W- Gastro Intestinal System

GASTRO INTESTINAL SYSTEM

DIGESTIVE SYSTEM

· Includes…mouth to anus + accessory organs and structures.

· Teeth

· Tongue

· Salivary glands

· Pancreas

· Liver

· Gallbladder
BASIC PROCESSES
· Ingestion

· Secretion

· Mixing and propulsion

· Digestion- chemical and mechanical

· Breaking down large food molecules ( smaller

· Absorption

· Passage of smaller molecules ( blood / lymph

· Defecation

ANATOMY OF ANTERIOR ABDOMINAL WALL

SUPERFICIAL ( DEEP

· 1. External Oblique

· 2. Internal Oblique

· 3. Transverse Abdominis

· 4. Rectus Abdominis
1-3 form the Rectus Sheath which enclose 4. The sheaths meet at the midline to form the Linea Alba.

PERITONEAL LAYERS (in order that can be seen first on dissection)
· …Fold back abdominal Wall
Greater omentum: 4 layers- from stomach and duodenum to trans Colon
· …Lift up Liver
Lesser omentum: 2 layers- from stomach and duodenum to liver
· ...Lift our Greater Omentum.

Transverse / Sigmoid Mesocolon: From transverse / sigmoid colon to parietal peritoneum.
· …Retract intestines to one side.
Mesentery: Between most of small intestine. On posterior abdominal wall.
(Falciform ligament: Liver to inferior abdominal wall and diaphragm)
FROM MOUTH TO ANUS…

· Vestibule

· Non cornified stratified sqaumous epithelium
· Area anterior to teeth
SALIVARY GLANDS
· Enervation - autonomic

· Facial- VII

· Glossopharyngeal- IX

· Inhibited by sympathetic

· Nervous anxiety ( dry mouth

· The functional unit of a salivary gland is called a salivon

· Consists of an acinus and a duct.

· Acini contain serous or mucous cells

· Function: To ( bacteria and protect demineralisation of tooth enamel

· All glands secrete:

· Lysosomes

· IgA

· Overall alkaline fluid

· Parotid glands

· Largest

· Side of face

· Duct enters mouth opposite 2nd molar teeth

· Mainly serous cells ( watery
· ( Amylase

· Sublingual glands

· Smallest

· Medial to Submandibular gland

· Mainly mucoid cells ( mucous
· ( amylase

· SubMandibular glands (M =  medium)
· Medium

· Medial to body of mandible

· Duct enters mouth at side of tongue base

· Both serous & mucoid cells ( mucous/watery
· Moderate amylase

TONGUE

· Structure & Position
· Non cornified stratified sqaumous epithelium

· Attached to hyoid bone and mandible

· Frenulum runs inferiorly anteriorly

· Papillae around lateral and posterior edges have taste buds.

· Each bud sensitive to particular modality

· Sweet

· Sour

· Salt

· Bitter

· Umami (mono sodium glutamate)

· Cold

· Heat

· Pain
· Tongue comprises four pairs of intrinsic muscles

· Superior and inferior longitudinal

· Transverse and vertical muscles.

· The extrinsic muscles of the tongue are called

· Genioglossus

· Hypoglossus

· Styloglossus
· Palatoglossus.

· Enervation
· Sensory

· Glossopharyngeal- IX

· Facial- VII

· Motor

· Hypoglossal – XII

· Function
· Speech

· Movement of food

· Taste

· Secretion of Lingual Lipase

OTHERS ON THE WAY…

· PALATOGLOSSAL ARCH: extend to side of tongue
· FAUCES: either side of uvula
· PALATINE tonsils: 

· PALATOPHARYGEAL ARCH: extends to side of pharynx
OROPHARYNX (Nasopharynx in respiratory section)

· Structure & Position
· Non cornified stratified sqaumous epithelium

· Soft palate may be drawn up, closing the two.b

· Surrounded by three straps of muscle

· Superior, middle, inferior constrictors

· Inferior is continuous with oesophagus.

· Enervation
· Glossopharyngeal- IX

· Vagus- X

· Swallowing

· Motor by

· Glossopharyngeal- IX

· Trigeminal- V

SWALLOWING MECHANISM

ORAL PHASE- Tongue

(
Bolus posteriorly It The the 
(
PHARYNGEAL PHASE- Initiates reflex stilmulating deglutination centre in medulla and lower pons moving ( of soft palate, uvula, larynx
(
Sealing of nasopharynx inhibiting respiration

(
OESOPHAGEAL PHASE- Superior and middle constrictors force bolus down into laryngopharnx and glottis (space b/t vocal cords) closes

(
Epiglottis (Cartilage at root of tongue covering larynx during swallowing) forced inferioro-posteriorly forming a chute over larynx

(
Bolus into upper oesophageal sphincter which relaxes and so opens

OESOPHAGUS
· Structure & Position
· 25cm

· Enters the abdomen through the diaphragm at the level of T10 (check not T2????)
· Non cornified stratified sqaumous epithelium

· Changes abruptly to non-stratified columnar epithelium at gastro oesophageal junction- Z line

· Muscle

· Upper 1/3 Striated muscle

· Middle 1/3 Both

· Lower 1/3 Smooth muscle

· Similar to rest of gut.

