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The Digestive System
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\ Introduction

The purpose of this chapter is to
Identify the anatomical components of the

digestive system

as well as their functions

Discuss neural control of the digestive system

Compare and co
digestion

ntrast mechanical and chemical

Discuss the effects of again and disease on the

digestive system
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\ Organs of the Digestive System

Liver

Duodenum
Gallbladder
Jejunum

Ascending colon

lleum

Cecum

Appendix

Parotid gland ——— . !
(salivary gland)

Submandibular gland
(salivary gland) -

Esophagus

Mouth (oral cavity)

contains teeth
and tongue

SUPERIOR

Sublingual gland
(salivary gland)
Pharynx
Falciform
ligament
Liver

Gallbladder
Stomach Ascending
Pancreas
Transverse
colon
Descending
colon
Sigmoid
colon
Rectum

W

(b) Anterior view

Anal canal
Anus

(a) Right lateral view of head and neck and anterior view of trunk
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\ Digestive System Overview
Anatomy Overview:

= Digestive System: Overview

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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| Digestive System Histology
Anatomy Overview:

= Digestive System Histology

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ Gastrointestinal (Gl) Tract

The Gl tract is long tube that is open at both
ends for the transit of food during processing

= Named portions of the tube include the
esophagus, stomach, small intestine, large
intestine, and rectum




\ Accessory Structures

Accessory structures are not part of the Gl
tract, but they do contribute to food
processing

= Accessory structures include the teeth, tongue,
salivary glands, liver, gall bladder, and pancreas

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved
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Digestive Processes

There are 6 basic processes involved in
digestion

FUNCTIONS OF THE DIGESTIVE SYSTEM

. Ingestion: taking food into mouth. 4. Digestion: mechanical and
. Secretion: release of water, acid, chemical breakdown of food.
buffers, and enzymes into lumen 5. Absorption: passage of digested

of Gl tract. products from Gl tract into

. Mixing and propulsion: churning blood and lymph.
and movement of food through 6. Defecation: elimination of feces
Gl tract. from Gl tract.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Layers of the GI Tract

ZIL
2 W/ Mesentery
Submucosal plexus é

(plexus of Meissner)

Gland in
mucosa
Duct of gland Glands in
outside tract submucosa
(such as /
pancreas)

Mucosa-associated
lymphatic tissue

(MALT)

Lumen

MUCOSA: - : / -

Comina ropria —— 4 B

Muscularis mucosae i

SUBMUCOSA
Ciarmasie ’ s e

Longitudinal muscle Epithelium
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\ Neural Innervation of the Gut

Enteric Nervous System
= Submucosal plexus
= Myenteric plexus
Autonomic Nervous System
= Parasympathetic
= Sympathetic

4/21/2017

\ Neural Regulation of Digestion

Interactions Animation:

= Mechanical Digestion in the
Gastrointestinal Tract
Neural Regulation: Animation sections
1.1-2.4

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wile

\ Gl Reflex Pathways

Gl reflex pathways regulate Gl secretion and
motility in response to stimuli within the Gl
tract




Peritoneum

The peritoneum is the largest serous
membrane in the body

Diaphragm ——

Liver

— Midsagittal pancreas
plane Stomach

LESSER OMENTUM

Duodenum MESOCOLON
Transverse colon

MESENTERY
Jejunum

GREATER OMENTUM

lleum
PARIETAL PERITONEUM
Sigmoid colon
VISCERAL PERITONEUM

PERITONEAL CAVITY

Uterus
Urinary bladder
Rectum

Pubic symphysis
POSTERIOR ANTERIOR

(a) Midsagittal section showing the peritoneal folds
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Peritoneum

Gallbladder
lifted d)
(iied upward) LESSER
FALCIFORM LIGAMENT OMENTUM
Liver
Stomach Duodenum
Transverse colon Transverse Descending
colon
GREATER
Ascending
OMENTUM Ascer

Sigmoid
colon

Urinary bladder

(¢) Lesser omentum, anterior view
(b) Anterior view (iiver and gallbladder lifted)

Peritoneum

SUPERIOR

L GREATEROMENTUM
S (lifted upward)

Transverse
colon

Jejunum (pulled laterally)
MESENTERY

Descending colon
lleum (pulled laterally)

Lungs

Heart

Diaphragm
Right lobe of liver

FALCIFORM LIGAMENT
Left lobe of liver

Sigmoid colon

Urinary bladder

(d) Anterior view (greater omentum
lifted and small intestine moved

to right side) (e) Anterior view
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| Mouth

The mouth is formed by the cheeks, hard
and soft palates, and tongue

Superior p (ited upwiard)
- SUPERIOR LABIAL FRENULUM attaches superior ip to gum

Gingivas (gums)

HARD PALATE (bony) forms
most of the root of the mouth.
‘SOFT PALATE (muscular) forms
the rest of the mouth's ool
UVULA prevents swallowed food
from entering the nasal cavity.
CHEEK forms lateral wall of ——_
oral cavity.

