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LECTURE 15: GASTROINTESTINAL SYSTEM




Objectives

1. Discuss the digestive system.
2. Describe neural innervation of the GI tract.

3. Explore gastrointestinal motility, chewing and
swallowing.

(Pages 886- 901 of the reference)




THE DIGESTIVE SYSTEM
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breakingsdowniffoodlinto forms
that can be absofbed and used by body cells. It also absorbs water, vitamins, and minerals, |
and it eliminates wastes from the body. > Hﬁy{gf@x ocld | prakein—amins acid ,carko;nﬁ&@le—7 mandoccharide
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% The food we eat consists of molecules that are too large to be used by body cells. Therefore,
foods must | 5 that 11 h t r bod lls, a
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< Itextends from the'mouth fo the anus, forms an extensive surface area in contact with the

external environment, and is closely associated with the cardiovascular system. The

gastrointestinal (GI) tract or alimentary canal is a continuous tube that extends from the

mouth to the anus through the thoracic and abdominopelvic cavities.
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THE DIGESTIVE SYSTEM

P |

O eSO EESHVEIREaNS include the |

, liver, gallbladder, and pancreas.
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2-Secretion: release of water, acid,
buffers, and enzymes into lumen
of Gl tract.—=0\ofed eyl |
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3. Mixing and propulsion: churning
and movement of food through

l& Gl tract.eescﬁ)h@s
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5. “hsorption: passage of digested
products from Gl tract into

blood and lymph. |y iatny in <l i

6. Defecation._elimination of feces
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igure 24.2 Layers of the gastrointestinal tract. Variations in this basic plan may be seen in the esophagus (Figure 24.9),
stomach (Figure 24.12), small intestine (Figure 24.19), and large intestine (Figure 24 .24).

The four layers of the GI tract, from deep to superficial, are th
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NEURAL INNERVATION OF THE GI TRACT

O The gastrointestinal tract is regulated by an intrinsic set
of nerves known as the%nteric nervous system and by
an extrinsic set of nerves that are part of the?autonomic
Nervous SyStem. vl dyshe s ol by e o
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Figure 24.3 Organization of the enteric nervous system.

@ The enteric nervous system consists of neurons arranged
into the myenteric and submucosal plexuses.
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(O The myenteric plexus is located between the longitudinal and circular smooth
muscle layers of the muscularis.

(O The submucosal plexus is found within the submucosa.

<+ The plexuses of the ENS consist of motor neurons, interneurons, and sensory
Neurons..—- chewiepol — Subiiosal oo/exus SOCE %on]—>c}\evmcel W@ clow
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ENTERIC NERVOUS SYSTEM

(O Because the supply the longitudinal and
circular smooth muscle layers of the muscularis, this plexus mostly controls GI tract
motility (movement), |particularly the frequency and strength of contraction of the

muscularis.
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(O The fioloinclionsofResbiucosallplexiis supply the secretory cells of the mucosal

epithelium, controlling the secretions of the organs of the GI tract.
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<+ The interneurons of the ENS interconnect the neurons of the myenteric and
submucosal plexuses. [NEIWAIINORNIEIGINFACHCONtAINSIWONNA]OMtyPeSIONISEnsory
_ (1) chemoreceptors, which respond to certain chemicals in the food present
inntheslumen) and (2) mechanoreceptors, such as stretch receptors, that aréractivated

when food distends (stretches) the wall of a GI organ. /ge)@m{dg ol echorolécept™
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AUTONOMIC NERVOUS SYSTEM

v" Although the neurons of the ENS'canrfunction independently, they
are subject to regulation by the neurons of the autonomic nervous
system.

v The vagus (X) nerves supply parasympathetic fibers to most parts of
the GI tract, with the exception of the last half of the large intestine,
which is supplied with parasympathetic fibers from the sacral
spinal cord.

v The parasympathetic nerves that supply the GI tract form neural
connections with the ENS.