· Lower part remains in tonic contraction

· Forms part of Lower oesophageal sphinchter

· Oesophageal Wall

· Mucosa

· Muscularis mucosa

· Submucosa

· Circular muscle layer

· Longitudinal muscle layer

· Serosa / adventitia

· Innervated by Vagus

· Directly

· Via Myenteric nerve plexus

· In b/w long and circ layers

· Via Submucosal plexus

· Blood Supply

· Drained by sub mucosal venous plexus ( systemic venous circulation.

· Plexus anastamoses with veins in stomache that drain ( hepatic portal system

· In portal hypertension, collateral veins divert blood to oesophageal veins => enlarge ( varices.

STOMACH

· Mixes food and digestive juices ( chyme

· Structure & Position

· Cardia

· Fundus- superior and to left of Cardia

· Body / Corpus

· Antrum (less rugae from here on)

· Pyloric canal

· Pyloric sphincter
· Gastric Wall

· Mucosa

· Columnar gastric epithelium- with pits & glands

· Lamina propria

· Muscularis mucosa

· Submucosa

· Oblique muscle layer

· Circular muscle layer

· Longitudinal muscle layer

· Serosa / adventitia

· Blood Supply

· To- Coeliac A

· From- Hepatic Portal V (coeliac vein as well???)
· Enervation

· Rhthmic activity produced Gastric Slow Wave- peristaltic waves, 2-3 /min

· Originating in pacemaker zone on greater cuvature

· A low frequency wave of electrical depolarisation and repolarisation travelling distally.

· Parasympathetic- Vagus - X

· Sympathetic- Splanchnic nerves

· Gastric Glands

· 2-3 connected to each pit via narrow isthmus connected to neck of each gland.

· Parietal Cells have Canicular system:
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· When the stomach secretes acid, circulating HCO3- levels rise (ALKALI TIDE)

The AMA but you 
	
	
	SOURCE
	HORMONE / SUBSTANCE
	FUNCTION

	STOMACH- GASTRIC…
	GLAND
	CHIEF CELLS (bottom of Gastric Gland), mainly in stomach body
	PEPSINOGEN (inactive pepsin)
	· Pepsin hydrolysis peptide bonds ( liberating polypeptides and a few amino acids.

	
	
	PARIETAL CELLS (aka Oxynitic)(middle of gastric gland), throughout stomach
	HCl


	· Activates pepsinogen

· Helps breakdown of connective tissue and muscle.

· Kills microorganisms

	
	
	
	INTRINSIC FACTOR & GASTROFERRIN 
	· Bind to vit B12 in stomach allowing terminal ileum absorption

	
	
	MUCOUS NECK CELLS (top of gastric gland), at opening of gastric glands
	MUCOUS
	· Protection of mucosal lining from erosion and acid

	
	PIT
	G CELLS, in response to food in stomach (stretch receptors). Mainly in stomach antrum
	GASTRIN
	· ( Gastric acid production

· ( Growth factors for GI mucosa
· ( Gastric motility

	DUODENUM
	DUODENAL ENDOTHELIUM
	DUODENAL D CELL and pancreas
	SOMATOSTATIN
	· ( Secretion by most entero endocrine cells

· ( Splanchic blood flow

· ( Insulin formation

· ( Glucagons formation

· ( absorbtion

	
	
	DUODENAL K CELL
	GIP – Gastric Inhibitory Polypeptide
	· ( Gastrin release

· ( Gastric acid release

· ( Insulin release

	
	
	DUODENAL I CELL in Duodenum and Jejunum in response to fat digestion products.
	CCK
	· ( GB contraction

· ( Relaxation of Sphincter of Oddi

· ( Pancreatic secretion

· Regulates Pancreatic Growth

· ( Gastric emptying

· ( Gastic Acid Secretion

· ( Signal of satiety to brain

	
	
	DUODENAL S CELL, in response to acid.
	SECRETIN
	· ( Pancreatic secretion

· ( Acid production

· ( Motility

	
	
	DUODENAL N CELL
	NEUROTENSIN
	· 

	
	CRYPTS OF L
	GOBLET CELLS in Crypts of Lieberkhun
	MUCIN
	· Protection of mucosal lining from erosion and acid

	
	
	PANETH CELLS in Crypts of Lieberkhun base


	LYSOSOME
	· Role against bacteria

	
	
	
	PHOSTPHOLIPASE A2
	· ????????

	
	
	
	DEFENSINS
	· ?????