FAUGES is the opening between the oral cavity and oropharynx.
Palatoglossal arch

Palatopharyngeal arch

Palatine tonsil (between the arches)

TONGUE (lifted upward) forms the floor of the mouth,
manipulates food for chewing and swallowing, shapes food,
and senses taste,

LINGUAL FRENULUM limits movement of the tongue posteriorly.
Opening of duct of submandibular gland

MOLARS grind food.

N oA
INeIseRsiasided / i A INFERIOR LABIAL FRENULUM attaches inferior lip to gum.
ORAL VESTIBULE is the space — oo dbdns]

between the cheeks, lips, gums,
and teeth Anterior view
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\ Salivary Glands

Salivary glands lie outside the mouth and
empty their contents into ducts which deliver
saliva into the oral cavity
3 pairs:

1. Parotid

2. Submandibular

3. Sublingual

Copyright

\ Sdlivary Glands

PAROTID DUCT
Zygomatic arch

PAROTID GLAND

OPENING OF PAROTID DUCT
(near second maxilary molar)

Second maxillary molar tooth
Tongue (raised in mouth)
Lingual frenulum

| \ LESSER SUBLINGUAL DUCTS

SUBMANDIBULAR DUCT

SUBLINGUAL GLAND

Mylohyoid muscle Mucous <2

() Location of salivary glands

Serous
acini

PGS

(b) Portion of submandibular gland
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\ Tongue

= The tongue, together with associated
muscle, forms the floor of the oral cavity

= Composed of skeletal muscle covered with
mucous membrane

= Participates in chewing, swallowing, and
speech

= The upper and lateral surfaces of the
tongue are covered with papillae, some of
which contain taste buds

Wiley & Sons, Inc. All rights reserved
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| Teeth

The teeth project into the mouth and are

adapted for mechanical digestion

LA — sagittal ENAMEL (made of calcium salts)

{ ) lane F protects the tooth from wear and tear.

et o] W g\?&EEJ;“u;ﬁi‘;"m‘iniﬁcziiﬁfl::fﬁ
) ;

Gingival sulcus

PULP CAVITY contains pulp (connective
tissue containing nerves and blood vessels)

NECK —E

A\
L+ | CEMENTUM is a bone-lie substance that
[T0a | attaches the root to the periodontal ligament.
ROOT CANAL is an extension of the pulp
cavity that contains nerves and blood vessels.
7 Alveolar bone
\,-:’k,/ PERIODONTAL LIGAMENT helps anchor

the tooth to the underlying bone.
APICAL FORAMEN is an opening at the base
of a root canal through which blood vessels,
lymphatic vessels, and nerves enter a tooth.
== Nerve
Blood supply

ROOT —|

Sagittal section of a mandibular (lower) molar

ey & Sons, Inc. All rights r
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| Teeth

Gentral incisor (7-8 yr.)
Lateral incisor (8-9 yr.)
Canine
(1-12yr)
First premolar or
bicuspid (910 yr.)
Second premolar or
bicuspid (10-12 yr)
First molar
(67 yr)
- Second molar
j\ (12-13yr)
L Third molar or

/ wisdom tooth

Central incisor
(8-12mo.)
Lateral incisor
(12-24mo) \
Ganine —YBE
(16-24 mo) AL
A
First molar /,j[(’ ) LN
2-16mo) ({5 ]xUpper Teamn ()
Second molar ‘ -

(24-32mo) N ~

\ (17-21y1)
Second molar ~\ . Third molar or
(24-32 mo.) \IK?Y o wisdom tooth
First molar \K;)\ Teoth (17-21yr)
(12-16 mo.) 9 ﬁs;‘c:;gyr?)ulav

Canine PON,
(16-24mo)) st molr
Lateral incisor (67yr)
(12-15 mo) Second premolar or
Central incisor bicuspid (11-12 yr.)
First premolar or
(6-8mo)
bicuspid (9-10 yr.)
(a) Deciduous (primary) dentition; teeth
are designated by letters \ i
Lateralincisor (7-8 yr.)

Gentral incisor (7-8 yr.)

