Topic 1 – Oesophageal, Gastric and Duodenal Function
THE OESEOPHAGUS AT REST:

· Upper oesophageal sphincter (UOS) is held tightly closed by CN IX
· The rest of the oesophagus is relaxed

· The lower oesophageal sphincter (LOS) is held tonically closed myogenically, but intermittently relaxes, esp. during sleep (this can cause gastric acid reflux ( heartburn)

SWALLOWING:

· This is in three phases: oral, pharyngeal and oesophageal. It is mediated by CN IX and X, coordinated in the medulla.

· The pharyngeal phase causes relaxation of the UOS by inhibiting CN IX.
· The oesophageal phase is called 1˚ peristalsis ( oesophageal contractions initiated by swallowing. 
· The food bolus passes the relaxed UOS ( reflex contraction of UOS ( this initiates the peristaltic wave.
· This wave causes the LOS to relax at the same time, and remain relaxed for the 5 – 9 seconds it takes the bolus to arrive. 

· This relaxation is due to activated nonadrenergic noncholinergic inhibitory nerves.

· The peristaltic contractions are due to sequential activation of muscle units by myogenic activation, from the nerves in the myenteric plexus. 
· The LOS contracts strongly, then returns to its normal state. 

Best and Taylor’s is a bit confused on this topic. Jin and I had a fight over which nerves do what. More recent textbooks attribute the LOS tone to vagal cholinergic nerves, but B + T is your recommended text, so we went with what they say. 

2˚ PERISTALSIS:

· This is oesophageal contraction caused by reflex stimulation of the oesophagus not associated with swallowing.

· When the LOS undergoes sporadic relaxation, gastric acid can wash into the lower oesophagus causing heartburn symptoms.

· This can occur especially at night when a person lies flat. 

· The acid stimulates oesophageal chemoreceptors that initiate a peristaltic wave to clear the acid.
GASTRIC FILLING:

· Swallowing causes relaxation of the fundus, which is called receptive relaxation. Caused by CN X. 

· Once eating has stopped, the stomach’s normal tone returns gradually ( contents pushed into distal stomach for mixing.

GASTRIC MIXING:

· Slow contractile waves (peristalsis) originate in the body of the stomach and push the food towards the pylorus.

· As this happens the pyloric sphincter snaps shuts, and the pyloric muscle contracts ( large particles pushed back into the body for further digestion: retropulsion.
· The small particles (<2mm) can squeeze through the tightly contracted pyloric sphincter into the duodenum – they are now called chyme. 

· Gastric mixing is ( by vagal stimulation (rest and digest), and ( by sympathetic stimulation (fight or flight). 

CONTROL OF GASTRIC EMPTYING: 

· This is regulated by the pyloric sphincter which is in turn controlled neural and hormonal mechanisms.

· Things that increase gastric emptying: ( distension of the stomach, ( gastrin secretion (see Gastric Acid Secretion below for details), ( CN X activation.

· These all increase the frequency of slow peristaltic waves in the body of the stomach ( ( mixing and motility.  

· Things that slow gastric emptying: too much chyme in the duodenum, hyperosmotic chyme, the duodenal presence of fat, acid, amino acids/peptides and CCK.  

RAPID EMPTYING:

· This is caused by: 

1) resection of the antrum of the stomach (and thus there is no mixing, no G cells ( decreased gastrin ( decreased acid in the duodenum ( decreased secretion of CCK to inhibit emptying) 

2) resection of the duodenum – no negative duodenal feedback mechanisms to slow gastric emptying, and importantly, no CCK.

· The symptoms of rapid emptying are: a feeling of being very full due to rapid distension of the small intestine, dizziness, palpitations, sweating, and tremor (i.e.: SNS activation symptoms).  
· These symptoms are due to: the sudden increase in osmolarity in the lumen of the intestine ( fluid travels via osmosis from the extracellular fluid (ECF) into the lumen according to the osmotic gradient.  
· The decrease in ECF volume causes a drop in blood pressure, the baroreceptor reflex is activated (see Topic 9) to increase the SNS activation ( SNS symptoms.  
· You also get hypoglycaemia, because of the sudden increase in insulin, which overshoots required levels.