	
	
	BRUNNERS GLANDS, sub mucosal, duodenal.
	MUCOUS- alkaline
	· Protection of mucosal lining from erosion and acid

	
	SM
	ENTERO CHROMAFFIN LIKE CELLS (ECL) in proximal small intestine or pancreatic islets
	MOTILLIN
	· ( Migrating motor complex

	
	
	
	HISTAMINE
	· ????????

	ILEUM
	
	Ileum in response to luminal food.
	ENTEROGLUCAGON
	· ( Intestinal cell proliferation

· Trophic to small intestine

	
	
	Ileum, Proximal colon
	PEPTIDE YY
	· ( Peristalsis in response to food in ileum and colon

	SMALL
	
	Small intestine, adipocytes
	LEPTIN
	· ( Satiety centrally

· ( Energy expenditure

	LARGE
	
	ENTERO CHROMAFFIN LIKE CELLS (ECL)
	
	· 

	
	
	GOBLET CELLS
	MUCIN
	· Protection of mucosal lining from erosion

	ALL
	
	???????
	GHRELIN
	· ( Satiety

· Maintains long term control of eating and body mass

	
	
	NERVE ENDINGS throughout intestine
	VASOACTIVE INTESTINAL POLYPEDTIDE- VIP
	· ( Secretion of fluid and chloride by entercytes

· ( Secretion of biocarbonate from pancreatic duct cells

· ( Secretion of gastrin

· Regulates blood flow


HELP EAT PIES VERY POORLY: starting from duodenum and swapping at caecum.

	
	SMALL INTESTINE
	
	LARGE INTESTINE

	
	DUODENUM
	JEJUNUM
	ILIEUM
	GALLBLADDER
	CAECUM
	COLON
	RECTUM

	Absorption of
	Fe Ca
	Folic Acid
	Vit B12
	
	
	
	

	Length
	30cm
	2.5 M
	3.5 M
	
	
	1.8 M
	12 cm
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	Shallow
	Deep
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	Deep
	((
	?
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	(
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(
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(( in IBD)
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	Goblet Cells
	(
	(
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	Villi
	(
	(
Long lead
	(
Short round
	(
	(
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	Peyers Patches (Lymphoid)
	?
	(
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(
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	Plicae Circularae
	(
	(
(
	(
(
	NA
	(
	(
	(

	Epiploic Appedages (Fat)
	(
	(
	(
	NA
	(
	(
	(

	Haustrae
	(
	(
	(
	NA
	(
	(
	(
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DUODENUM 

· Structure & Position

· 30cm

· C shaped with curve on right

· Mainly retroperitoneal

· Split into 4 parts

· 1st Part= BULB / Superior

· ( Lumen diameter than rest

· 2nd Part = Descending

· Connected to ampulla of Vater and receives bile and pancreatic juice.

· 3rd Part = Transverse

· 4th Part = Ascending

· Duodenal Wall

· Mucosa

· Columnar gastric epithelium- with pits & glands

· Lamina propria

· Thrown up into villi (& microvilli) each supplied by:

· Arteriole

· Venule

· Lacteal lymphatic channel

· Indented to form crypts of Lieverkuhn
· Muscularis mucosa

· Thrown up into transverse folds- Plicae Circulare
· Submucosa
· Containing Brunner’s Glands

· Secrete alkaline to buffer stomach acid

· mucous for protection and lubrictions
· Circular muscle layer

· Longitudinal muscle layer

· Serosa / adventitia

· Stem cells located in crypts just above Paneth cell zone and can replenish entire epithelium.

· Enterocytes make up most of intestinal lining- columnar

· Iron and Calcium are preferentially absorbed in the duodenum.

JEJUNUM & ILEUM
· Structure & Position
· Jejunum is 3.5m
· Ileum is 2.5m

· At end is ileocecal valve- does not work though.

· Both attached to posterior abdominal wall by long mesentery allowing free movement.

· Microscopic structure similar to Duodenum, except NO BRUNNER’S GLANDS.

· Jejunal villi are long and leaf shaped, Ileal are shorted rounder and blunted.
· Jejunal crypts are deeper and contain fewer Paneth cells.

· PLICAE CIRCULARAE present most prominently in Jejunum- submucosal folds
· Size of lumen gradually ( distally.

· PEYER’S PATCHES (lymphoid tissue containing B & T lymphocytes and APCs) most prominent in distal ileum
· Blood Supply & Lymphatics

· TO- Superior mesenteric A

· FROM- Superior mesenteric V ( Portal Vein

· Lymph drains into thoracic duct via mesenteric lymph nodes.

· Function
· Completion of digestive processes initiated by pancreatic enzymes

· Disaccharidases

· Peptidases

· Absorption of Folic Acid by jejunum

· Digestion of vit B12 by ileum

· Bile salts

· absorbed proximally

· reabsorbed distally in terminal ileum ( liver

· More lymphoid tissue in distal ileum than proximal intestine due to ( bacterial load. Terminal ileum is also prone to

· Crohn’s disease

· Intestinal TB

· Yersinia infection

CAECUM & APPENDIX
· Structure & Position
· Ileocaecal valve marks upper border of caecum.

