






When does digestion begin?



When you are eating, describe the process of digestion in the Stomach. 
  

What hormones -> stimulate which cells -> to secrete what enzymes/other 
(or perform what mechanical actions) -> to digest what food molecules?

Digestion: Stomach



Prout 
(Stomach)

Muallem 
(Parietal cell)

Roder 
(Absorption)







Prout 
(Stomach)



Table 23.1 
From Prout, 1824. 

Trifecta!

Explain these results



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 

Prout used silver nitrate to react with 
chloride salts to determine amount of 

chloride ion. 



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 

Prout used a known amount of 
potassium hydroxide to exactly 

neutralize the solution, to determine 
free acid present. 



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 

Prout added a large quantity of 
KOH, which neutralized all HCl to 

KCl + H2O. 



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 

Total chloride is sum 
of 1st 3 fractions. 



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 

Numbers vary from rabbit to rabbit, 
but total amount of chloride is fairly 

consistent. 

Total chloride is sum 
of 1st 3 fractions. 



Results from chloride analysis of stomach 
contents of three rabbits

Table 23.1 
From Prout, 1824. 



Prout 
(Stomach)

Muallem 
(Parietal cell)

Roder 
(Absorption)





Muallem 
(Parietal cell)





Trifecta

Table 23.2
Data from Muallem et al., 1988, text and Figures 2 to 8. 

Explain these results



DRAW a model parietal cell

Gastric pit 
to stomach

To blood



DRAW a model parietal cell

Gastric pit 
to stomach

To blood

Prout 
(Stomach)

HCl 
to lumen



DRAW a model parietal cell

Gastric pit 
to stomach

To blood

Muallem 
(Parietal cell)



HCO3– HCO3–

Cl–

To blood

From blood

H2CO3

H+

Chloride channel

Cl–

Cl– Cl–

H+

HCl 
to lumen

Canal empties 
to lumenParietal cell

Secretion of HCI by parietal cells

CO2 + H2O

ATP

H+

Na+

Hist

cAMP+





Prout 
(Stomach)

Muallem 
(Parietal cell)

Roder 
(Absorption)



Roder 
(Absorption)



Trifecta

Absorption

Roder 
(Absorption)



Effects of SGLT1 and GLUT2 on glucose 
accumulation and blood plasma glucose

Figure 23.7 
Figures 1 and 3 from Röder et al. 2014, © 2014 Röder et al. 
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Effects of SGLT1 and GLUT2 on glucose 
accumulation and blood plasma glucose

Figure 23.7 
Figures 1 and 3 from Röder et al. 2014, © 2014 Röder et al. 

Mutant sglt1−/− mice take up very little glucose into 
epithelial cells and show very little glucose in the 

blood relative to wild-type mice. 
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Effects of SGLT1 and GLUT2 on glucose 
accumulation and blood plasma glucose

Figure 23.7 
Figures 1 and 3 from Röder et al. 2014, © 2014 Röder et al. 

Glucose accumulation is higher in mutant glut2−/− mice 
than wild-type mice. Glucose concentrations are lower in 

mutant than in wild-type mice blood.  
Glucose can enter the epithelial cell but cannot get out.



Effects of SGLT1 and GLUT2 on glucose 
accumulation and blood plasma glucose

Figure 23.7 
Figures 1 and 3 from Röder et al. 2014, © 2014 Röder et al. 





Immunostained jejunum epithelial cells showing localization of 
glucose transport proteins (red) and cell nuclei (blue)

Figure 23.8 
Figures 5 and 6 from Röder et al. 2014, © 2014 Röder et al. 

Absorption



Immunostained jejunum epithelial cells showing 
localization of glucose transport proteins (red) and 

cell nuclei (blue)

Figure 23.8 
Figures 5 and 6 from Röder et al. 2014, © 2014 Röder et al. 

Localization of SGLT1 from sglt1+/+ 
wild-type but not sglt1-/- mice



Immunostained jejunum epithelial cells showing 
localization of glucose transport proteins (red) and 

cell nuclei (blue)

Figure 23.8 
Figures 5 and 6 from Röder et al. 2014, © 2014 Röder et al. 

Localization of GLUT2 from wild-type 
glut2+/+ but not glut2-/- mice



Prout 
(Stomach)

Muallem 
(Parietal cell)

Roder 
(Absorption)





When you are eating a Krispy Kreme donut, describe the process of 
digestion in the Oral Cavity (mouth). 

  
What hormones -> stimulate which cells -> to secrete what enzymes (or 

perform what mechanical actions) -> to digest what food molecules?

Digestion: Oral Cavity

VF



Digestion: Oral Cavity

 The mouth and esophagus 

• Salivary amylase begins the process of carbohydrate digestion (starch 
i.e. amylose). 

• Lingual lipase initiates fat (i.e. lipid) digestion. 

• Hormones: (kinda) neurotransmitter via nerves from brain 

• other? Buffers, mucous, mechanical, antibacterial compounds 

• A combination of smooth and skeletal muscle moves food down  
the esophagus by peristalsis.

VF



End of esophagus

Sphincter seals off 
stomach from esophagus

Sphincter seals off 
stomach from small 
intestine

Lumen 
(interior)

Beginning of 
small intestine

Layers 
of muscle

Stomach



Canal empties to lumen

Parietal cells 
(secrete HCl)

Chief cells 
(secrete pepsinogen)

Stomach lining



HCO3– HCO3–

Cl–

To blood

From blood

H2CO3

H+

Chloride channel

Cl–

Cl– Cl–

H+

HCl 
to lumen

Canal empties 
to lumenParietal cell

Secretion of HCI by parietal cells

CO2 + H2O

ATP



Stomach -Enzymes, Hormones, other?
•Enzymes: pepsinogen (inactive)-> pepsin (protease) 
from chief cells 

•Other: HCl from parietal cells-> denature ECM, 
bacteria, activator of pepsin 
•Other: Mucins/mucus protective from goblet or 
mucus cells 
•Other: mechanical churning -> acid chyme 

•Hormones: Gastrin (+), CCK/secretin (-), 
enterogastrone (-- pyloric sphinct)



Digestion

• The hormone cholecystokinin (CCK) released from the duodenum into the 
bloodstream soon stimulates the secretion of enzymes from the pancreas and 
bile salts from the gall bladder, into the small intestine.  

• Bile salts emulsify fats (lipids) so they can be digested by the enzyme lipase 
secreted by the pancreas. 

• The epithelium of the small intestine is highly folded, and have fingerlike 
projections called microvilli which provide a large surface area for absorption of 
food into the body and bloodstream.

 The small intestine



1. Large fat 
globules.

Monoglycerides

Fatty 
acids

2. Bile salts emulsify. 3. Small fat droplets. 4. Lipase 
digests.

Lipase

Lipase

Glycerol

Fatty  
acids



Absorption



Absorption



Lumen of small intestine

Na+

Glucose

Na+/glucose 
cotransporter

GLUT-2 
transport 
protein

Na+/K+-ATPase
K+

K+

Blood

Osmosis

H2O
Osmosis

ATP

ADP

Glucose

Basolateral side

Apical side

H2O

Na+

Absorption



Absorption +