AUTONOMIC NERVOUS SYSTEM

OIn _general, stimulation of the _ that innervate
the GI tract causes an motility by
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increasing the activity of E _Nﬁ neurons. Z;WWWL
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OIn_general, the Syipatheticifiérves that supply the GI tract cause a

decrease in GI secretion and motility by ifiliGififgheNeUrONSIO NG
ENS: Emotions such as angé¥ fear andvanxiety may slow digestion
because they stimulate the sympathetic nerves'that supply the GI tract.
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Figure 24.5 Structures of the mouth (oral cavity).

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

Superior lip (lifted upward)

SUPERIOR LABIAL FRENULUM attaches superior lip to gum.
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N We o ojord ngiva (qums)
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\\ v \ VIOl most of o root of o wcuh. FAUCES is the opening betwaan the oral cavity and oropharynx.
=W v ol ofuvd
g Palatoglossal arch

Iy \M\ ?)
H SOFT PALATE (muscular) forms —
RV the rast of the mouth's roof.
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Palatopharyngeal arch

— ‘,;;,_‘_\,_1‘,_---- Palatine tonsil (betwaen 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 posteriory.

- Opening of duct of submandibular gland
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Figure 24<€ The three major salivary glands—parotid. sublingual, and submandib ¢ submandibular glands, shown in the
light micrograph (b), CORSIST mos id—secreting portions of gland) and a few mucous acini
(mucus-secreting portions of gland) the parotid glands consist of serous acini only: and the sublingual glands consist of
mostly mucous acini and a few serous acini.

O Saliva lubricates and dissolves foods and begins the chemical breakdown of carbohydrates and lipids.

PAROTID DUCT

PAROTID GLAND

OPENING OF PAROTID DUCT
{near sacond maxillary molar)

Second maxillary molar tooth

Tongue (raised in mouth)

Lingual frenulum

LESSER SUBLINGUAL DUCTS

SUBMANDIBULAR DUCT

SUBMANDIBULAR GLAND
SUBLINGUAL GLAND

vlohyoid muscle

(a) Location of salivary glands



e tongue 1s an accessory digestive organ compose
muscle covered with mucous membrane.

J Together with its associated muscles, it forms the floor of the oral
cavity.

J The extrinsic muscles of the tongue, which originate outside the
tongue (attach to bones in the area) and insert into connective tissues in

the tongue. |, lope of wirsck In fhe boe?

Q_ove the tongue from side to side and in and

out to maneuver food for chewing, shape the food into a rounded mass,
and force the food to the back of the mouth for swallowing. They also

form the floor of the mouth and hold the tongue in position.
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of the tongue originate in and insert into
connective tissue within the tongue. They alter the shape and size of the

tongue for speech and swallowing. 2
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> A typical tooth

has three

major external

regions: _ the
CrOwWn, root,
and neck.

Figure 24.7 A typical tooth and surrounding structures.

@ Teeth are anchored in sockets of the alveolar processes of the mandible and maxillae.

LA — sagitial
| J plane
| | CROWN

ROOT —

— _—— ENAMEL (made of calcium salts)

= protects the tooth from wear and tear.

———— DENTIN (calcified connective tissue)
makes up the majority of the tooth.

__— Gingival sulcus

§' =5 Gingiva (gum)

PULP CAVITY contains pulp (connective
tissue containing nervas and blood vassals).

. " /'

T CANAL is an extension of the pulp
vity that contains nerves and blood vessels

Alveolar bone

Sagittal section of a mandibular (lower) molar



MECHANICAL AND CHEMICAL DIGESTION

IN THE MOUTH

S a b osele
(O WMechanicalydigestiondin the mouth results from or{ mastication} in which food is
manipulated by the tongue, ground by the teeth, and mixed with saliva.

L Vne&l’lanlclfl LYEGJ/\M 4-/’\

> (As a result, the food is reduced to a soft, flexible, easily swallowed mass)called a bolus.