(b) Permanent (secondary) dentition; teeth
are designated by numbers

Wiley & Sons, Inc. All rights reserved.
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| Mechanical and Chemical Digestion in
the Mouth

Mechanical digestion

= Chewing mixes food with saliva and forms a bolus
which can be easily swallowed

Chemical digestion

= Salivary amylase converts polysaccharides to
disaccharides

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Mechanica Digestion: Mastication
(chewing)

Interactions Animation:

= Mechanical Digestion in the
Gastrointestinal Tract
Mastication: Animation section 3.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

Summary of Digestive Activities in the Mouth

STRUCTURE AcTIVITY RESULT

Cheeks and lips

salivary glands
Tongue
Extrinsic tongue muscles

Intrinsic tongue muscles
Taste buds

Lingual glands
Teeth

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved




\ Pharynx

The pharynx is a funnel shaped tube that
extends from the internal nares to the
esophagus posteriorly and the larynx

Copyright © 2014 John Wi
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Pharynx

The pharynx is a funnel shaped tube that is
composed of skeletal muscle and lined with
mucous membrane

\ Esophagus
= The esophagus is Laman ot spras B

a collapsible, o
muscular tube ’,. iy
that lies posterior /| — e M
to the trachea FUBMACOSA
and connects the rouat e
pharynx to the
stomach

MUSCULARIS
(longitudinal layer)

ADVENTITIA

[ 20x
Wall of the esophagus

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved




\ Deglutition

The tongue shapes the
chewed, lubricated food
(bolus) and moves it o the &

back of the mouth cavty. ﬁ

Nasopharynx
Hard palate
Soft palate
Uwila

Oropharynx §
oot «The tongue rises against the
Pigl Tl palate and closes the

Laryngopharynx i nasopharynx,

| «The uvula and palate seal off
Larynx the nasal cavity.

l} «The epiglotis covers the
Esophagus L Breathing is temporarily

" interrupted.
(a) Position of structures during voluntary stage (b) Pharyngeal stage of swallowing
Copyright © 2014 John Wiley & Sons, Inc. All righs reserved
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\ Deglutition

Esophagus
] Relaxed
i muscularis

f/ )
f|_— Circular muscles |
{ contract

Longitudinal Lower
muscles esophageal
contract sphincter

(c) Esophageal stage of swallowing

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

| Mechanical Digestion: Deglutition
(swallowing)

Interactions Animation:

= Mechanical Digestion in the

Gastrointestinal Tract
Deglutition: Animation section 4.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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TABLE 24

Summary of Digestive Activities in the Pharynx and Esophagus

STRUCTURE  ACTIVITY RESULT
Pharynx Pharyngeal stage of deglutiion. Moves bolus f c
passagevays.
Esophagus Relaxation of upper esophageal sphincter Permits entry of bolusfrom laryngopharyn into esophagus
Esophageal 2 i Pushes bolus d i
Relaation of lower esophageal sphincter. Permits entry of bolus into stomach.

Secretion of mucus. Lubricates esophagus for smooth passage of bolus.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Stomach

The stomach is a J-shaped enlargement of
the Gl tract

/ Esophagus
FUNDUS
Lower
esophageal
sphinctor Seéods
RO 3 Muscularis:
Longitudinal tayar

BODY
Lasser

cunalice 5 Circularlayor
PYLORUS v \
" ) Oblique layer

Greater curvalure

Duodenum
{first portion
of smail

Intestino} eic Rugae of mucosa
GANAL  PYLORIC ANTRUM

(8) Anterior view of regions.of stomach

014 John Wiley & S All

\ Internal Anatomy of the Stomach

~ Esophagus — E

Duodenum

Iy 7\
\
\

PYLORUS
Pyloric sphincter

Lesser

PYLORIC CANAL curvature

PYLORIC ANTRUM

Greater curvature

Dissecton Shawn Miller,
Photograph Mark Nielsen

(b) Anterior view of internal anatomy

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Functions of the Stomach

FUNCTIONS OF THE STOMACH

1. Mixes saliva, food, and gastric denatures proteins), pepsin

juice to form chyme. (begins the digestion of
proteins), intrinsic factor (aids
absorption of vitamin B;,), and
gastric lipase (aids digestion of
triglycerides).

2. Serves as reservoir for food
before release into small
intestine.

3. Secretes gastric juice, which
contains HCl (kills bacteria and 4. Secretes gastrin into blood.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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 Histol ogy of the Stomach

Lumen of stomach

Gastric pits

Surface mucous
cell

Lamina
propria

Mucous neck cel
\f/)? Parietal cell
Ghief cell

Gastric glands

I MUCOSA

Lymphatic nodule |- SUBMUCOSA

Muscularis mucosae

Lymphatic vessel
Venule [~ MUSCULARIS

Arteriole

Oblique layer of muscle
Gircular layer of muscle RO

Enteric neurons
in muscularis
Longitudinal
layer of muscle

(a) Three-dimensional view of layers of stomach

opyright © 2014 J

viley & Sons, Inc. Al rights reserved.

| Gastric Glands and Cell Typesin the
Stomach

Surface mucous cells

S GASTRIC PIT
£ SURFACE MUCOUS CELL
H g (secretes mucus)
H Mo
) H MUCOUS NECK CELL
D avout aox Lamina (secretes mucus)
Stomach mucosa propria
PARIETAL CELL
(secretes hydrochloric
acid and intrinsic factor)
GASTRIC
GLANDS
CHIEF CELL (secretes
pepsinogen and
gastric lipase)
G CELL (secretes
Muscularis the hormone gastrin)
mucosae \[ PeswrwmsITAD
a—
Submucosa -

