). The post end is 1.5 inches from the 10th spine, the ant end reaches midaxillary line.

[image: image66.jpg]Hepatic artery

Common bile duct
Right supra-renal

Duodenum 1st part
Right kidney
Hepatic flexure

mesenteric artery.
Inferior vena cava

Right common iiac artery-

Left internal iiac artery

Diaphragm

Left supra-renal

Spleen
Splenic artery

Pancreas
Left colic lexure
Leftkidney
Descending colon

Left quadratus
lumboram

Left testicular vessels|
Left psoas major

Left external iiac
artery.

Leftureter

Attachment of
sigmoid mesocolon





Relations of pancreas

PANCREAS

· It is a mixed gland (endocrine & exocrine) lying horizontally, ant to post abdominal wall.

Parts & relations:
	
	Head
	Neck
	Body
	Tail

	Shape
	Discoid, its lower part shows uncinate process directed to the Lt
	
	Triangular in cross section
	

	Relations
	Ant surface

· Transverse colon & its mesocolon

· Small intestines

· Sup mesenteric vessels (ant to uncinate process)
	Ant surface:

gastroduodenal junction & A

	Ant surface: stomach (separated from it by lesser sac)

ant border: attachment of greater omentum & transverse mesocolon
	· Lies within lienorenal ligament with splenic vessels 

· Related to the spleen

	
	· Post surface:

· CBD (grooves the head)

· IVC (receiving 2 renal Vs)

· RT crus of diaphragm
	Post surface: union of splenic & sup mesenteric Vs to form portal V 

	Post surface: 

· Related to (from Rt to Lt):

· Aorta & sup mesenteric A

· Lt crus of diaphragm

· Lt psoas major

· Lt kidney & suprarenal

· Related to (along its axis):

· Splenic V (receiving inf mesenteric V)

·  Lt renal V
	

	
	Sup, Rt & inf: duodenum + pancreaticoduodenal vessels in between
	
	Sup border: 

· shows tuber omental (related to lesser omentum & coeliac trunk)

· Splenic A

Inf surface:
· Duodenojejunal flexure 

· Lt colic flexure

· small intestine

Inf border
	


Pancreatic ducts: 

1] Main pancreatic duct: 

· Passes through the tail and body of pancreas from Lt to Rt near the post surface. 

· Behind the neck it curves downwards, passes behind the head then leaves the pancreas

· It ends by uniting with the common bile duct to form hepatopancreatic ampulla which opens in the middle of the 2nd part of the duodenum forming major duodenal papilla. The ampulla is guarded by sphincter of Oddi. Sometimes it opens separately.

2] Accessory pancreatic duct: short duct formed in the head, ascends in front of main pancreatic duct (where they communicate) to open at the minor duodenal papilla (1 inch proximal to major duodenal papilla).
Blood supply:

Arterial:

1) Pancreatic branches of splenic A

2) Sup pancreaticoduodenal (of hepatic A)

3) Inf Pancreaticoduodenal (of sup mesenteric A)

Venous: corresponds to the As.

	Histology of the PANCREAS


Definition:mixed gland (exocrine & endocrine), compound tubulo- alveolar, serousgland present in the concavity of the duodenum. Formed of:

I] Stroma:

1.Capsule: formed of CT cells (mainly fibroblasts) &fibers (collagenous & elastic). It is thin, soft & covered with peritoneum.

2. Trabeculae: CT cells (fibroblasts) & fibers (collagenous & elastic) thin, soft, descend from the capsule to divide the gland into indistinct lobes & lobules, carry blood vessels, nerves & the duct system.

3. Reticular CT: formed of reticular cells &fibers, present in the background, stained with Ag.

II] Parenchyma: formed of:    a-Exocrine part     b-Endocrine part

a-Exocrine Part:
1.
Serous acini:

LM:

· Have small diameter & narrow lumen.
· Lined with high pyramidal cells with non-clear cell boundaries.
· Have apical acidophilic cytoplasm rich in zymogen granules & basal basophilic cytoplasm.
· Nucleus is basal, vesicular with clear nucleolus
EM:

· Nucleus is euchromatic with prominent nucleolus.
· The cytoplasm have well developed basalr.ER
· Many mitochondria. 
· Well-developedsupranuclearGolgi apparatus.
· Apical electron dense zymogen granules.
· Lateral cell membranes are joined by junctional complexes.

· Centro- acinose cells:

Flat or cubical cells which appear in the center of the pancreatic acini represent the invaginated part of the inter-calated duct.They only appear if the section is cut in the proper plane.