><olgt emhbse
>C ood molecules begin to dlssolve 1n the water in saliva, an important activity because
mes ct v a ligus 1 only.

e 1 we WV\CHOM -
O _ iylase and ling pase, contribute to chemical digestion in the

mouth.

(O Salivary amylase, which is secreted by the salivary glands, initiates the breakdown of
starchy Dietary carbohydrates are either monosaccharide and disaccharide sugars or
complex polysaccharides such as starches. Most of the carbohydrates we eat are starches,
but only monosaccharides can be absorbed into the bloodstream. Thus,
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MECHANICAL AND CHEMICAL DIGESTION

IN THE MOUTH

ﬁ \(Dlﬂ@r‘.dt . O{'@ﬁcﬁﬁoﬂe —>Fothy acid

O Saliva also contains lingual lipase, which is secreted by lingual
glands in the tongue. This enzyme becomes activated in the acidic
environment of the stomach and thus starts to work after food is
swallowed. It breaks down dietary triglycerides (fats and oils)
into fatty acids and diglycerides. A diglyceride consists of a

glycerol molecule that is attached to two fatty acids.
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TABLE 24.1

Summary of Digestive Activities in the Mouth

STRUCTURE

Cheeks and lips
Salivary glands

Tongue

Extrinsic tongue muscles

Intrinsic tongue muscles
Taste buds

Lingual glands
Teeth

ACTIVITY
Keep food between teeth.

Secrete saliva.

Move tongue from side to side and in
and out.

Alter shape of tongue.

Serve as receptors for gustation (taste)
and presence of food in mouth.

Secrete lingual lipase.

Cut, tear, and pulverize food.

RESULT

Foods uniformly chewed during mastication.

Lining of mouth and pharynx moistenad and lubricated. Saliva softens, moistens,
and dissolves food and cleanses mouth and teeth. Salivary amylase splits starch into
smaller fragments (maltose, maltotriosa, and a-dextrins).

Food maneuvered for mastication, shaped into bolus, and maneuvered for
swallowing.

Swallowing and speach.

Secretion of saliva stimulated by nerve impulses from taste buds to salivatory nuclei
in brain stem to salivary glands.

Triglycerides broken down into fatty acids and diglycerides.

Solid foods reduced to smaller particles for swallowing.



PHARYNX

(O When food is first swallowed, it passes from the mouth into the pharynx, a funnel-shaped
tube that extends from the(internal nares to the esophagus posteriorly and to the larynx
anteriorly)

~ [Ihieiphafyhixiisicomposediof skeletal muscle and lined by mucous membrane, and is divided
intedhreEIpanish the nasopharynx, the oropharynx, and the laryngopharynx.

(O The nasopharynx functions only in respiration, but both the oropharynx and laryngopharynx
have digestive as well as respiratory functions.

>hg)d0 pepe’ (domhes) into &T@“S (fosvg@ \»ob\
» Swallowed food passes from the mouth into the Gfophafynxmandilaivhgopharynx) the
muscular contractions of these areas help propel food into the esophagus and then into the
stomach.




===, Fipure 24.9 Histology of the esophagus. A higher-
magnification view of nonkeratinized stratified squamous
epithelium is shown in Table 4. 1F,

ESOPHAGUS @~ The esophagus secretes mucus and transports food to

the stomach.

Lumen of esophagus

MUCOSA: '
Nonkeratinized
i stratified squamous
| s epithelium
Hunchion of esaODWﬂusl? %

P Lamina propria
0 d
(O The esophagus Gecretes miicus . Transverse  Muscularis

° '
and @transports food into the s ik
stomachd It does noft produce
digestive enzymes, and it does MUSCULARIS
< = - (circular layer)
not carry on absorption.sus passoer W)

SUBMUCOSA

MUSCULARIS
(longitudinal layer)

ADVENTITIA



mmmm Figure 24.10 Deglutition (swallowing). During the pharyngeal stage (b) the tongue rises against the palate, the nasopharynx is closed —m—
off, the larynx rises, the epiglottis seals off the larynx. and the bolus is passed into the esophagus. During the esophageal
stage (c), food moves through the esophagus into the stomach via peristalsis.

