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Anatomy of Digestive System
Peristalsis
Stomach and Acid Secretion
Liver and Bile Secretion

Pancreas and pancreatic juice
Pancreas and glucose regulation (19.3 & 
19.4)
Diabetes

lungs

 
blood

interstitial fluid

 
cells

of muscles, organs, 
& tissues

Movement between “Compartments”

O2 O2

CO2 CO2



 
blood lungs

interstitial fluid

alim
entary canal

 
cells

of muscles, organs, 
& tissues

kidney
bladder

food, H20

N, Na, H20, C6H1206

C6H1206

a.a.’s

 
blood lungs

interstitial fluid

alim
entary canal

 
cells

of muscles, organs, 
& tissues

kidney
bladder

food, H20

N, Na, H20, C6H1206

C6H1206

a.a.’s

fat
cells

lymph(fats, immune cells)

 

GI tract

 
 sensory 

ganglion

sensory 
nerve

 
motor 

neurons

motor 
nerve

enteric NS

 

 

autonomic 
nerve

autonomic 
ganglion

Peripheral Nervous System: 
Neurons and nerve fibers outside the brain and spinal cord
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Functions of Digestive System

Motility: 
movement of food through GI tract

Secretion: 
exocrine secretion of H20, HCl, HCO3–, & enzymes
endocrine secretion of several hormones

Digestion:
breakdown of macromolecules to monomers
hydrolysis by enzymes (amylase/sacchridase; peptidases; lipases)

Absorption:
monomers absorbed into blood or lymph; 
postabsorptive utilization by tissue or storage (e.g. in liver or fat)

Storage and Elimination

Immune Barrier
because lumen of gut is on “outside” of body

gastrointestinal tract
alimentary canal
gut

Figure 18.1
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Carbohydrate digestion
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Simplified GI tract
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Motility: Peristalsis and Segmentation

http://www.sciencephoto.com/media/410578/view

Peristalsis
Wave of muscular relaxation & contraction in reflex response to stretch of GI 
wall. Moves food down esophagus and stomach; weaker in intestines. 

Segmentation
Rhythmic coordinated contraction of segments of intestine that mixes chyme, 
mucus, enzymes. Faster at proximal end of intestine; creates pressure that 
moves food down intestines.

Slow waves are generated by slow pacemaker activity in interstitial cells of 
Cajal (ICC); depolarizes smooth muscle.

ICC have muscarinic receptors: parasympathetic acetylcholine increases 
amplitude and duration of  slow waves. 

Figure 18.4
Peristalsis during swallowing

Figure 18.31



Figure 18.13
Segmentation

20

Figure 18.15

Figure 18.14

Pacemaker activity in interstitial cells of Cajal (ICC)



Stomach and Acid Secretion
Gastric pits contain gastric glands, composed of several cell types including:

parietal cells: secrete HCl acid 
• carbonic anhydrase converts CO2 to H+ & HCO-3
• H+ is pumped into lumen by H+/K+ ATPase pump
• HCO-3 exchanged for Cl- from blood
• Cl- moves through membrane channel into lumen

chief cells: secrete pepsinogen (cleaved to pepsin, a peptidase)

enterochromaffin-like (ECL) cells: secrete histamine and serotonin that 
stimulate chief cells

G cells: secrete gastrin into blood that stimulates ECL cells

Gastric juice is low pH (< 2), with 3 functions:
•kills ingested bacteria
•denatures & starts hydrolysis of ingested proteins
•optimal pH for pepsinogen cleavage and pepsin activity

mucous neck cells & mucosal surface cells: secrete mucus. Adherent layer 
of mucus is high in HCO-3 to protect mucosa from HCl acid

Figure 18.5

Figure 18.6



Figure 18.7
Acid Secretion by Parietal Cell in Stomach

Parietal Cell

Blood capillaries

Stomach Lumen

Figure 18.8

Dr. William Beaumont and Alexis St. Martin

1825 - Mackinaw Island, Michigan
Gunshot wound -> gastric fistula
Used by Beaumont to demonstrate
gastric digestion by acid



Regulation of Gastric Acid Secretion

Vagus nerve releases acetylcholine onto muscarinic receptors on ECL cells 
and G cells.

ECL cells release histamine that has paracrine effect on H2 receptors on 
nearby parietal cells to increase HCl secretion.

Distension of stomach stimulates vagus nerve.