· Appendix lies in distal portion of caecum and is connected with slit like opening

· If obstructed, a faecalith is the name for a block.

· Caecal wall is relatively thin

· Taeniae coli ends at the apex of caecum forming triadiate fold which can be seen during colonoscopy

· Microscopic structure

· Similar to colon

· No villi

· Deep crypts

· Epithelial cells mainly goblet with scattered Paneth cells.

· Blood Supply Lymphatics

· TO- Superior Mesenteric A

· FROM- Superior Mesenteric V ( Portal Vein

· Lymph drains into thoracic duct via mesenteric lymph nodes.

· Function
· No particular function in humans

· In other species, contained commensal bacteria which metabolise plant carbohydrates.

· Lymphoid tissue may contribute to immune regulation.

· UC is ( in those who have had appenicectomy.

COLON
· Structure & Position
· 1.5m

· Divided into 4

· Ascending

· Right colic (hepatic flexure)

· Transverse

· Left colic (splenic flexure)

· Descending

· Sigmoid

· Fixed at both ends

· In b/w it curves on pelvic brim, suspended on a length of mesentery.

· Colon Wall

· Mucosa

· Simple columnar epithelium (conoloncytes)

· Numerous crypts- stem cells residing at bases.

· LACKS VILLAE

· PANETH CELLS are few in number (ascending colon) but ( if IBD

· GOBLET CELLS produce copious amounts of mucus, protecting epithelium from trauma and bacterial invasion.

· Lamina propria containing:

· Fibroblasts, lymphocytes, leukocytes, enterochromaffin cells, nerve cell processes, blood vessels, but LACKS LYMPHATIC VESSESLS => lymphatic invasion occurs late in Colon C

· Muscularis mucosa

· Submucosa
· Circular muscle layer

· Longitudinal muscle layer- taenia

· 3 bands

· constant tonic contraction, shortening colon and producing saccular bulges- HAUSTRAE

Serosa / adventitia

· Blood Supply

· Penetrates circular muscle layer, creating a gap/ weakness allowing for herniation / diverticulae.

· TO- Superior mesenteric A

· Ascending and proximal transverse

· TO- Inferior mesenteric A

· Remainder

· FROM- Superior & Inferior mesenteric V ( Portal Vein

· Function
· Reabsorb water form liquid intestinal contents.

RECTUM & ANUS
· Structure & Position
· Rectum is 12cm long

· Retroperitoneal, except proximally and anteriorly

· Behind prostate and seminal vesicles

· Behind pouch of Douglas, uterus and vagina

· Wall is similar to colon

· Except longitudinal muscle is continuous

· Mucosa

· Three semi lunar transverse folds

· Aka Valves of Houston

· Separate flatus from faeces and prevent them from entering distal rectum spontaneously.

· Distally forms longitudinal ridges

· Aka rectal columns

· Terminate in small folds termed anal valves

· Line distal to anal valves is called dentate line

· Sqaumocolumnar junction b/w rectal and anal mucosa

· Haemorrhoidal cushion

· 3 cushions of loose connective tissue

· arranged circumferentially above dentate line.

· Contain venous plexus (haemorroidal plexus) and contribute to anal sphinchter function.

· Epithelium

· Non cornified stratified sqaumous

· Blood Supply

· Enervation
· From sacral segments of spinal cord (autonomic and somatic)

· Internal sphincter

· Parasympathetic

· External sphincter

· Sacral motor neurons

· Anus

· Somatic sensory nerve endings, like skin

· Function

· Resevoir for faeces

· Is wider than rest of large intesting and can be further distended

· Defecation:

Initiated by distension of rectum

(
( Pressure

(
Stimulates intrinsic nerves to ( peristalsis proximally in sigmoid colon and to relax internal anal sphincter. Parasympathetic nerves from sacral plexus amplify this neural reflex.

(
If External sphincter which is under voluntary control relaxes whilst internal sphincter is relaxed, defecation commences.

(
Puborectalis, levator ani relax to allow ano-rectal angle to straighten and abdominal muscles contract to ( intra abdominal pressure.

· If the external sphincter does not relax, the urge to defecate normally passes.

PANCREAS
· Exocrine- 99%

· Acini secrete digestive enzymes (produced as proenzymes to prevent auto digestion)

· Trypsinogen (activated by enterokinase ( trypsin)

· Protein (
· Chymotrypsinogen

· Procarboxypeptidases A & B

· Pro elastase

· Phopholipase A

· Pancreatic lipase (& colipase)

· Triglyceride (
· Pancreatic Amylase

· Carbohydrate (
· Ribonucleases

· Deoxyribonucleases

· Secretion stimulated by hormones, esp

· Cholecystokinin

· Enhanced by secretin

· Also secretion of 2L / day of biocarbonate rich alkaline to provide optimum pH for enzymes.

