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In the mouth, the teeth grind and crush food into small particles,
while the food mass Is simultaneously moistened and lubricated
by saliva.

Three pairs of salivary glands; the parotid, submaxillary,

and sublingual glands; produce approximately 1.5 L of
saliva daily.
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Serous saliva, contain salivary amylase (ptyalin) and lipase,
which minimally digest starch and fat, respectively.

The salivary amylase becomes inactive when it reaches the
acidic contents of the stomach.

Mucosal saliva contains mucus, a protein that causes
particles of food to stick together and lubricates the mass for
swallowing.
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The masticated food mass, or bolus, Is passed back to the
pharynx under voluntary control, but throughout the esophagus
the process of swallowing (deglutition) is involuntary;
peristalsis then moves the food rapidly into the stomach.
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Fig. 42.3. Regional organization of the stomach and proximal duode-
num. (Reprinted with permission from Yamada T, Alpers DH, Owyang
C et al, eds. Textbook of Gastroenterology. 2nd ed. Philadelphia: JB
Lippincott, 1991:1304.)



Food particles are propelled forward and mixed with gastric
secretions by wavelike contractions.

On average, 2000 to 2500 mL of gastric juice is secreted daily,
which contains hydrochloric acid (secreted by the parietal
cells in the walls of the fundus and corpus), a protease,
gastric lipase, mucus, intrinsic factor (a glycoprotein that
facilitates vitamin B, absorption in the ileum), and the Gl
hormone gastrin.



The gastric protease is pepsin and is secreted from chief cells
of gastric glands in the fundus and corpus In an inactive
form, pepsinogen, which is converted by hydrochloric acid
to its active form (i.e. pepsin).

Pepsin is active only in the acid environment of the stomach and
changes the shape and size of some of the proteins in a normal
meal.
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Gastric lipase, which Is an acid-stable enzyme secreted by
chief cells, is more specific for triglycerides composed of
medium- and SCFAs and, like lingual lipase, is considerably
less active than pancreatic lipase.

In general, lingual and gastric lipases may have a relatively
Important role in the liquid diet of infants; but, when pancreatic
Insufficiency occurs, it becomes apparent that they are not
sufficient to prevent lipid malabsorption.
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In the process of gastric digestion, most of the food becomes
semiliquid chyme, which is 50% water.

Gastric secretions are also important in increasing the
availability and downstream absorption of vitamin BI2,

calcium, iron, and zinc.



IR ry el GASTRIC CELL SECRETORY PRODUCTS AND
FUNCTION

CELL TYPE PRODUCT FUNCTION

Surface cells Mucus Lubrication

Neck cells Bicarbonate Protection
Trefoil peptides

Parietal cells Hydrogen ion Protein digestion

Intrinsic factor

Chief cells Pepsinogen
Gastric lipase

Endocrine cells Gastrin
Histamine
Somatostatin

Binding of cobalamin
(vitamin Bq3)

Protein digestion
when activated
Triglyceride digestion,
not requiring bile salt,
MCT = LCT

Release of histamine
Stimulation of acid
secretion

Inhibition of acid
secretion

LCT, long-chain triglyceride; MCT, medium-chain triglyceride.



Normally, the combined actions of very low pH (ranging
from 1 to 4) of stomach and its proteolytic enzymes result in
a significant reduction In the concentration of
microorganisms ingested with food.

Yet, some microbes may escape and enter the intestine if
consumed In sufficient concentrations or if achlorhydria,
gastrectomy, Gl dysfunction or disease, poor nutrition, or drugs
that suppress acid secretions are present; leading to increased
risk of bacterial overgrowth in the intestine.



The stomach continuously mixes and churns food and

normally releases the food mixture in small quantities into
the small intestine.

The presence of food in the intestine and regulatory hormones
provide feedback to slow gastric emptying.
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o A peristalic contraction originates in the upper fundus
and sweeps down toward the pyloric sphincter.

e The contraction becomes more vigorous as it reaches
the thick-muscled antrum.

o The strong antral peristalic contraction propels the
chyme forward.

o A small portion of chyme is pushed through the partially
open sphincter into the duodenum. The stronger the
antral contraction, the more chyme is emptied with each
contractile wave.

Peristaltic
contraction

Gastric mixing

e When the peristaltic contraction reaches the pyloric

sphincter, the sphincter is tightly closed and no further
emptying takes place.

o When chyme that was being propelled forward hits

the closed sphincter, it is tossed back into the antrum.
Mixing of chyme is accomplished as chyme is
propelled forward and tossed back into the antrum
with each peristaltic contraction.



In the stomach, most of a liquid meal empties within 1 to 2
hours, and most of a solid meal empties within 2 to 3 hours.

When eaten alone, carbohydrates leave the stomach the
most rapidly, followed by protein, fat, and fibrous food.

In general, large particles leave the stomach more slowly than
small particles, and concentrated foods tend to empty more
slowly than low-calorie meals.

In a meal with mixed types of foods, emptying of the stomach
depends on the overall volume and characteristics of the foods.
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Factors Influencing Gastric
Emptyving Rate

Increased | Decreased

Physiologic Factors
Liquids=
Salids, fat, amino acids

Posture [prone, right side]
Pathologic Factors

Trauma, pain, labar

Muocardial infarcion, diabetes mellitus

Migraine

Increased intracranial preszure

5] obstructon
Pharmacologic Factors

Anticholinergics, narcotics, alcohal

Metoclopramide
Sodiurn bicarbonate

Aluminurn, magnesiurm hydroside



The lower esophageal sphincter (LES) prevents reflux of
gastric contents into the esophagus.