Digested amino acids in the chyme stimulate chief cells to secrete 
pepsinogen and G cells to secrete gastrin. Gastrin stimulates ECL cells to 
release histamine which stimulates parietal cells to increase HCl secretion.

positive feedback

negative feedback

Fat, amino acids, and distension of the intestine inhibit acid secretion and 
gastric emptying (shut the pyloric sphincter to decrease movement of food 
from stomach to small intestine).

Figure 18.30

chief cellpepsinogen

Table 18.6



Disorders of Acid Secretion

Gastroesophygeal reflux
Reflux of gastric juice into esophagus -> heartburn

Peptic ulcers
gastric acid erodes mucosa of stomach or duodenum

Helicobacter pylori infection: present in 50% of adults
aspirin: blocks prostaglandins that promote mucus secretion

histamine release in response to infection or irritation -> more acid secretion

Treatments
antacids: to temporarily neutralize stomach acid
proton pump inhibitors: Prilosec, Prevacid
H2 Histamine receptor blockers: Tagamet, Zantac
note: antihistamines for allergies block H1 receptors
Antibiotics to suppress H. pylori infection

Helicobacter pylori

Small Intestine (duodenum, jejunum, ileum)

Mucosa folded into villi. Each villus coated with epithelium cells. Epithelium 
cells have microvilli protrusions into lumen (the brush border).

Large surface area for absorption of nutrients and exposure to digestive 
enzymes (brush border enzymes). 

Villi are perfused by capillaries to transport water-soluble nutrients 
(glucose, amino acids) and lacteal lymph vessel to transport fat and lipids.
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Figure 18.11
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Figure 18.12

Brush Border Enzymes in membrane of Epithelial Cell



Table 18.1

Liver and Pancreatic Secretion into Duodenum
Pancreas secretes bicarbonate and digestive enzymes.

Liver secretes bile (250 - 1500 ml/day) to emulsify fat. Stored in gall 
bladder. Gall bladder contracts in response to hormone cholecystokinin 
(CCK),  released by duodenum in response to fat. 

Bile secreted from common bile duct. Recycled by enterohepatic circulation. 
Sphincter of Oddi closes ble duct when duodenum empty.

Bile contains:

phospholipids
cholesterol (bile -sterol)

bilirubin (bile pigment)
derived from heme groups (part of metabolism of hemoglobin)
bacteria convert bilirubin to urobilinogen -> brown color

bile salts
acid form of cholesterol that emulsifies fats to form micelles

chole - bile
cholecyst - gall bladder
kinin - mover

Figure 18.21

Bile produced in liver, stored in gall bladder, released into duodenum, recycled by 
enterohepatic circulation.
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Figure 18.22

Bilirubin is a useless and toxic breakdown product of 
hemoglobin, which also means that it is generated in large 
quantities. In the time it takes you to read this sentence 
aloud, roughly 20 million of your red blood cells have died 
and roughly 5 quintillion (5 x 1015) molecules of hemoglobin 
are in need of disposal.

globin protein



http://pharmrev.aspetjournals.org/content/57/4/585/F2.large.jpg
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Figure 18.20

Figure 18.23 Enterohepatic Circulation

Figure 18.24



Figure 18.35

Bile & Lipases

micelle

lipase

Figure 18.34



Figure 18.36

Fat Absorption in Intestine -> lymph vessels

Cholecystitis 
irritation of the gall bladder

Gall stones 
solid cholesterol crystals formed by excess cholesterol secretion by liver and 
excess mucus by gall bladder. Cholecystectomy to remove gall bladder. 

Jaundice
Yellow skin and tissue color caused by excess blood levels of bilirubin.
(low functioning liver; blockage of bile duct/gall bladder)

Neonatal Jaundice
Newborn liver lacks enzyme for conjugating bilirubin, so bilirubin accumulates in 
blood. Phototherapy with blue light converts bilirubin to more water-soluble form 
that can be eliminated by kidney.

Bile & Gallbladder Disorders

Figure 18.26a



Figure 18.26b

http://library.med.utah.edu/WebPath/CINJHTML/CINJ049.html
http://pancreaticcanceraction.org/facts-figures/jaundice/

Jaundice
Excess bilirubin in blood looks yellow

Neonatal Jaundice
Neonatal liver may lack enzymes to process bilirubin
Blue light phototherapy makes bilirubin more polar

http://www.webmd.com/skin-problems-and-treatments/picture-of-jaundice


