Diarrhea
Two major types of Na+ channel:  electrogenic and neutral

(Electrogenic channels bring in sodium without a balancing anion.  This leaves a net 


charge difference.  Na+ transport may be coupled to glucose, galactose, amino acids.

(Neutral channels bring in NaCl in exchange for H2CO3.  Neutral NaCl absorption is 


responsible for most basal and post-prandial salt absorption, and is the only 


sodium absorption process inhibited by diarrheal diseases.
Intestinal epithelial cells are joined by tight junctions.  Ion transport channels are asymmetrically 
localized to basal or apical membranes, depending on function. 
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	Colon
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(Raymond removed images showing ion channels involved in intestinal and colonic sodium absorption.)


***If there is zero Na+ absorption, there is net water secretion (not just zero water movement)!!
Types of Secretagogues
1.  Bacterial enterotoxins:  Cholera, E.coli
2.  Humoral agents:  VIP, Prostaglandins

3.  Laxatives:  Bile, Fatty acids, Commercial laxatives

**All secretagogues turn the normally absorptive intestine/colon into a secretory organ, usually 
by inhibiting electrolyte absorption, stimulating electrolyte secretion, or otherwise 
increasing luminal osmolarity.
Small intestine has a large reserve capacity for absorption.  Vibrio cholera colonizes small intestine.
Colon has a small reserve capacity for absorption, so diarrhea more often arises in the colon.

Some non-Beta cell pancreatic tumors can secrete tons of VIP, which inhibits gastric acid secretion 
and relaxes the intestines/sphincters.  Causes severe chronic watery diarrhea.
**If <100 cm of ileum are resected, bile acids arrive in high concentration in the colon, inducing 
colonic diarrhea.  This will be improved with cholestyramine.
**If >100 cm of ileum are resected, the liver can’t keep up with bile loss in the stool.  Bile levels 
decrease, and diarrhea now results from excess fat instead of excess bile.  


This will be made worse with cholestyramine.

Vibrio Cholera
V. cholera doesn’t invade.  It colonizes the small intestine and releases enterotoxin (“choleragen”).  

GM1 Ganglioside is an intestinal cell surface glycoprotein that confers susceptibility to cholera.
The active subunit of the toxin is A1/A2.  This enters cells and travels back to the basolateral 
surface via “retrograde transport.”  A1 constitutively activates the G-protein on adenylate 
cyclase, which begins to churn out cAMP.  Effects of cAMP:
1.  Blocks neutral, but not electrogenic, NaCl absorption.

2.  Increases passive diffusion of chloride out of cells into the lumen.

3.  Activates the Na:K:2Cl transporter.
4.  Activates K+ secretion into the lumen.

5.  Stimulates serotonin and prostaglandin secretion, activating the enteric nervous system.
Another cholera toxin called ZOT decreases the number of epithelial tight junctions, allowing 
water to flood down its concentration gradient into the lumen.

Much of the chloride is reabsorbed in exchange for HCO3, so cholera diarrhea is very high in 
Na+, K+, and HCO3-.  The resulting hypokalemia may cause transient muscle paralysis.
(Raymond removed images showing intestinal Cl secretion and Na absorption.)
Oral Rehydration Therapy
**Glucose-coupled Na+ absorption is intact!!  This is the basis of oral rehydration therapy (ORT).
Some advances in oral rehydration therapy include:

(Hypo-osmolar solutions (increases solvent drag of water into cells).


(Ceralyte is a rice-based ORT with anti-secretory properties.


(“Resistant starch” resists pancreatic amylase and gets to the colon, where it is metabolized



to short chain fatty acids.  These stimulate colonic NaCl and water absorption.
Osmotic Diarrheas
1.  Trehalase deficiency causes mushroom intolerance.
2.  Lactase deficiency causes lactose intolerance.  This is a colonic, not small intestinal, diarrhea.
Lactose gets to the colon and osmotically draws water into the lumen, causing diarrhea.  

Lactose is also fermented by bacteria.  This releases acid (causes erosion and pain) and H2 gas 
(causes cramping and gives a positive hydrogen breath test)
(Raymond removed an image showing how H2 production is increased after lactose feeding in a lactase deficiency.)
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