(b) Sectional view of the stomach mucosa showing gastric glands and cell types

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Secretion and Regulation of HCI in the
Stomach

Lumen of Interstitial
Chyme in Blood capillary stomach fluid
stomach lumen in lamina propria.
,521»; ADP. Acetylcholine
. (ACh)
i ACh receptor
el o = \
&_\t0+00, —>nco—>rco; H +HCI* Parietal cell EGN""
secretion N
( » . Gastrin
. L receptor
Py et 5 )
e - roical” Hetarino
2soltera membrane Histamine
vane| receptor
tial
3
Key:

)8{ Proton pump cA Carbonic anhydrase

(H'—K" ATPase)

P > Diffusion
K (potassium ion)
T channel Heos
HCO, ~CI antiporter
= Cr (chloride ion)

Copyright © 2014 John W

Sons, Inc. All rights reserved
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\ Mechanica Digestion: Stomach
Peristalsis
Interactions Animation:
= Mechanical Digestion in the
Gastrointestinal Tract

Stomach Peristalsis and Enterogastric
Reflex: Animation sections 5.1 and 6.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

TABLE 24.3
Summary of Digestive Activities in the Stomach
STRUCTURE  ACTIVITY  RESULT
Mucosa
Surface mucous  Sccrte mucus.
cels and mucous
neck cell
Absorpion
Parietalcells  Sccreteininsic Newded forabsorption of viamin
factor B,
Secrete
hydrochloric
aid
Chiefcels Secrete Pepsin (actvatedform) breaks
pepsinogen.  down protinsinto pepids.
Sccrete gaic :
lipase
G cols Secrete gastin,
moily of stomach,
pyorc sphincte,
Masculars
Pyloric Opens topermit
sphincter passage of
duodenum.  duodenum to somach,
Copyright © 2014 & Sons, Inc. All rights reserved.
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‘ Pancreas

The pancreas:
= |s a gland that lies posterior to the stomach

= Produces enzymes that digest carbohydrates,
proteins, fats, and nucleic acids

= Produces sodium bicarbonate which buffers
stomach acid

= Empties its contents into the duodenum

SUPERIOR

Tail o pancreas
Duodenum
Common bile duct - =20 Body of pancreas

Pancreatic duct

Major duodenal
papila (duct of Wirsung)

Head of pancreas

MEDIAL  pctnsim
P (e) Anterior view

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Pancreas, Liver, and Gallbladder

Falciform ligament

Diaphragm
o e,
< obe o ( e Coronary .
/ Y . ligament  Common bile duct Pancreatic duct
9 Lo of I (duct of Wirsung)
d ¢ Hepatopancreatic
Y f Left hepatic duct ampulla (ampulla
of Vater)

Gallbladder Common hepatic duct
Neck

Body

L£—

— A
Round ligament Mucosa

Common bile duct of duodenum

Fundus

Pancreatic duct

Duodenum i Major
(:::; of Wirsung)  3or
Accessory duct ot 9 N papilla
(duct of Santorini) 3 Jejunum
Hepatopancreatic \ M =
ampulla (ampulla ‘ ,, Uncinate process Sphincter of the hepatopancreatic
_— ampulla (sphincter of Oddi)
(a) Anterior view (b) Details of hepatopancreatic ampulla

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.

| Pancreas, Liver, and Gallbladder

Falciform
ligament

Liver Diaphragm

Hepatic

duct» Spleen

Cystic

duct

Gallbladder Tail of
Common bile RENSIEED

duct Pancreatic duct

Major duodenal (duct of Wirsung)

papilla Body of
pancreas

Duodenum Head of
pancreas

Dissecton Shawn Miller,
Photograph Mark lilsen

(d) Anterior view

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Liver and Gallbladder

= The liver makes bile, |§;ggn hepatio Lefthepatc
important in the
emulsification of fats

= The gallbladder

stores bile until it is =
needed \

Common bile duct

—
| Pancreatic duct |
from pancreas

Key: femes

[ Liver Sphincter

[ Gallbladder

"I Pancreas Duodenum

(c) Ducts carrying bile from liver and gallbladder and
pancreatic juice from pancreas to the duodenum

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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| Histology of the Liver