@=— Deglutition is a mechanism that moves food from the mouth into the stomach.

The tongue shapes the
chewed, lubricated food

ﬁ (bolus) and moves it to the

back of the mouth cavity.
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coordinated contractions and
relaxations of the circular
and longitudinal layers of

(>t spith

Nasopharynx !
Hard palate the muscularis, pushes the
Soft palate bolus onward.
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—Oropharynx
fsaon/q)m ﬂ < Epiglottis . Tgleattongtcxje rlises aﬂg\amst the
palate and closes the
shdh dhiogsHiE (Laryngopharynx] s ok
* The uvula and palate seal off
L \'03 the nasal cavity.
>0\S € "‘5 « The epiglottis covers the
(Vo J (Mol }wac joh) larynx.
PP -D ?]Esophagus Breathing is temporarily
interrupted.

(a) Position of structures during voluntary stage (b) Pharyngeal stage of swallowing




TABLE 24.2

Summary of Digestive Activities in the Pharynx and Esophagus

STRUCTURE ACTIVITY RESULT
Pharynx Pharyngeal stage of deglutition. Moves bolus from oropharynx to laryngopharynx and into esophagus; closes air
passageways.
Esophagus Relaxation of upper esophageal sphincter. Permits entry of bolus from laryngopharynx into esophagus.
Esophageal stage of deglutition (peristalsis). Pushes bolus down esophagus.
Relaxation of lower esophageal sphincter. Permits entry of bolus into stomach.

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



STOMACH

The stomach is a J-shaped
enlargement of the GI tract
directly inferior to the
diaphragm in the abdomen.
The stomach connects the
esophagus to the
duodenumy the first part of

the small intestine.
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(c) Esophageal stage of swallowing



STOMACH

(OBecause a meal can be eaten much more quickly than the intestines can digest and absorb
it, one of the functlons of the s , nber

S i

< At appropriate intervals after food is ingested, @he"stomachiiforceSnansmalinquantityncs
material into the first portion of the small intestine.
Lo udomn

 The position and size of the stomach vary continually; the diaphragmipushesitiinferiorly
w1th each inhalation and pu Sails it superiorly with elilI\ exhalationy Empty, it is about the

but it is the
@@l L s

_ starch and triglycerides continues, digestion of proteins

begins, the semisolid bolus is converted to a liquid, and certain substances are absorbed.
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O Figure 24.11 External and internal anatomy of the stomach.

@ The four regions of the stomach are the cardia, fundus, body,
and pyloric part.

FUNCTIONS OF THE STOMACH

L

Mixes saliva, food, and gastric

denatures proteins), pepsin —

Duodenum
(first portion
of small
intestine)

Longitudinal layer

Circular layer

PYLORIC ANTRUN1

(a) Anterior view of regions of stomach

Oblique layer

juice to form chyme. (begins the digestion of
2. Serves as reservoir for food proteins), intrinsic factor (aids
before release into small absorption of vitamin By), and
intestine. gastric lipase (aids digestion of
3. Secretes gastric juice, which triglycerides).
\ contains HCl (kills bacteriaand 4. Secretes gastrin into blood. J
FUNDLS The pylorus
Serosa communicates
Muscularis:

with the duodenum of the
small intestine via a
smooth muscle sphincter
called the pyloric
sphincter.

The concave medial border
of the stomach is called the
lesser curvature; the
convex lateral border is
called the greater
curvature.




