Gastric Secretion and Peptic Ulcers
Glands of the cardiac stomach contain mucus and endocrine cells.
Glands of the fundus and body (oxyntic mucosa) contain mucus cells, parietal cells 


(secrete gastric acid and intrinsic factor), chief cells (secrete pepsinogens and lipases), 
and enterochromaffin-like (ECL) cells (secrete histamine).

Glands of the antrum contain G-cells (secrete gastrin) and mucus cells.
Acid Secretion
Parietal cells are located deep in the oxyntic glands.  
(Unstimulated state:  tubulovesicles are in the cytoplasm and are impermeable to K+.
(Stimulated state:  tubulovesicles fuse with the apical membrane to form secretory canaliculi.


Secretory canaliculi contain microvilli lined with proton pumps (H+/K+ ATPases).


Canaliculi become permeable to K+ which begins to cycle and pump protons.

H+ are made by hydrating CO2 with carbonic anhydrase.  


Cl- enters canaliculi passively via channels.
Control of Acid Secretion
1.  Histamine is the most potent acid stimulant.  It is released by ECL cells and mast cells.  
Histamine’s second messenger is cAMP.

H2 receptors on parietal cells stimulate acid secretion.


H3 receptors on D-cells suppress somatostatin release.

2.  ACh is released by the vagus nerve to stimulate acid secretion.  Second messenger is calcium.

Muscarinic receptors on parietal cells stimulate acid secretion.

ECL cells are activated to release histamine.


G-cells are activated to release gastrin.


D-cell secretion of somatostatin is suppressed.
3.  Gastrin is released from antral G-cells in response to food (especially protein).

4.  Somatostatin is released from antral D-cells in response to acidity.  Somatostatin inhibits 
parietal cells to slow down acid secretion, and inhibits ECL secretion of histamine.
5.  Prostaglandins also inhibit parietal and ECL cells to slow down acid secretion.

Food-stimulated acid secretion:  


--Cephalic phase is mediated by the vagus in response to sight/smell/taste/thought of food.

--Gastric phase is mediated by stomach distention reflexes and G-cell stimulation.

--Intestinal phase turns off acid secretion via secretin release from the duodenum.

Mucosal Resistance to Acid
Gastric mucosa is protected by mucus and bicarbonate, which are released from mucus cells.
The gastric epithelium is very tight.  Breaks are initially closed by spreading of remaining cells 
and later by cell division.
Prostaglandins are the primary protective signal (stimulate mucus/bicarbonate secretion).

NSAIDS damage the mucosa by direct action and by inhibiting prostaglandins.

H. Pylori and ulcers

H. pylori colonizes mucus cells but doesn’t invade.  It produces gastric urease that protects it from acid.
It is acquired by fecal-oral transmission.

H. pylori releases cytotoxins that attract PMNs, which cause inflammation and epithelial damage.

H. pylori secretes a potent H3 (histamine) agonist, which eventually reduces D-cells with 
resulting loss of somatostatin.  Basal acid production increases.

Duodenal ulcers tend to affect younger males, and have a chronic relapsing course.  Pain is 
worse after fasting (while sleeping) and is relieved by meals.  H. pylori always involved.

Probably caused by excess stomach acid due to H. pylori, which causes mucus cell 
metaplasia of the duodenum, and colonization of this metaplastic epithelium by H. pylori.
Gastric ulcers present with pain after meals.  Patients fear eating and lose weight.  Pain after 
fasting is rare.  Ulcers are usually located in the antrum.
**Zollinger-Ellison (ZE) Gastrinoma usually presents with duodenal ulcers poorly responsive to 
anti-ulcer therapies.  It is caused by a pancreatic islet-cell tumor that secretes tons of gastrin.  
This stimulates high basal gastric acid secretion.

In healthy people, secretin infusion decreases serum gastrin levels.


**In ZE patients, secretin infusion paradoxically increases serum gastrin levels.


1/3 of patients have ZE gastrinoma as part of MEN-1.  This often kills patients via malignancy.  
One sign of MEN-1 is ZE plus high calcium and kidney stones (overactive parathyroid).
(Raymond removed an diagram of gastric crypt histology and an image summaring hormonal interactions between D, ECL, and parietal cells.)