The liver is composed of hepatocytes, bile
canaliculi, and hepatic sinusoids

Inferior vena cava.
Hepatic artery
Hepatic portal vein

Bile canalicul

Hepati

Central  To hepatic ~ sinusoid Portal triad:

vein _vein Bile duct

ﬁ:;;n:clwe{l Hepatooyte ypan _ awle ite
laminag

Branch of
Portal triad: hepatic portal
Bile duct
hepatic artery
Hepatic
laminae

of hepatic Hepatooyte

portal vein . A Stellate
entral vein N 2 reticuloondotholial
b < (Kupffer) cel

Connective
tissue

sinusoids

{a) Overview of histol

ical components of ivor (b) Details of histological components of liver

)14 John

Copyright ©

y & Sons, Inc. All rights d

\ Histology of the Liver

Hepatocyte

Central vein

Hepatic sinusoid

Portal tri

Branch of hepatic artery
Bile duct

Branch of hepatic portal vein
&Y

o

(c) Photomicrographs

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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\ Hepatic Acinus Model of Liver
Function

4/21/2017

| Blood Supply of the Liver

NUTRIENT-RICH,
@ | DEOXYGENATED BLOOD
FROM HEPATIC PORTAL VEIN

‘%
g
b
H

H
]
i
H

| Functions of the Liver and Gallbladder

Carbohydrate, lipid, and protein
metabolism

= Processing of drugs and hormones
Bilirubin excretion

= Bile salt synthesis

= Storage

= Phagocytosis

= Vitamin D activation

16



| Small Intestine (SI)

The majority of digestion and absorption
occur in the small intestine

SMALL INTENSTINE:

- | Stomach
DUODENUM —————————=

Large
intestine

(a) Anterior view of external anatomy

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Circular Foldsin the SI

Circular folds increase the surface area for
digestion and absorption in the small
intestine

TSR
j ;e;ﬁ"‘\‘ !

N
)

Circular folds
(plicae circulares)

& Sons, Inc. All rights reserved
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Histology of the S|

Lumen of small intestine

Blood | acteal Vil Opening of
capillary intestinal gland
.  gland_

Absorptive cell

Goblet cell
Lacteal
Lamina proptia L mucosa
Enteroendocrine cell
Paneth cell
Lymphatic nodule

Muscularis mucosae ——— gl
s

Arteriole

Venue ——— L

Lymphatic vessel
Circular layer of muscle

{— SUBMUCOSA

— MUSCULARIS

Myenteric plexus SEROSA

Longitudinal layer o — /
of muscle = o

(b) Three-dimensional view of layers of the small intestine showing vill

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Intestinal Juice and Brush Border
Enzymes

= Intestinal juice provides a vehicle for
absorption of substances from chyme as
they come in contact with the villi

= Brush border enzymes, found on the
surfaces of the microvilli of absorptive
cells, break down food products

4/21/2017

Lumen of
Brush border
Goblet cell

Absorptive cell

Lamina propria

Intestinal glands

Makilen

asx " ox
(a) Wall of the duodenum (b) Several vil from the duodenum

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

\ Mechanical Digestion in the S|

Segmentation

= Localized contractions
Peristalsis

= Propulsive contractions

18



\ Mechanical Digestion: Segmentation
and Migrating Motility Complexes

Interactions Animation:

= Mechanical Digestion in the
Gastrointestinal Tract
Segmentation and MMCs and Gastroileal
Reflex: Animation section 7.1 and 8.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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\ Chemical Digestion in the Sl

Digestion of:
= Carbohydrates
= Proteins
= Lipids
= Nucleic Acids

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved

TABLE 24.4

Summary of Digestive Activities in the Pancreas, Liver, Gallbladder, and Small Intestine

STRUCTURE AcTiviTy
Pancreas Delivers pancreati juice via pancreatic duet to assist Table 24.5 for pancreatic
enzymes and their functions)
Liver Produces salt) necessary for e d b of lipids.
Gallbladder i irates, and delivers bile a bl duct.
Smallintestine Major site of dig ‘nutrents and water
Mucosa/submucosa
Intestinal glands Secrete intestinal juice to assist absorption.
D a
Goblet cells Secrete mucus.
(5. CCK.K)  glucose-depends pic pep
Paneth cells Secrete lysozyme (bactericidal enzyme) and phagocstosis
s) glands fluid to buff acids, and mucus for protection and lubrication.
Circular folds Folds of mucosa and sub that area for digestion and absorpt
villi Fingerlike projections of mucosa that are sites of absorption of digested food and increase surface area for digestion
and absorption.
Microvilli covered projections of el that contain brush-border enzymes (listed

inTuble 24.5) and that increase surface area for dig

on and absorption.
Muscularis

rs that
juices and brings food into contact with

Segmentation Type of perisals muscle
rescgmentation of scctons of smallintstine; mixes chyme with diges
mucosa for sbsorption.

Wigrating motlity complex Type of peristasis:

MmO ength of the small

of contraction and relaxation of circular and longitudinal smooth muscle fbers passing the.

e; moves chyme toward ileocecal sphincter.

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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TABLE 24.5

Summary of Digestive Enzymes

ENZYME

SALIVA

Salivary amylase

Lingual lipase

GASTRIC JUICE

Pepsin (activated from
pepsinogen by pepsin and
hydrochloric acid)

Gastriclipase

SOURCE

Salivary glands.