The pyloric sphincter helps regulate the exit of gastric
contents, preventing backflow of chyme from the duodenum
Into the stomach.

Emotional changes, food, GI regulators, and irritation from
nearby ulcers may alter the performance of these strictures (e.g.
certain foods and beverages may lower LES pressure, permitting
reflux of stomach contents back into the esophagus).
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The small intestine is a 7 m long organ divided into the
duodenum, the jejunum, and the ileum.

The duodenum is approximately 0.5 m long, the jejunum is 2 to
3 m, and the ileum is 3 to 4 m.

Most of the digestion is completed in the duodenum and upper
jejunum, and the absorption of most nutrients is completed by
the time the material reaches the middle of the jejunum.
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The acidic chyme from the stomach enters the duodenum,
where it iIs neutralized by duodenal juices and the
bicarbonate-containing secretions from the pancreas and
biliary tract.

This Is extremely necessary for the function of the enzymes of
the small intestine and pancreas, because they operate more
effectively in a more neutral pH.
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The entry of partially digested foods also stimulates the release
of several hormones that Iin turn stimulate the secretion of
enzymes and fluids (e.g. bile) and affect GI motility and satiety.

Bile, which is predominantly a mixture of water, bile salts,
pigments, and cholesterol, is secreted from the liver, stored
In the gallbladder, and released into the duodenum.

Through their surfactant properties, the bile salts facilitate the
digestion and absorption of lipids, cholesterol, and fat-soluble
vitamins.



Bile is secreted by the liver, stored in the gall
bladder and ejected into the small intestine
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The major pancreatic lipid-digesting enzymes are lipase and colipase.
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The major pancreatic proteolytic enzymes are trypsin,
chymotrypsin, carboxypeptidase, aminopeptidase,
ribonuclease, and deoxyribonuclease.
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PROTEASE FUNCTION

Endopeptidases
Trypsin Cleaves internal bonds at
lysine or arginine residues
and cleaves other pancreatic

proenzymes
Chymotrypsin Cleaves bonds at aromatic or

neutral amino acid residues
Elastase Cleaves bonds at aliphatic

amino acid residues

Exopeptidases
Carboxypeptidase A Cleaves aromatic amino
acids from carboxy terminal

end of protein and peptides

Carboxypeptidase B Cleaves arginine or lysine
from carboxy terminal end
of proteins and peptides




Trypsin

R H O R O
+
&NJ\(N\)J}) + HQO ———————— &NJ\H/O_ + HSN\)g)
H H
@) R' 0] R'

Polypeptide Polypeptide fragments
R = Arg and Lys

Chymotrypsin
R T @) R O
+
&Nkﬂ/N\)J}) + Hzo _— &N/kﬂ/o_ + HSN\)S)
H H
®) R' O R’
Polypeptide Polypeptide fragments

R = Phe, Trp, and Tyr; R' # Pro



Ry, upgians Y W,
M—c—c—u—c—of v B > Mu—c—<e v G-’
|| L %® | L, %@
R H Ch R GHe
OH OH

Carboxypeptidase B

SUS ISP S §

m s
m (118

Polypeptide (n residues) Polypeptide (n-1 residues)  Amino Acid
R' = Arg, Lys, and ornithine

o CHg
I H I
HoN c_ . ,—~__-N C 2 ——CH
ji H I \EH HH I
HsC CHg OH

o CH

HoN & H N e L _on
+ H Il b HHA T
o o



5'

Ribonuclease A Ribonuclease T1

s Y

(@) o]
P
/}/ Base A 8 /}/
O 7S o Osp o
-0~ So -O
Base A O OH Base A

o O\\P/

<3 -0~ TOH

(@] O OH
i
-0 fo) + HO —M = - + H,O —mM=
Base B Base B
@]
5' OH
O OH Base B o OH
ﬁa/ O _ \
O
Sf\ O~__0O OH 3 g{\
_o/ \o
3' gf\
Ribonucleic Acid 3'-Phosphate nucleotides Ribonucleic Acid
Base A = Cytosine or Uracil Base A = Guanine

Deoxyribonuclease |

O~ __©O
‘O>\O + HO ——
Base B H
o 5 O\ /o
O~__0O Base B
_O/ \O
3' g/\ O\ O
-o \o

Deoxyribonucleic Acid 5'-Phosphate nucleotides

s

O._.©O
-07 o
Base A
O
o\\F./O OH
3 _o/ \OH
+
5! OH
Base B
(@)

o)
~o
" .

3'-Phosphate nucleotides



Trypsin and chymotrypsin are secreted in their inactive forms and are
activated by enterokinase (also known as enteropeptidase), which is

secreted when chyme contacts the intestinal mucosa.
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Pancreatic amylase hydrolyzes large starch molecules into
units of approximately two to six sugars.

Enzymes lining the brush border of the villi further break
down the carbohydrate molecules into monosaccharides
before absorption.

Resistant starches and most ingested dietary fiber escape
digestion in the small intestine and add to fibrous material
available for fermentation by colonic microbes.
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Intestinal contents move along the small intestine at a rate of 1
cm per minute, taking from 3 to 8 hours to travel through the
entire intestine to the ileocecal valve.

The ileocecal valve, limits the amount of intestinal material
passed back and forth from the small intestine to the colon.

A damaged or nonfunctional ileocecal valve results in the entry
of significant amounts of fluid and substrate into the colon and
Increased chance for microbial overgrowth.
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