· Cystic Fibrosis Transmembrane Regulator (CFTR) switches Cl- for HCO3-.

· Endocrine- 1%

· Islets made up of

· a cells secreting insulin

· b cells secreting glucagon

· d cells synthesise somatostatin

LIVER
· Structure & Position
· Liver parenchyma is enclosed in tough fibrous capsule (Glisson’s capsule), mostly covered by peritoneum

· Apart from bare area under dom of diaphragm.

· Microscopically may be viewed in one of two ways

· Lobular Model

· Hepatic venule at centre, with portal vein branches at 3 corners of 6 sided lobule

· Acinar model

· Portal vein and hepatic artery branches and bile ductules are at centre as PORTAL TRIAD, with zones 1,2,3 defined by distance form centre.

· Walls of adjacent hepatocytes – bile canaliculi

· Specialised epithelial cells line small bile ductules, larger ducts and GB

· Hepatic STELLATE CELLS, aka Ito / Fat cells, contain prominent droplets of fat and retinoic acid (vit A derivative)

· Located deep inside sinusoidal endothelium

· Function by elaborating connective tissue matrix of liver and respond to injury by causing fibrosis.

· Endothelial cells lining sinusoids are discontinuous and contain fenestrae.

· Within sinusoids, resident Kupffer cells, lymphocytes and dendritic cells play an immunological part.

· Blood Supply

· To - Coeliac Trunk ( Hepatic A

· To - Spl, Pancreas, Intestine ( Hepatic Portal V (75%)

· From- Hepatic V

· FUNCTION
· Pneumonic: ABCDE PV LIPS
	Amino acids
	· See Metabolism

	Bile salts
	· Synthesis

	Carbohydrates
	· Low glucose: Glycogen ( Glucose

· Low glucose: Amino / Lactic Acid ( Glucose

· High glucose: Glucose ( Glycogen

· High glucose: Glucose ( Triglycerides

	Drugs
	· May chemically alter and excrete drugs.

	Excretion
	· Of Drugs and bile and other endogenous waste products.

	Proteins
	· Clotting
· Hormones

· Albumin

	Vitamin D
	· Synthesise the active part (with skin, kidneys)

	Lipids
	· See Metabolism

	Inflammatory Proteins
	· For Acute phase response

	Phagocytosis
	· Reticuloendothelial cells (Kupffer) engulf red / white blood cells and certain bacteria.

	Storage
	· Glycogen,

· Fats

· Vitamins ADEK + B12
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· HEPATIC PORTAL SYSTEM

· Structure

· Hepatic Portal Vein made up of:
· Splenic Vein

· Stomach

· Pancreas

· spleen

· Superior Mesenteric Vein

· Small intestine

· Large intestine- most

· Inferior Mesenteric Vein

· Large intestine- rest

· Portal Venous blood flows from sinusoids ( terminal hepatic venules ( hepatic veins ( Vena Cava

· The oesophagus and rectum do not drain into portal system.

· If portal flow is obstructed, collaterals develop in these areas, joining portal and systemic circulations ( portosystemic shunting

· ( Flow ( collateral veins enlarge ( varices ( bleeding.

· Function

· First Pass Metabolism

· Efficient metabolism of ingested substances

· Drug or hormone metabolism occurs via biotransformation in three stages:

· Phase I: oxidation

· Phase II: conjugation

· Phase III: elimination

· Antimicrobial clearance by Kupffre cells.

GALLBLADDER AND BILIARY SYSTEM
· Structure & Position
· BILIARY TREE:

· Fibrinomuscular wall

· Fundus opposite 9th Costal Cartilage

· GB neck ( Cystic duct

· Ampulla of Vater is kept closed by sphincher of Oddi

· Biliary epithelium lining major ducts

· Columnar or cuboidal

· Can secrete Cl- and H20

· In GB, same cells absorb water to concentrate bile.

· Biliary Caniculus

· Primary site of bile production

· Channel formed from apposed surfaces of adjacent HEPATOCYTES

· Function of Bile

· Promotes digestion and absorption of fats and fat soluble vitamins 

· By emulsifying them allowing greater access to digestive enzymes

· Alkalinity help this

· Alkaline pH also optimal for pancreatic lipases.

· Bile acids, cholesterol and phosholipids form mixed micelles, into which digested fatty acids and other lipids are incorporated

· 600ml /day produced

· Constituents of thick, mucoid, alkaline bile:

· Primary bile acids- cholic & chenodeoxycholic

· Secondary bile acids- deoxycholic & lithocholic

· Phospholipids

· Cholesterol

· Lecithin help solublise it

· Bilirubin
· The principle bile pigment formed from RBCs broken down in spleen
· Plasma bilirubin is insoluble so when reaches hepatocytes 80% is conjugated with glucuronic acid to give a soluble form. 
· The conjugated bilirubin then enters the bile.
· Conjugated drugs and endogenous waste products

· Electrolytes- Na, Cl, HCO3, trace metals eg. Copper.