Lingual glands in tongae.

Stomach chief cell.

Stomach chief cells

Copyright © 201

SUBSTRATES PRODUCTS
maltotriose (irisaccharide), and
adextrins,

Triglycerides (fas and.oils) and other Faty acid: i

lipids.

Proteins. Peptides.

Triglycerides (fats and oils)

ey & Sons, Inc. Al rights reserved.

Fatty acids and mor

lycerides.

4/21/2017

Summary of Digestive Enzymes

ENZYME
PANCREATIC JUICE

Pancreatic amylase

Trypsin (activated from
trypsinogen by enterokinase)

Chymotrypsin (activated from
chymotrypsinogen by trypsin)

ivated from
proclastase by trypsin)

Carboxypeptidase (activated
from procarboxypeptidase
by trypsin)

Pancreaticlipase

Nudleases.

Ribonuclease

SOURCE SUBSTRATES PRODUCTS
maltotriose (wisaccharide), and
adextrins,

Pancreatic acinar cells, Proteins. Peptides.

Pancreatic acinsr cells, Proteins. Peptides.

2 Proteins. Peptides.
Pancreatic acinsr cells, cid cids and peptides.
of peptides.

Pancreatic acinar cells,

Pancreatic acinar cells,

Trighycerides (Tats and oils)
that have been emulsified by bile sals.

Ribonucleic acid.

Copyright

Wiley & Sons, Inc. All rights res

Fatty acids and monoglycerides.

Nucleorides.

Nucleotides.

TABLE 24.

Summary of Digestive Enzymes

ENZYME

SOURCE

BRUSH-BORDER ENZYMES IN MICROVILLI PLASMA MEMBRANE

a-Dextrinase
Maltase
Sucrase
Lactase

Enterokinase

Smallinestine.
Smallinestine.
Smallinestine.
Smallinestin.

Somall intestine.

SUBSTRATES

a Dextrins
Maltose
Sucrose.
Liuctose.

Trypsinogen.

PRODUCTS

Glucose,
Glucose

Gilucose and fructose.
Glucose and galactose.

Teypsin,

Peptidases
Aminopeptidase Smallinestine. Amino scid at amino end of peplides Amino acids und pepides.
ipeptidase Smallinestine. Dipeprides. Amino acids.
Nudeosidases and Small intestine Nucleotides Nitrogenous bases, pentoses, and
phosphatases phosphites
Copyright © 201 iley & Sons, Inc. All rights reserved

20



\ Chemical Digestion

Interactions Animation:

= Introduction to Chemical
Digestion

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 Jol
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\ Absorption in the Small Intestine

Glucose and__ Secondary active

galactose transport with Na' > Monosaccharides |
Facilitated |
L4 -
Frtoss Faciltated ifusion
diffusion
Active transport or \ TOBLOOD Hepatic
Amino acids — secondary active —» T CAPILLARY —> porial —> Liver
° transport with Na' OFAVILLUS  vein
Dipepiides o—Diusen_L,
00 _ Secondary active
Tripeptides | transport with H > ¢ )
000 —<
\
Small short-chain Simple E Diffusion |
fatty acids T difiusion T > = © L4

Large short-chain Triglyceride
'ar:; ‘Dwd'cham L Junction of left
atty acids
Simple, %. |° [B [@ TOLACTEAL _ Thoracic _ internal jugular
g diffusio™ >le™> 8/ > OF AVILLUS ™ duct > and left subclavian
Micelle | Monoglycerides — \ veing
£ Chylomicron ™ Basolateral
surface
Microvill Epithelial
smallintestine (brush border)  calls of villus

on apical surface

(a) Mechanisms for movement of nutrients through absorptive epithelial cells of vi

Copyright John Wiley & Sons, Inc. All rights

\ Digestion and Absorption of
Carbohydrates
Interactions Animation:

= Carbohydrate Digestion and
Absorption

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Digestion and Absorption of Proteins

Interactions Animation:

= Protein Digestion and Absorption

You must be connected to the Internet and in Slideshow Mode to
run this animation.

4/21/2017

\ Digestion and Absorption of Lipids

Interactions Animation:

= Lipid Digestion and Absorption

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

\ Absorption of Nucleic Acids

Interactions Animation:

= Nucleic Acid Digestion and
Absorption

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ Movement of Nutrients

Left subclavian

VILLUS (greatly enlarged)

Smal
Chylomicron

BLOOD CAPILLARY

Amino acid ~_ LAGTEAL
Monosaccharide

THORACIC
pucT Arteriole

Venule
Blood containing absorbed
monosaccharides, amino acids,
short-chain fatty acids

Lymphatic vessel
<—  Lymph containing triglycerides in CHYLOMICRONS
(b) Movement of absorbed nutrients into blood and lymph

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Fluid Balance .5

Saliva

 liter) ’
Ingestion \
of liquids

(@23 lters)