· Rapid emptying leads to malabsorption of fat, vitamins, calcium, iron etc.

GASTRIC ACID SECRETION:

You need to know a bit about the secretory cells of the stomach:
· The stomach is lined with columnar epithelial cells with interdispersed mucous cells.  The lining is folded into gastric pits that form glands.

· These mucous cells secrete mucus and pepsinogen in response to ACh (from vagal nerves). Low pH turns pepsinogen into pepsin. 

· D cells in the base of gastric glands secrete somatostatin in response to H+
· Parietal cells are located in the fundus, they secrete HCl and intrinsic factor (see Vitamin B12 Absorption below) in response to three stimuli: gastrin, ACh and histamine.

· Chief cells are located in the fundus, and secrete pepsinogen in response to Ach. 

· G cells in the antrum secrete gastrin in response to eating a meal (peptides, stomach distension, vagal stimulation).
· Gastrin secretion by G cells is inhibited by somatostatin and also H+ which causes somatostatin release.
These are the functions of the different secretory products:

· Mucus: together with HCO3- from surface epithelial cells, it provides a buffer layer for stomach lining against acid. 

· Pepsin: proteases that digest proteins.

· Gastrin: stimulates the parietal cells to secrete acid. 

· Somatostatin: inhibits acid secretion by parietal cells. 

ACTIVATION OF HCl RELEASE:

· ACh: acts on M3 receptors ( ( intracellular Ca2+ ( ( secretion of H+ and Cl-
· Histamine: acts on H2 receptors ( ( intracellular cAMP ( ( secretion

· Gastrin: acts on gastrin receptors ( ( intracellular Ca2+ ( acid secretion
DUODENAL INTEGRATION OF GASRIC EMPTYING:

· As mentioned above duodenal feedback mechanisms slow gastric emptying. 
· Acid in the duodenum: causes secretin release ( inhibits antral contractions, stimulates pyloric contraction.
· Fat in the duodenum: cause CCK release (see Pancreatic Secretions below). 
· Hyperosmotic chyme: releases an unidentified hormone to slow gastric emptying. 
· Peptides/Amino acids in the duodenum: cause CCK release (see Pancreatic Secretions below). 

PANCREATIC SECRETION:

· Pancreatic secretions contain bicarbonate to neutralise stomach acid, and enzymes for digestion. 

· The hormones secretin and CCK regulate the two components of pancreatic secretions independently. 
· ( acid in duodenum ( ( secretin release from S cells in the duodenum ( ( HCO3- release from pancreatic ductal cells ( chymal pH neutralised.

· ( fat/protein in duodenum ( ( CCK from I cells in duodenum ( ( enzyme secretion from pancreatic acinar cells ( enzymes digest chyme.

GIP and VIP also play a role in the digestion process, but are only minor players, hence their omission here. 

BILE RELEASE:
· Fat enters duodenum ( CCK released ( gallbladder contracts ( stored bile released into the bile duct and then into the duodenum.

VITAMIN B12 ABSORPTION:

· Intrinsic factor (IF) released by parietal cells ( binds to vitamin B12 in the stomach ( protects it from digestion ( the IF-vit. B12 complex travels through the GI tract together ( reaches the terminal ileum and is absorbed by the epithelium here.

· Without IF only 1/50th of vitamin B12 can be absorbed ( pernicious anaemia. 
TESTS OF FUNCTION:

· Oesophageal manometry: a catheter through the nose goes into the oesophagus and measures the pressures in the body of the oesophagus and the LOS. Can be for up to 24hrs.

· pH monitoring: 24hrs of putting a pH sensitive probe into the lower oesophagus. Combined with manometry, this can diagnose acid reflux. 

· Barium swallow/meal: barium is a contrast agent that can be used to increased the ability of X-rays to visualise features of the GI tract.

· Endoscopy: Patient is sedated, and a fibreoptic cable is inserted through the mouth into the GI tract. It can be used diagnostically (visualisation, biopsy) or therapeutically (e.g. adrenaline injections for bleeding ulcers).