· Secretory dimeric Iga (sIgA) and other antibacterial proteins

· Mucin glycoproteins

· Transporters
· Facilitate uptake of substances such as bilirubin and bile salts:

· OAT- Organic Acid Transport Protein

· Secrete compounds from hepatocyte into bile:

· BAT- Bile Acid Transporter

· MOAT- Multispecific Organis Acid Transporter

· Entero hepatic circulation:

· Primary bile acids are synthesised in liver from cholesterol and 95% of secreted bile acids are reabsorbed in terminal ileum ( carried into portal venous circulation

· Secondary bile acids, which have been metabolised by bacteria in the intestine, are taken up by hepatocytes and resecreted into the bile. 

· This circulation returns about 94 % of bile salts that enter the small intestine to the liver.

ENTERIC MOTILITY

· REGULATION

· NO is main mediator for relaxation
· Ach and other neurotransmitters mediate contraction.
· Serotonin (5HT)
· From entero-endocrine cells
· Critical regulator of intestinal motility through its effects on enteric neurons.
· TONIC CONTRACTIONS

· Sustained low pressure contractions

· Involved in storage e.g.

· GB

· Rectum

· High-pressure tonic activity characterises sphincters.

· PHASIC CONTRACTIONS

· PERISTALSIS

· Wave of muscular relaxation, followed by wave of contraction passes down intestine, proximally ( distally.

· Most prominent in oesophagus, stomach, small intestine

· Vomiting reverses direction of contractions.

· GASTRIC CHURNING

· Result of tonic contraction of pylorus and vigorous peristalsis of stomach, repeatedly squeezing and mixing food.

· SEGMENTING MOVEMENTS

· Randomly spaced, non propagating circular muscle contractions that mix intestinal contents.

· COLONIC MASS MOVEMENT

· Powerful sweeping contraction occurring a few times / day, forcing faeces ( rectum and stimulating defecation.

· INTERDIGESTIVE MIGRATING MOTOR COMPLEX (IMMC)

· Comprises 3 stages each lasting an hour, occurring b/w meals:

· STAGE 1:

· Movement is absent

· STAGE 2:

· Comprising of random segmenting movements

· STAGE 3:

· Forceful wave of contraction migrating from lower oesophagus to terminal ileum, cleaning the intestine of debris- the INTESTINAL HOUSEKEEPER.

NERVOUS CONTROL

EXTRINSIC, MOTOR (EFFERENT) NERVES

· VOLUNTARY NERVES…control the

· Lips

· Tongue

· Muscles of matication

· Pelvic floor

· External anal sphincter
· AUTONOMIC NERVES

· SYMPATHETIC…
· …Innervation of GI system- Originating in Cervical sympathetic Chain travelling to ( Spanchnic Nerves
· PARASYMPATHETIC…
· …innervation is provided via
· glossopharyngeal (IX)
· Vagus (X)
· To foregut and midgut structures.
· Salivary gland also receives Facial Nerve (VII) innervation.
· Sacral Parasympathetic plexus provides innervation distal to the hepatic flexure of colon.
· EXTRINSIC, MOTOR (EFFERENT) NERVES

· Touch, pain and temp receptors are similar to those in skin for the mouth, tongue and anua.
· Sensory nerves for rest of GI tract are Autonomic.
· Most vagal fibres are afferent.
· Density is much ( than that of skin.
· Visceral afferents send signals to hypothalamus where pain is processed
· Also to centres of
· Swallowing
· Vomiting
· Blood pressure
· Heart rate
FUNCTION

· Sympathetic Nerves( In intestinal motility and secretion

· Noradrenalin (NA)

· Dopamine (DA)

· Neuropeptide Y (PY)

· Parasympathetic Nerves ( In intestinal motility and secretion

· Acetylcholine (ACh)

· Cholecystokinin (CCK)

· Visceral sensation is less precise than somatic sensation due to:

· Low density of sensory nerves

· Non specific naked nerve endings rather than specialised receptors

· Unmyelinated so slow conducting afferent fibres

· Referred pain illustrated by appendicitis

· Early symptoms

· Periumbilical abdominal pain, anorexia, nausea

· Mediated by nerves serving entire mid gut

· Later Symptoms

· As inflammation progresses and peritonerum is involved, somatic nerves innervating perioneum are stimulated

· Pain is localised to RIF overlying the inflamed organ

· Finally

· Muscles overlying the region become tense( guarding

· Mediated by motor nerves to voluntary muscle.