Gastric juice
B —)

Bile
(1 liter)

Pancreatic
juice

(2 liters)
Intestinal
juice

(1 liter)

Small
intestine
(8.3 liters)
Large
intestine
(0.9 liters)

Total ingested
and secreted
=93 liters
Total absorbed

Excreted in feces =92 lters
(0.1 liter)
Fluid balance in Gl tract
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\ Lymphatic Nodulesin the lleum

Lumen of ileum

VILLUS
S SOLITARY
i LYMPHATIC NODULE
% Submucosa
g Muscularis

(c) Lymphatic nodules in ileum

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Anatomy of the Large Intestine (colon)

TRANSVERSE COLON

Fightcoli > Leticolc Rectum
(hepatic) - (splenic)
fenure oy
ASCENDING — 2=
Anal canal

COLON DESCENDING
Teniae CotoN

j omenta

ewm appendces
3 \
\ ‘ < Haustra Internal anal
] e sphinclr

sphincier ) ivolaary)

ive) \—/L External anal
cecum . ] \ siGmoD sphincler

sievol ooty
VERMIFORM APPENDIX \ RECTUM
\ ANAL CANAL
ANUS nus: column
() Anteir view o lage Intestine showing majorregons (&) Fronal secion ofana caal
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\ Functions of the Colon

FUNCTIONS OF THE LARGE INTESTINE

1. Haustral churning, peristalsis, produce some B vitamins and
and mass peristalsis drive vitamin K.
contents of colon into rectum. 3. Absorption of some water, ions,
2. Bacteria in large intestine and vitamins.

convert proteins to amino acids, 4. Formation of feces.

break down amino acids, and 5. Defecation (emptying rectum).

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.

\ Histology of the Colon

Lumen of arge intestine

= A OPENINGS OF
INTESTINAL
ABSORPTIVE
CELL
GOBLET CELL
MUCOSA
INTESTINAL GLAND
Lamina propria
Lymphatic nodule
Muscularis mucosae F SUBMUCOSA
Lymphatic vessel
iSOG MUSCULARIS
Venule
Ciroular layer of muscle
Myenteric plexus
Longitudinal layer of muscle — SERCEA

(a) Three-dimensional view of layers of large intestine

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Glands and Cell Types of the Colon

OPENINGS OF
INTESTINAL
GLANDS
Lamina propria
E LT
G “3%@:;? Microvilli
L aEE
INTESTINAL bsialll
GLAND ABSORPTIVE CELL
(absorbs water)
\V.Lu%
GOBLET CELL
(secretes mucus)
Lymphatic
Muscularis REdle
mucosae
Submucosa —=%

(b) Sectional view of intestinal glands and cell types

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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Wall and Mucosa of the Colon

————— Lumenof Opening of intestinal gland

large
intestine Lumen of
large intestine

ABSORPTIVE
CELL

Lamina
propria

INTESTINAL
GLAND
Lymphatic GOBLET CELL
nodule

Muscularis
mucosae

Lamina propria

INTESTINAL
GLAND

(c) Portion of wallof large intestine (d) Details of mucosa of large intestine

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Mechanical Digestion in the Colon

Haustral churning

= Distension reaches a certain point and the walls of
the haustra contract to squeeze contents onward

Peristalsis
= Propulsive contractions
Mass peristalsis

= A strong peristaltic wave that begins in the
transverse colon and quickly drives the contents
of the colon into the rectum

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Mechanical Digestion: Haustral
Churning and Mass Peristalsis

Interactions Animation:

= Mechanical Digestion in the
Gastrointestinal Tract
Haustral Churning and Mass Peristalsis:
Animation sections 9.1 and 10.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

4/21/2017

Chemical Digestion in the Colon

The last stages of digestion occur through
bacterial action

= Substances are further broken down by bacteria

= Some vitamins are synthesized by bacterial action

s, Inc. Al rights reserved

Copyright © 2014 John Wiley & Sons, Inc

\ Absorption and Feces Formation

Absorption
= The colon absorbs water, electrolytes, and some
vitamins

Feces
= Consist of water, inorganic salts, sloughed-off
epithelial cells, bacteria, products of bacterial
decomposition, and undigested portions of food
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\ Defecation Reflex

= Rectal wall distends

= Stretch receptors send sensory nerve
impulses to the sacral spinal cord

= Motor impulses travel back to the
descending colon, sigmoid colon, rectum,
and anus

= Longitudinal rectal muscles contract and
the internal anal sphincter opens

= If the external anal sphincter is voluntarily relaxed,
defecation occurs and the feces are expelled

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| Mechanical Digestion: Defecation
Reflex

Interactions Animation:
= Mechanical Digestion in the

Gastrointestinal Tract
» Defecation: Animation section 11.1

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved

TABLE 24.6

Summary of Digestive Activities in the Large Intestine

STRUCTURE ACTIVITY FUNCTION(S)
Lumen Bacterial activity. Breaks down undigested
carbohydrates, proteins, and amino

acids into products that can be
expelled in feces or absorbed and
detoxified by liver; synthesizes

certain B vitamins and vitamin K.