2.The duct system:

· Intercalated duct: the 1st duct which arise from the acini, long, narrow&invaginate to appear in the center of the acini as centro-acinar cells. Lined with simple squamous or s.cubical epithelium.
· Intralobular duct: absent.
· Inter- lobular duct: in between the lobules, lined with simple cubical epithelium. They collect to form (
· Inter- lobar duct: in between the lobes, lined with simple columnar epithelium. They collect to form (
· The main pancreatic duct: lined with simple columnar, goblet cells &argentaffin cells.

b-Endocrine Part:[Islets of langerhans]

They are non-capsulated pale stained areas supported by reticular CT. Formed of groups of cells separated by fenestrated capillaries.
	P O C
	1.
Beta cells
	2.
Alpha cells

	%
	about 70%
	about 15%

	Diameter
	Small
	Large

	site
	mainly centrally situated
	mainly peripherally situated

	Secretory granules
	Alcohol soluble granules.
	water soluble granules

	EM
	numerous mitochondria, well developed Golgi apparatus, r-ER & electron- dense secretory granules

	Function
	secrete insulin which lowers blood glucose
	secrete glucagon which increases the blood glucose


3. D-cells:

· About 10%
· mainly peripherally situated, 
· Have secretory granules which can be stained with Ag.
· Function: secrete somatostatin (anti-growth hr., anti- insulin & anti- glucagon).

4. C.cells:
Very few in number, have few granules. 
Function: may be stem cells which will give rise to other cells or exhaused (degranulated) cells.

5. E-C cells:secrete serotonin
6. F- cell : (P.-P. cells)

Very few in number, have few granules,
Function: secrete pancreatic polypeptide which reducespancreatic secretion.

7. G- cells:secrete gastrin.
8. Ganglionic cells: stellate sympathetic nervecells responsible for nervous control of the islet secretion.

Differences between Parotid & pancreas

	P O S
	Parotid
	Pancreas

	Number &Type
	Two Salivary, exocrine gland
	One digestive, mixed gland.

	Capsule
	thick rich in fat cells & covered with fascia & skin
	thin, no fat cells covered with peritoneum

	Trabeculae
	Thick, rich in fat cells (clear lobulation
	Thin, no fat cells (indistinct lobulation

	Acini
	· Cytoplasm: basophilic

· Nucleus: central

· Basket cells: present

· Centro-acinar cells: absent
	· apical acidophilic& basal basophilic
· basal

· absent.

· present.

	Ducts 

· Intercalated 

· Intralobular

· Inter lobar duct

· Main duct
	· Not invaginated lined with s.cubical.

· prominent

· pseudo-stratified col.

· stratified col. which change into stratified squamous
	· invaginate, lined with flat cells.

· Absent 

·  Simple columnar. 

· S.col. + goblet + entero- endocrine cells.

	Islets of Langerhans
	Absent
	Present


	Pancreatic secretion

	

	· Volume: 1500 ml/day

	· pH:
	Alkaline (due to high bicarbonate content: 113 meq versus 24 meq in plasma)

	
	Pancreatic, bile & intestinal juices neutralize Hcl raising pH of duodenum to 6-7. So, jejunum contents (i.e. intestinal contents) are neutral & rarely alkaline

	· Composition:
	Water + bicarbonate + enzymes

	
	Pancreatic enzymes: are fully sufficient for complete digestion even in absence of salivary amylase & gastric pepsin

	· Mechanism of secretion of aqueous (bicarbonate) secretion:
	

	
	1) In duct cells:
	CO2 + H2O   carbonic anhydrase    H2CO3 

H  + HCO3

	
	
	HCO3 is actively secreted in the lumen by HCO3 ATPase

	
	2) H+ ions are pumped out to the plasma in exchange with Na+ ions which are pumped into the duct cells

	
	
	Then Na+ ions are then transported by diffusion or active transport  into lumen to provide electrical neutrality

	
	3) H+ entering the blood unites with HCO3 to form carbonic acid which dissociates to CO2 & H2O. Then CO2 diffuses to inside of duct cell & repeat the cycle

	
	3) Na+ & HCO3 creates an osmotic gradient that causes osmosis of water

	
	
	NB: The Acid tide: it is the decrease in pH of pancreatic venous blood caused by H+ actively pumped to blood. It neutralizes the alkaline tide of gastric venous blood
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Secretion of isosmotic sodium bicarbonate solution by the pancreatic ductles and ducts

	· Functions of aqueous secretion:
	1-It washes out the enzymes which are secreted by acini

	
	
	2-It provides a neutral pH for enzymatic activity in the intestine


	Regulation of Pancreatic secretion

	

	Under nervous & hormonal control but hormonal regulation is the main mechanism of regulation

	1- Nervous control:
	During cephalic & Gastric phase: Of gastric secretion: There is stimulation of vagus (unconditioned & Conditioned reflexes) resulting in: Acetylcholine release which acts on the acinar cells to secrete the enzymatic juice

