Anatomy & Physiology II

Ch. 23: The Digestive System

2. Digestive system

· Gastrointestinal tract

· Mouth, pharynx, esophagus, stomach, small & large intestines, anus

· Accessory structures & glands

· Teeth, tongue, salivary glands, liver, gall bladder, pancreas

3. GI tract tissue structure

Figure 23.6
4. GI tract tissue structure

Figure 23.6
· Lumen 

· The anatomical equivalent to outside the body

· Mucosa 

· Epithelium: tight junctions; goblet cells

· Lamina propria: areolar connective tissue

· MALT

· Muscularis mucosae: thin layer of smooth muscle

5. GI tract tissue structure

Figure 23.6
· Submucosa

· Dense connective tissue

· Elastic fibers

· Blood vessels

· Lymphatic vessels

· Submucosal nerve plexus

· Muscularis externa

· Inner layer: circular

· Myenteric nerve plexus

· Outer layer: longitudinal

6. GI tract tissue structure

Figure 23.6
· Serosa: outer connective tissue

· Esophagus: adventitia 

· Fibrous connective tissue

· Abdominal organs: visceral peritoneum

· Areolar connective tissue covered by a layer of epithelial cells (mesothelium)

7. Digestive functions

· Ingestion

· Digestion

· Absorption

· Elimination 

8. Ingestion into the body

· Mouth receives food

· Aided by teeth & tongue

9. Digestion in the mouth

· Mechanical break-up of food begins in mouth 

· Aided by teeth, tongue, hard palate, saliva

10. 3 pairs of salivary glands

Figure 23.9
11. Saliva

· ~98% H2O

· Slightly acidic

· Contains mucin, lysozyme, IgA, amylase

12. Amylase

Figure 2.13
13. Saliva production

· Autonomic control

· Stimulated by chemoreceptors (respond to acid)

· Stimulated by pressure sensors

· Conditioned response

· Sight or smell of food

14. Ingestion to the stomach

Figure 23.14
· Swallowing (deglutition)

· Buccal phase: voluntary using tongue to push food into pharynx

· Soft palate rises to close nasopharynx

· Pharyngeal-esophageal phase: involuntary

· Larynx rises and opening is covered by epiglottis 

· Peristalsis propels food down esophagus

15. Peristalsis

Figure 23.3
16. Peristalsis 

Figure 23.13
17. Esophagus 
Figure 23.12
18. Stomach anatomy

Figure 23.18
19. Stomach mucosa

Figure 23.15
· Surface: columnar epithelial cells

· Protected by:

· All are goblet cells: produce protective mucous (alkaline)

· Cells connected by tight junctions

· Replacement of dead or damaged cells

· Gastric glands

· Produce gastric juice

· Contain secretory cells

20. Parietal cells
Figure 23.17
· Secrete HCl

· Secrete intrinsic factor

· A glycoprotein that binds vitamin B12 

· Prevents its digestion in the stomach

· Binds to a receptor on intestinal mucosal cells

· Receptor-mediated endocytosis

21. Chief cells

Figure 23.15
22. Digestion in stomach

· Food digested by H+ and by pepsin

· Results in a paste called chyme

23. Enteroendocrine cells

· Secrete hormones into lamina propria

· Pass into blood, distributed to digestive organs

· Gastrin: stimulates parietal cells

· Histamine: stimulates parietal cells

· Serotonin: stimulates stomach muscle

24. Control of gastric secretions

· Cephalic phase

· Conditioned response to sight or smell of food

· Vagal nerve stimulation: acetylcholine

· Gastric phase

· Stomach filling initiates reflexes via local nerve plexus & via vagal nerve to release acetylcholine

· Peptides, pH > 3, caffeine presence in stomach stimulate histamine & gastrin release