STOMACH

< The stomach wall is composed of the same basic layers as the rest of the GI tract,
with certain modifications. The surface of the mucosa is a layer of simple

columnar epithelial cells called SHEfACEMUCOUSICES - <ccc/n wicors (basi) aud micous neek cel
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» Parietaliéells produce intrinsic factor (needed for absorption of vitamin B12) and
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totals 2000-3000 mL per day. secelin of dief cell, poriehl cell awd
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is the combined secretions of mucous cells, parietal cells, and chief cells.

tic nodule ~—-

Lymphatic vessel

ic juice
Musculans mucosae

L

Venule
Arteriole
Circular layer of muscle

Oblique layer of muscle

in muscularis
itudinal
layer of muscle

Enteric neurons

Figure 24.12 Histology of the stomach. ,
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FIGURE 24.12 CONTINUES '

(a) Threedimensional view of layers of stomach
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MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

v" Several minutes after food enters the stomach, waves of peristalsis pass over the
stomach every 15 to 25 seconds.

v Few peristaltic waves are observed in the fundus, which primarily has a storage
function.

v Instead, most waves begin at the body of the stomach and intensify as they
reach the antrum.

v" Each peristaltic wave moves gastric contents from the body of the stomach down
into the antrum, a process known as propulsion.

v' The pyloric sphincter normally remains almost, but not completely, closed.
Because most food particles in the stomach initially are too large to fit through
the narrow pyloric sphincter, they are forced back into the body of the stomach,
a process referred to as retropulsion.




MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

W stamach
O Another round of then occurs, moving the food particles back

down into the antrum. If the food particles are still too large to pass through

the pyloric sphincter, ccurs again as the particles are squeezed
back into the body of the stomach~Then yet another round of propulsion
occurs, and the cycle continues to repeat.

e mament of e oge povicle e fod Jo bock Jo e looddy in Jle <hri

(O The net result of these movements is that gastric contents are mixed with
gastric juice, eventually becoming reduced to a soupy liquid called chyme.
Once the food particles in chyme are small enough, they can pass through the
pyloric sphincter, a phenomenon known as gastric emptying. [EBESHg

_vis—awi only about 3 mL of chyme moves through the
pYIOI'lC SphlnCter at a time. > lhe ool of Lod Nal exit fom slomach yi noj)oﬁ\c gbol’JIIMCJOY" lo <mol) inteskhe




MECHANICAL AND CHEMICAL DIGESTION IN

THE STOMACH

Foods may remain in the fundus for about an hour without
becoming mixed with gastric juice. During this time,

digestion by — from the salivary glands
continues. Soon, however, the churning action mixes chyme

O with acidic gastric juice, /mactlvatmg salivary amylase and
activating lingual lipase. Loin ook it aowe. ook o il Vprse beawe achio




Figure 24.13 Secretion of HCI (hydrochloric acid) ¢ O Figure 24.14 Regulation of HC1 secretion.
by parietal cells in the stomach. = .

@@= Proton pumps, powered by ATP, secreta the H*; Cl &" HCl secretion by parietal cells can be stimulated by several
diffuses into the stomadch lumen through ClI~ dhannels. SOUrces: acetykho“ne (ACh), gastrin, and histamine.
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REGULATION OF HCL SECRETION

i\(\n@ écepha Iy e wrtoce oen

1. ACetyICholine (ACH)'s released by parasympathetic neurons.
2. GastER secreted by G cells.—i pyc i in dowech

3. [HiStamife which is a paracrine substance released by mast cells in
the nearby lamina propria.

L> hese Inge woke conpeling lo levl of Hl — <hmulale Pfocluce N when bind with el feceplor on he swhee of the ch'ela] cell

< Acetylcholine and gastrin stimulate parietal cells to secrete more HCI in the
presence of histamine. In other words, histamine acts synergistically,
enhancing the effects of acetylcholine and gastrin. Receptor® for all three
substances are present in the plasma membrane of parietal cells.