	2- Hormonal control:
	1. Secretin:
	· It is secreted from upper small intestine

	
	
	· Its release is stimulated by: Acid chyme in intestine

	
	
	· It acts on pancreatic duct to stimulate alkaline pancreatic juice which neutralize acid chyme from stomach to provide optimum pH for action of pancreatic enzymes

	
	
	· It is mediated by: cAMP

	
	2. Cholecystokinin “CCK” pancreozymin:

	
	
	· It is secreted from upper small intestine

	
	
	· Its release is stimulated by:
	( Polypeptides

	
	
	
	( Amino acids

	
	
	
	( Fatty acids

	
	
	
	( Bile salt

	
	
	· It acts on pancreatic acini to stimulate pancreatic juice rich in enzymes

	
	
	· It is mediated by: Phospholipase C
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Development of the liver, biliary system & pancreas

Development of the liver and biliary system

· The liver arises as hepatic bud from the ventral convex aspect of the caudal part of the foregut (at the middle of the duodenum).

The hepatic bud divides into:

1) Pars hepatica: divides into 2 branches, the stem of pars hepatica will form the common hepatic duct and the 2 divisions form the right and left hepatic ducts.
· Each duct will divide and proliferate forming the bile canaliculi and hepatocytes of the 2 liver lobes. 

· The ducts invades the ventral mesogastrium (abdominal aspect of septum transversum) which will form the blood sinusoids, connective tissue, capsule and peritoneum of the liver.

2) Pars cystica: develops into gall bladder and cystic duct.

3) The stem of hepatic bud will form the common bile duct..

· The duodenum rotates 90° to the right, while the hepatic bud further migrates to its concave aspect (hence the hepatopancreatic ampulla opens into the concavity of the duodenum).

· The liver is larger in newborns (1/20 of body weight) due to its hemopoietic function at fetal period. In adults the liver is 1/50 of body weight.

Congenital anomalies:

· Atresia of bile ducts: due to defective canalization. 

· Double gall bladder: due to division of pars cystica.

Development of pancreas

The pancreas develops from:

1) Ventral pancreatic bud: originates from foregut in common with hepatic bud and migrates with it. It forms the lower part of the head of the pancreas (including the uncinate process).

2) Dorsal pancreatic bud: originates from dorsal concave aspect of duodenum. It follows its rotation. It forms the whole neck, body, tail and the upper part of the head of pancreas. 

· Due to the migration of ventral pancreatic bud it unites with the dorsal pancreatic bud.

· The endodermal cells of both buds form the glandular acini, ducts and islets of Langerhans, while the surrounding mesoderm forms the vessels and connective tissue.

3) The main pancreatic duct is formed by most of the duct of the dorsal pancreatic bud and the whole duct of the ventral pancreatic bud.
4) The accessory pancreatic duct is formed of the part of the duct of dorsal pancreatic bud in the upper part of the head of pancreas.

· As the hepatic bud and ventral pancreatic bud have a common origin from the foregut, their union (hepatopancreatic ampulla) opens in common in the duodenum.

Congenital anomalies:

· Annular pancreas: the pancreas forms a ring around the duodenum. It is due to abnormal migration of the ventral pancreatic bud.

· Variations of pancreatic ducts: due to different anastomosis between the ducts of the 2 pancreatic buds.

· Cystic fibrosis of pancreas: due to obliteration of pancreatic ducts.

Spleen

· It develops as multiple masses of mesoderm which unite inside the dorsal mesogastrium.

· Due to its compound origin, it is lobulated at first. Later, the lobules unite (hence the splenic notches).

· The spleen divides part of dorsal mesogastrium into gastrosplenic and lienorenal ligaments.

ILOs


Upon successful completion of this course student will be able to: 


Know the different parts of oral cavity &their histological structure.


Know the different types of salivary glands &their histological structure.


Describe the mechanism of deglutition and function and mechanism of secretion of saliva (physiology) 


Describe the anterior abdominal wall (anatomy)


Describe the gross anatomical structure and relations of the stomach, small and large intestines and clinical conditions related to them (anatomy)


Describe the structure of the gastrointestinal tube (Histology).


Illustrate histological changes at gastro-esophageal, pyloro-duodenal &recto-anal junctions.


Describe the mechanism of formation of the gastric juice (physiology)


Discuss the function of the small and large intestine (physiology)


Describe the different parts of pancreas & its histological structure.


Discuss the pancreatic bicarbonate secretion (physiology)


Describe the different parts of liver, gall bladder & biliary passages &their histological structure.


Describe the mechanism of formation of bile and its metabolism and clinical condition related to it (jaundice) (physiology)
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