· Histalog/Pentagastrin: Obscure, special gastroenterology tests that are not very important right now.  We can’t find it in Kumar and Clark. 
· Schilling’s test: for investigating vitamin B12 deficiency. Compare the absorption of orally ingested radioactively labeled vitamin B12 with and without added intrinsic factor. 

· Tests of pancreatic function: also obscure, another special gastroenterology test – see Kumar and Clark if you really really want to know more pg 396, 5th ed. 

OTHER RANDOM BITS OF INFO WHICH ARE USEFUL

· The Portal System of Veins: collects blood from the abdominal GI tract, pancreas, spleen and gallbladder.  
· The inferior mesenteric vein joins the splenic vein and they both join the superior mesenteric vein to from the PORTAL VEIN.  
· The portal vein then drains via the liver sinusoids, into the IVC.
·  Portal anastomoses are where the portal circulation meets the systemic circulation – these can become dilated when there is portal hypertension: oesophageal vein meets the L gastric vein, rectal veins, paraumbilical veins, portal colic veins meet the renal, lumbar, phrenic veins. 
· Cirrhosis: hepatocyte injury/death ( fibrosis and disorganisation of the hepatic architecture ( leads to vascular reorganisation ( haphazard blood flow ( increased resistance to blood flow. 
·  The complications of cirrhosis are: liver failure (decreased albumin and clotting factor production, decreased elimination of endogenous products and hormones), portal hypertension (increased resistance to portal blood flow at the level of the sinusoids due to increased collagen and compressive fibrous nodules around the sinusoids).  Portal hypertension leads to ascites, porto-systemic venous shunts, splenomegaly (among other things).

PAST EXAM QUESTIONS

1998 Question 15

A patient has an operation which removes three quarters of his stomach. The normal exit from the stomach is closed off and an alternative exit is made in the side of the proximal jejunum. The duodenum remains in normal continuity with the jejunum.

Explain why the patient:

a) gets cramping abdominal pain within 30 minutes of a meal and then has loose diarrhoeal stools.

The pylorus has been removed ( no sphincter to allow the stomach to act as a reservoir for food ( large amounts of food entering the jejunum rapidly ( distension of the jejunum ( crampy abdominal pain. Also, antrum resected ( loss of G cells ( no acid secretion ( no acid in duodenum ( ( CCK release ( no inhibition of gastric emptying ( rapid transit of food into jejunum ( distension of jejunum ( crampy abdominal pain.
Loss of gastric emptying ( ( mixing in stomach ( rapid transit of hyperosmolar chyme ( jejunum has leaky membrane ( osmotic shift of water into the bowel lumen ( loose diarrhoeal stools formed.

b) Sometimes feels faint 20 minutes after a meal, at which time his blood pressure is 90/50 mmHg, his heart rate is 120/min, and his plasma volume is 1.5L less than usual.

Hyperosmolar chyme (( mixing) ( fluid shift from ECF (plasma) into the lumen down osmotic gradient ( ( plasma volume  ( ( BP from normal (hence less blood to head – feels faint) ( ( firing rate of baroreceptors ( ( SNS activity to restore normal BP ( ( SNS activity to the heart ( ( HR. 
c) 30 minutes after a meal, has a blood glucose concentration of 14mmol/L [3.9 – 6.4 mmol/L] but 3 hours later his blood glucose is normal.

Food taken into duodenum rapidly ( all the CHOs broken down by amylase straight away ( huge glucose uptake ( ( blood glucose concentration ( insulin can’t respond fast enough initially ( more insulin secretion stimulated by high glucose level ( blood glucose level normalizes.

In our notes, we said that rapid emptying should cause hypoglycaemia after the initial hyperglycaemic episode. In this clinical scenario this is not the case – and we are not sure why there is a disparity here – the answer above is from Bradley Richmond.

d) Ten years after this surgery he is found to be anaemic (Hb 70 g/L), and the Schilling’s test for vitamin B12 is abnormal. 
In surgery the antrum of the stomach was removed ( ( parietal cells ( ( intrinsic factor release ( ( B12 absorption ( B12 deficiency ( ( protein synthesis in blood cells ( pernicious anaemia [the macrocytic anaemia due to a lack of B12]. It takes many years for B12 stores to be used up and cause anaemia. 