DIGESTION & ABSORPTION

MOTILITY

· Peristalsisis, churning, segmentation, MMC

· Sphincters keeping things in correct compartments

MECHANICAL DISRUPTION

· Teeth grind

· Saliva moistens and lubricates

· Particle sizes ( further in stomach

· Churning ( chyme

SOLUBILISATION

· Dissolving in aqueous solution

EMULSIFICATION AND MICELLE FORMATION

· Amphiphillic bile salts, phospholipids, and cholesterol form micelles

· Microscopic particles with hydrophoebic core and hydrophilic parts on outside

ACIDIFICATION AND ALKALISATION

· Optimum digestion by the

· Stomach requires HCl

· Pancreatic enzymes requires an alkaline environment

· HCO3

· Bile

· Pancreatic juice

ENZYMES

· Salivary amylase

· Pepsin

· Pancreatic / Small intestinal enzymes

· Proteinases

· Amylases

· Lipases

· Nucleases

· Some secreted as proenzymes

· pepsinogen

· trypsinogen

· Enterocyte brush border enzymes

· Disacharidases

· Peptidases

· Within enterocytes

· Enzymes continue digestive process

· Fatty acids reconstituted ( triglycerides and assembled ( chylomicrons, before export at the basolateral membrane and transport to the circulation via lymphatic vessels.

SPECIAL FACTORS

· Intrinsic Factor is a glycoprotein produced by stomach, which binds to vit B12, protecting it from breakdown in proximal intestine.

· In terminal ileum vit B12 is released and reabsorbed.

SURFACE AREA

· Small intestine = main absorbative area

· Plicae circularae- transverse folds -( surface area 3x

· Villi- -( surface area 10x

· Microvilli- -( surface area 20x

· TOTAL = 600x

· Oral mucosa

· Stomach

SPECIALISED ABSORPTIVE SURFACES

· Sections of the intestine are specialised for absorbing certain substances

· Jejunum

· Folic acid

· Terminal Ileum

· Vit B12

· Bile acids

· Enterocytes can regulate extent of absorbtion

· Iron transport is ( when body stores are sufficient.

DIGESTION OF CARBOHYDRATES, PROTEINS AND FATS

	CARBOHYDRATES

	Ingested as
	Polysaccharides- starches, sugars

· Sucrose = glucose + fructose

· Lactose= glucose + galactose

	Digested by
	Amylases

· Salivary- little amount

· Pancreatic



	Producing
	Monosacharides

	Products transported through apical membrane of enterocyte into cytoplasm by:
	Sodium/Glucose Co Transporters

Na/K pump (3Na out, 2K in)

Maintaining small –ve potential within cell. 

Electrogenic and Osmotic Na gradient allows transportation inwards using Na-coupled transporters
· Monosacharides

· Amino acids

· Bile salts

Co transport of monosacs is used in oral rehydration solution

· Na is absorbed with the glucose

WATER FOLLOWS DUE TO OSMOTIC GRADIENT VIA OSMOSIS!!!

	Leaving 
	· Absorbed monosacs leave the enterocyte by facilitated diffusion, through selective channels in the basolateral surface.


	PROTEINS

	Ingested as
	Proteins

	Digested by
	Digested by endo / exo pepsidases

· Pepsin from stomach

· Proteases from pancreas

· Trypsin

· Enterokinase activates trypsinogen ( trypsin

· Chymotrypsin

· Elastase

· Exopeptidases

· Carboxypeptidasese

· Enterocyte peptidases in brush border complete digestion of peptides

	Producing
	Producing amino acids and di, tri peptides.

	Products transported through apical membrane of enterocyte into cytoplasm by:
	Amino acids enter enterocytes along with Na ions using 5 different co transporters

	Leaving 
	From cytoplasm, amino acids enter circulation via selective channels.


	LIPIDS

	Ingested as
	Lipids

	Digested by
	Digested by

· Lipases

· Phospholipases

· Cholesterol Esterases

Not water soluble like carbohydrates and proteins

· Require partition ( hydrophobic (amphipathic) environment

· Churning and mixing and the alkaline pH of intestinal fluid promotes formation of EMULSION

· Also, bile salt, phospholipids and cholesterol esters, which are amphipathic, help to form mixed micelles with emulsified dietary lipids.

These macromolecular complexes, carry digested lipids ( enterocyte surface.

· Main dietary lipids are

· TRIGLYCERIDES

· 3 Fatty acid chains on glycerol backbone

· PHOSPHOLIPIDS

· One fatty acid chain replaced by hydrophilic molecule

· CHOLESTEROL ESTERS

	Producing
	Fatty acids

Monoacyl Glycerol

Lysophopholipids

Cholesterol

	Products transported through apical membrane of enterocyte into cytoplasm by:
	Absorbed across cell membrane into cytoplasm and re-esterified with apolipoproteins to form lipid rich lipo protein particles known as CHYLOMICRONS



	Leaving 
	Chylomicrons actively secreted into basolateral space and carried via lymphatic channels…see next page.


DIGESTION OF VITAMINS AND MINERALS

WATER SOLUBLE VITAMINS

· Main water soluble vitamins

· Vit C (ascorbic acid)

· B complex vitamins (thiamine = B12)

· Others- absorbed by passive diffusion or Na dependent active transport in small intestine.