REGULATION OF HCL SECRETION

e
» The strongly acidic flu1d of the stomach kills many microbes in food.

fcon HCI i rortach
_ denatures (unfolds) proteins in food and stimulates the secretion of

hormones that promote the flow of bile and pancreatic juice.
LAivhanci
» Enzymatic dlgestlon\(j)} proteins also begins in the stomach. onf [l lpsse {rot beak den b lpid

(O The only proteolytic (protein-digesting) enzyme in the stomach is pepsin, which

is secreted by¥chief cells. f%:@en e i Soch
[—'—>CV\ n \96 n
» Pepsin severs certain peptlde bonds between amino acids, breaking down a

protein chain of many amino acids into smaller peptide fragments.

(OTepsin_is most effective in the very acidic environment of the stomach (pH 2); it
becomes inactive at a higher pH.




WHAT KEEPS PEPSIN FROM DIGESTING THE PROTEIN

IN STOMACH CELLS ALONG WITH THE FOOD?

<+ First, pepsin is secreted in an inactive form called pepsinogen;
in this form, it cannot digest the proteins in the /chief cells that

produce it. g/f);@o{uce in chelf el andl Hhe unodite fesn
* of H@'\V\j\)
<+ Pepsinogen is not converted into active pepsin until it comes in

contact with(hydrochloric acid)secreted by parietal cells or active
pepsin molecules. Fosottel by ot el o oo pepsin imolecsles

on l\\iCK <0650 \@ef
“+»Second,(the stomach epithelial cells are prot g ;
jui by a layer 1 110 of plkaline mucus| secreted by
surface mucous cells and mucous neck cells. 7= g pekeis o st epihelinfi

- p_l




REGULATION OF HCL SECRETION

(O Another enzyme of the stomach is gastiicllipase] which splitsutriglyceridesi(fats
andvoils)sinfat molécules (such as/those found in milk) intonfattynacidswand

monoglycerides. Ny b chalf cell ond bt clown Ve g o (g cid

(O This enzyme, which has a limited role in the adult stomach, operates best at a pH
0f5=6! More important than either lingual lipase or gastric lipase is Paficieatic
E an enzyme secreted by the pancreas into the small intestine.

0

o be down lhe ipid

~
 Within 2 to 4 hours after eatirig a meal, the stomach has emptied its contents into

I Foods rich in carbohydrates spend the least time in the stomach;
high-protein foods remain somewhat longer, and emptying iq slowest| after a fat-
laden meal containing large amounts of triglycerides.




TAEBLE 24. .=

Summanry of Digestive Activities in the Stomach
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PANCREAS

O From the stomach, chyme passes into the small intestine. Because
chemical digestion in the small intestine depends on activities of
the pancreas, liver, and gallbladder, we first consider the activities

of these accessory digestiveYorgans and their contributions to
digestion in the(small iNTESTINE] Loz dpn bebven ok o sl sk

<g93) s\s:zﬁ\r‘\o,fﬁ J& 4) ,\;ﬂ\g\{oﬂ QCC&SOQ oVoy J



Figure 24.15 Relationship of the pancreas to the liver, gallbladder, and duodenum. The inset (b) shows details of the common ' —
bile duct and pancreatic duct forming the hepatopancreatic ampulla and emptying into the duodenum.

@ Pancreatic enzymes digest starches (polysaccharides), proteins, triglycerides, and nuclek aclds.
Falcdorm ligament (i Yepabic i in Yt e 4 h\Jtp’(>co|mmon hepotc d i dul

e c alic \ L lo O? \\\/@r
= |e} \/\elazh oock et lobe \_.>COW\W\OM ble ekt F“V[@‘HC duct
3 s - e — > fortmabion duch pr i omall keskhe

#‘? i

P ancreatc duct
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@(M«d Oddi)

(&) Amts nor view (b} Details of hepatopancreatic ampulla




PANCREAS

» [THENPANereas, a retroperitoneal gland that is about 12-15 cm (5-6 in.) long

and 2.5 cm (1 in.) thick, lies posterior to the greater curvature of the
stomach. \proys

~ [The pancreas consists of a head, a body, and a tail and is usually’connected

to the duodenum by two ducts.