Mucosa Secretes mucus.  Lubricates colon; protects mucosa.
Absorption. Water absorption solidifies feces
and contributes to body’s water
balance; solutes absorbed include
ions and some vitamins.

Muscularis  Haustral Moves contents from haustrum to
churning. haustrum by muscular contractions.
Peristalsis. Moves contents along length of

colon by contractions of circular
and longitudinal muscles.

Mass peristalsis.  Forces contents into sigmoid colon
and rectum.

Defecation reflex.  Eliminates feces by contractions in
sigmoid colon and rectum,

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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TABLE 24.7

Summary of Organs of the Digestive System and Their Functions

ORGAN FUNCTION(S)

Tongue Mancuvers food for mastication, shapes food into a bo cuvers food for deglutition, detects sensations for taste, and initiates digestion
of iglycerides

Salivary glands liva produced by these glands softe ens, and dissolves foods; mouth and teeth; initiates fstarch.

Teeth Cut, tear, and pulverize food to reduce solids to smaller particles for swallowing.

Pancreas ¢ y i pepsin creates the proper pH for digestion i the

riglycerides, and nucleic acids.

Liver Produces bile, which is required for the emlsification and absorption of lipids in the small ntestine.

Gallbladder Stores and concentrates bile and releases it into the smal inestine.

Mouth See the functions of the tongue 11 f which are i the mouth. Additionally,the lips and checks keep food between
the teeth during masticatior outh produce saliva,

Pharynx Receives a bolus from the oral cavity and passes it into the esophagus.

Esophagus Receives a bolus from the pharyn and moves mucus

Stomach Mixing waves food, and gastric juice, which activates pe cs jgestion,kills microbes in food, helps absorb
vitamin B,,,contracts the lower esophageal sphinct ity elaxes the pyloric sphincter, and moves chyme into the
small intestine.

Smallintestine  Scgmentation mixes chyme with digestive juices; peristal ol e the
small int creas, and liver complete bohydrates, proteins, lipids, and nucleic acids; circular folds, vili, and

microvilli help absorb about 90% of digested nutrients.
Haustral churning, peristalsis, and mass peristasis drive the colonic contents into the rectum; bacteria produce some B vitamins and
vitamin K; absorption of some water,ions, and vitamins occurs; defecation.

Copyright © 2014 Jo

Wiley & Sons, Inc. Al rights reserved

Phases of Digestion
Cephalic phase

= Stimulates gastric secretion and motility
Gastric phase
= Neural and hormonal mechanisms

Intestinal phase
= Neural and hormonal mechanisms

Copyright © 2014 John Wiley & Sons, Inc. All rights reserw
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TABLE 2«

Major Hormones That Control

HORMONE STIMULUS AND SITE OF SECRETION ACTIONS
Gastrin Distension of stomach, partially digested proteins and caffeine in  Major effects: Promotes secretion of gastric juice, increases gastric
" gh it
by enteroendocrine

q g
1is, located mainly in mucosa of pyloric Minor effects: Consicts lower esophageal sphincter,relaxes pyloric

antrum of stomach. sphincter.
Secretin Acidic (high H level) chyme thaten i a Major effec lates secretion of pancreatic juice and bile that
sccretion of secretin by enterocndocrine S cells in the mucosa of  are rich in HCO, ” (bicarbonate ions).
duodenum. Minor effects: Inhibi

hibits secretion of gastric juice, promotes normal
cts of CCK|

growth and ma

Major effects:

enance of pan hances ef

Cholecystokinin  Partally digested proteins (amino acids).
(ccK) that enter sma il

Il intestine stimulate s

imulates secretion of pancreatic juice rich in
bile from 4

@ rine CCK cells in mucosa of small ints opening of sphincter of the hepatop
also released in brain Oddi), induces satity (feeling full to satisfa
hibits gastric emptying, promotes normal growth
. enhances effects of secretin.

Copyright © 2(
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\ Hormonal Control of Digestion

Interactions Animation:

= Hormonal Control of Digestive
Activities

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Development of the Digestive System
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Sagital sections Transverse sections
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\ Aging and the Digestive System

Aging results in:

= Decreased secretory mechanisms and motility
= Loss of strength and tone of digestive muscular

tissue
= Changes in neurosecretory feedback

= Diminished response to pain and internal
sensations
Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.
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\ Digestive System Disorders

= Tooth decay

= Periodontal diseases
= Ulcers

= Diverticula

= Tumors

= Hepatitis

= Anorexia hervosa

Copyright © 2014 John Wiley & Sons, Inc. Al rights reserved.

30



\ End of Chapter 24
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