· Riboflavin

· Niacin

· Pyridoxine

· Biotin

· Pantothenic acid

· Inositol

· Chlorine

VITAMIN B12

· Complexed with proteins that are degraded in the stomach

· Then binds to intrinsic factor

· Dissociates form IF in ileum and transported in circulation bound to another protein- transcobalamin

· 3 months reserve vit B12 stored in liver.

FOLIC ACID

· Absorbed in jejunum.

FAT SOLUBLE VITAMINS AND ESSENTIAL FATTY ACIDS

· A, D, E, K absorption depends on adequate bile salt secretion.

· Deficiencies therefore occur in

· Liver disease
· Obstructive jaundice

· Pancreatic insufficiency

IRON

· Absorbed rapidly in duodenum

· Dietary iron (Fe3+) is converted ( Fe2+ by vit C and stomach acids and reducing agents.

· Once converted, gastroferrin attaches to Fe2+ preventing it from bonding with anions and maintaining the ability for absorption
· Once in circulation, binds with transferrin.

COPPER

· Essential co factor for many enzymes.

· Stored in liver, with excesses secreted in bile.

CALCIUM

· Absorbed by small intestine, regulated by vit D

· Stimulates synthesis of Ca binding transport proteins

ZINC

· Essential co factor for many enzymes.

· Plays role in immunity.

HEPATIC, METABOLIC AND SYNTHETIC FUNCTION

CARBOHYDRATES

· GLYCOGENOLYSIS

· Glycogen ( Glucose

· GLUCONEOGENESIS

· Amino acids ( Glucose

· Fat cannot be ( glucose

· Affected by

· Insulin

· Glucagons

· Growth hormone

· Corticosteroids

· Catecholamines

LIPIDS

· Chylomicrons broken down (
· Fatty acids

· Phospholipids

· Cholesterol

· Then repackaged as lipoproteins for export to rest of body.

· Lipoproteins are macromolecule complexes allowing hydrophobic lipids to be transported

· formed from lipids + apolipproteins (protein)

· Main types exported from hepatocyte

· VLDLs

· HDLs

· Liver also takes up & recycles free fatty acids and lipoproteins, thus regulating distribution

· Major site of cholesterol synthesis

· Most circulating cholesterol is derived from liver rather than diet.

· Statins act on liver by inhhbiting cholesterol synthesis.

· Cholesterol is used to synthesise bile salts which are then conjugated and secreted in bile.

· Ketones are derived from acetyl co A and can be used instead of glucose.

AMINO ACIDS AND PROTEINS

· Excess amino acids are metabolised by removing amino groups, releasing ammonia

· Which is potentially toxic and is converted ( urea in the liver and excreted ( urine.

· Carbon skeletons can be then converted ( glucose

· Happens in illness, fasting.

· Produces

· Albumin- ½ life of 21 days

· ( amounts ( oedema due to ( oncotic pressue.

· Coagulation factors- ½ life of few hours

· ( amounts ( coagulopathy with a prolonged prothrombin time

· ( PT time is good indicator for ( liver function.

· Carrier proteins.

HEPATIC DETOXIFICATION AND EXCRETION

Liver- immense capacity to metabolise biomolexules, inactivating them and preparing them for excretion ( bile / urine

CONJUGATION

· Conjugating enzymes in hepatocytes covalently link

· Drugs

· Toxins

· Waste products

· Making them > water soluble to be transported into…

· Bile via transporters

· Urea via urine

OXIDASES AND CYTOCHROME P450

· Oxidising enzymes are a large family linked to p450 proteins.

· They inactivate compounds often making them more water soluble

· May be used to activate beneficial effect of drug

· Oxidised products are excreted in bile / urine or further conjugated.

CANICULAR SECRETION

· Conjugated molecules and certain essential micronutrients are toxic

· Eg. Copper in high concs

· They are excreted by hepatocytes into bile.

UREA CYCLE

· Ammonia which is a product of amino acid break down is conjugated with CO2 in a series of reactions (urea cycle)

· Generating urea, which is excreted in urine.

BILIRUBIN

· Pigment from break down of haem.

· Bilirubin is transported in blood, bound to albumin and taken up by hepatocytes and binds to cytoplasmic proteins (glutathione S transferase)

· Bilirubin conjugated with glucuronic acid by cytoplasmic proteins ( bilirubin monogluconuride ( bilirubin digluconuride (more water soluble)

· Some conjugated bilirubin diffuses ( bloodstream ( urine

· Most conjugated bilirubin ( bile by canicular secretion.

· Disease

· Unconjugated hyperbilirubinaemia may be caused by Prehepatic jaundice disorders

· Haemolytic disorders

· Conjugated hyperbilirubinaemia may be caused by Posthepatic jaundice disorders

· Biliary obstruction

· Conjugated hyperbilirubinaemia may also be caused by hepatic jaundice disorders though Unconjugated hyperbilirubinaemia is also present.

· Intra hepatic cholestasis
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