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Objectives: 

1.  Understand the mechanisms of intestinal transport of ions 

2. Know the location of transport and secretion of ions 

3. Understand the absorption of vitamins and minerals 

4. Understand the phenomenon of changes in nutrient absorption with luminal nutrient 

concentration 

5. Mechanisms of diarrhea 

6. Identify signs and symptoms of excess vitamin and mineral absorption and signs and symptoms 

of deficiency 

 

I. Background: Fluid and Electrolyte Balance in the GI Tract 

a. Regulation of fluid transport in gut is critical for normal intestinal function 

b. Water follows the osmotic gradient set by electrolyte transit 

c. The regulation of electrolyte balance is therefore a key principal to understanding 

intestinal fluid balance in health and disease 

i. In healthy state, only 100mL of fluid exits the gut (via stool) per day 

 

II. Intestinal Epithelial cells function as gatekeepers for fluid and ion transit 

a. Tight junctions: restrict passive flow of solutes.   

b. Paracellular transport of water and electrolytes across tight junctions can occur but 

most follow electrochemical gradient 

c. Transcellular transport proteins: allow transport of molecules and waters across 

epithelial barrier, often via active transport against electrochemical gradient 

i. Subject to transcriptional and posttranscriptional regulation 

ii. Mechanistic examples: 

1. Primary Active Transport: Na-ATPase 

2. Secondary Active Transport: Na-GLUC cotransporter 

3. Facilitated Diffusion: Glut-5 (fructose transporter) 



 

III. Anatomic Considerations  

a. Based on villi (absorptive) and crypts (secretory), simultaneous absorption and 

secretions occurs at all levels of the intestine 

i. Absorption primarily depends on molecular cotransport with sodium 

ii. Secretion primarily follows chloride and bicarbonate 

b. Locational specialization occurs within the gut 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



IV.  Key examples of Cellular Transport Proteins 

a. Na, K ATPase 

 
 

 

 

 

 

 

 

 

 

 

b. Na-coupled Transport (eg: Sodium-Glucose cotransporter) 

 
 

 

 



c. NaCl Co-transport 

 
 

 

 

 

 

 

 

 

 

 

d.  Chloride secretion 

 

 
 

 

 

 

 



e. Ultimately, water follows the NaCl gradient 

 

 
 

V. Absorption and Secretion in Health versus Diarrheal States 

a. In healthy state, absorption (villus) > secretion (crypts) 

b. In diarrheal state, chloride secretion (crypt) may be higher than villous NaCl absorption 

i. The pathophysiology of individual diarrheal disease is dependent on how the 

process affects ion absorption or secretion 

c. Basic clinical mechanisms: 

i. Osmotic diarrhea:  Malabsorption of solute (eg, carbohydrate / lactose) from 

small intestine drives fluid losses in colon 

ii. Secretory Diarrhea: Electrolyte secretion (eg, chloride secretion from crypts) 

drives small intestinal fluid losses 

 

d. Repetitive molecular pathways exist in various infectious diarrheal states 



 
 

i. Example: Cholera  

 

 

 

 

 

 

 

 



VI.  Mineral and Vitamin Absorption 

a. Iron 

i. Ferrous iron is absorbed in proximal small intestine 

ii. Ferrous iron is converted to ferric iron, which is coupled with transferrin for 

transport 

iii. The liver plays a major role in regulation of iron transport 

 

b. Calcium 

i. Absorbed in duodenum 

ii. Regulated by 1,25 hydroxy vitamin D, which regulates the apical, intracellular, 

and basolateral transport mechanisms 

c. Magnesium 

i. Absorbed throughout GI tract, and regulation of absorption is dependent on 

dietary intake 

d. Water Soluble Vitamins 

i. B vitamins and vitamin C are easily taken up by cells, and are generally not 

stored in tissue 

ii. Vitamin B12: 

1. Requires intrinsic factor for absorption 

2. Partially stored in liver 

e. Fat Soluble Vitamins 

i. Digestion, absorption, and transport follows dietary fat 

ii. Stored in hepatocytes and adipocytes 

f. Vitamin and mineral excess and deficiency states 



 