25. Gastric filling
· Reflexes cause stomach muscles relax as stomach fills

· Receptive relaxation

· Swallowing centers send inhibitory signals via vagal nerves

· Adaptive relaxation

· Stretch leads to relaxation due to NO produced via local nerve plexus

26. Gastric motility

· Stomach stretch eventually initiates smooth muscle contractions

· Contractions initiated by pacemaker cells in long. layer in fundus ~3 times/minute

· Spread toward pylorus

· Push chyme against pyloric sphincter

27. Pyloric sphincter

Fig. 23.18
28. Small Intestines

· Duodenum: ~25cm

· Jejunum: ~2.5m

· Ileum: ~3.5m

29. Duodenum, pancreas, gall bladder
Fig. 23.20
30. Small intestinal anatomy

Fig. 23.21
31. Intestinal secretions

· Duodenum

· Brunner’s glands secrete bicarbonate ion

· Jejunum secretes intestinal juice

· Goblet cells secrete mucous

· Epithelial cells in crypts secrete bicarbonate ion

· All intestinal anatomical specializations decrease distally

32. Intestinal hormones

· Intestinal phase of gastric secretions

· Intestinal gastrin produced initially

· Buildup of acidic chyme containing lipids and peptides initiates the enterogastric reflex

· Local reflexes decrease gastric motility

· Inhibitory signals sent to medulla lead to:

· Decreased vagal stimulation

· Sympathetic stimulation tightens pyloric sphincter

· Release of the enterogastrones

33. Enterogastrones

· Gastric inhibitory peptide (GIP)

· Inhibits gastric secretions and gastric motility

· Secretin

· Inhibits gastric secretions and gastric motility

· Stimulates pancreas to secrete pancreatic fluid

· Cholescystokinin (CCK)

· Stimulates gall bladder to contract and secrete bile

· Stimulates pancreas to secrete pancreatic enzymes

· Relaxes sphincter of Oddi

34. Duodenum, pancreas, gall bladder
Fig. 23.20
35. Control of gastric emptying
Fig. 23.19
36. Liver
Fig. 23.24
37. Liver lobule
Fig. 23.24
38. Bile

· Bile salts

· Cholesterol derivatives

· Phospholipids

· Lecithin: phosphatidylcholine

· Bilirubin

39. Duodenum, pancreas, gall bladder
Fig. 23.20
40. Pancreas

Fig. 23.26
41. Control of pancreatic secretions

Fig. 23.28
42. Pancreatic enzymes
Fig. 23.27
43.  Enteric protein digestion

Fig. 23.34

44.  Protein digestion & absorption 

Fig. 23.33

45. More pancreatic enzymes

· Amylase

· Lipases

· Nucleases 

46. Carbohydrate digestion & absorption
Fig. 23.33
47. Absorptive routes
48. Na+-dependent cotransport
49. Nucleic acid digestion & absorption
Fig. 23.33

50. Lipid digestion 
Fig. 23.35

51. Lipid digestion
Fig. 23.33
52. Fatty acid absorption
Fig. 23.36
53. Fatty acid disposition
Fig. 24.33
54. Other absorption

· Na+: Na+/K+ ATPase

· Cl-: follow Na+

· H2O: follows Na+

· K+ & other ions: move down their concentration gradients as chyme gets more concentrated

· Fe: active transport, binds ferritin, passed on to transferrin

· Ca++: binds Ca++ binding protein, active transport

55. Intestinal motility

· Segmented contractions

· Moves chyme back and forth 

· Migrates steadily distally

· Peristalsis

· Contraction waves sweep several feet distally

· Each wave begins more distally

· = migrating mobility complex

· Ileocecal valve relaxes due to gastrin

· Perstaltic contractions may enter colon

56. Large intestines

· Thicker mucosa

· Rich with goblet cells

· Heavily colonized with bacteria

· Synthesize several B vitamins & vitamin K

· Only significant absorption is H2O

57. GI diseases

· Gastric ulcer

· Helicobacter pylori

· Infectious enteritis (food poisoning)

· Staphylococcus, Salmonella, Campylobacter

· Cholecystitis

· Gall stones (cholesterol crystals)

· Colon cancer
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