LMaM ol oizesay GDOMC@H'C duct

> The head is the expanded portion of the organ near the curve of the
duodenum; superior to and to the left of the head are the central body and
the tapering tail.
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PANCREAS

» The protein-digesting enzymes of the pancreas are produced in an inactive form just as pepsin is
produced in the stomach as pepsinogen. Because they are inactive, the enzymes do not digest
cells of the pancreas itself.v sdelin percéale lipe ot bk ol \‘Iﬁwse —>{ol audkive 1 pallceas

(O » Trypsin is secreted in an inactive form called trypsinogen.

t})ze Lo wsm o <ol Wredine —beate oclic Liv\qdi\)n%m fom irjfzs'm

beak clow fretei bo peghide
» Pancreatic acinar cells also secrete a protein called trypsin inhibitor that combines with any

trypsin formed accidentally in the pancreas or in pancreatic juice and blocks its enzymatic

- e=alt paplidoses Yo bk
activity. dﬁfj: J(o%opeﬁ\o(e

O> When trypsinogen reaches the lumen of the small intestine, it encounters an activating brush-border

enzyme callled enterokifase, which splits off part of the trypsinogen molecule to form trypsin. L?”'f\e(;d;‘)ﬁé*\d;‘;e 0 '
L%’\ fo avpo oc

>ﬁ5€l’ht i <arfuce oo o <l ffesbine | teloted with cilin) secighion @ Weshal cel i <mall nkes hive ( BXOMPlei'CW%WW’j@ hot oichiofion Lj b(? S\V\%@V’B

in'stomachi Pepsinogen - pepsin (active form) by HCL
INNIREESEIRE: Trypsinogen = trypsin (active form) by enterokinase




LIVER AND GALLBLADDER

degiiHaho) o@ow\

» The liver is the heaviest gland of the body, weighing about 1.4 kg (about 3
1b) in an average adult. Of all of the organs of the body, it is second only to
the skin in size.

» The liver is inferior to the diaphragm and occupies most of the right
hypochondriac and part of the epigastric regions of the abdominopelvic
cavity.

> The gallbladder is a pear-shaped sac that is located in a depression of the
posterior surface of the liver. It is 7-10 cm (3-4 in.) long and typically hangs
from the anterior inferior margin of the liver.



Figure 24.16 Histology of the liver.

O Histolegically, the liver Is composed of(hepatocytes
B

(a) Overview of histological components of liver (b) Details of histological components of liver



Figure 24.17 Hepatic blood flow: sources, path through the
liver, and return to the heart.

O- The liver receives oxygenated blood via the hepatic
artery and nutrient-rich deoxygenated blood via the
hepatic portal vein.
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LIVER AND GALLBLADDER

%Mﬁfﬂ cell 1’!@@#@% - daGofucc ble

» From the hepatic artery it obtains oxygenated blood, and from the hepatic portal vein it receives
deoxygenated blood containing newly absorbed nutrients, drugs, and¢possibly microbes andtoxins
from the gastrointestinal tract.

> Branches of both the hepatic artery and the hepatic portal vein carry blood into hepatic sinusoids,
where oxygen, most of the nutrients, and certain toxic substances are taken up by the hepatocytes.

» Products manufactured by the hepatocytes and nutrients needed by other cells are secreted back into
the blood, which then drains into the central vein and eventually passes into a hepatic vein.

> Because blood from the g stine I g part of the hey I 1
| . the liver is often a site for metastasis of cancer that originates in the GI tract. WM °P

N




FUNCTIONS OF THE LIVER AND GALLBLADDER

(O Each day, hepatocytes secrete 800-1000 mL (about 1 gt) of bile, a §ellowlibFownishiorlolivezgreen

liguid. ¥t has a pH of 7.6-8.6 and q water, bile salts, cholesterol, a phospholipid
called lecithin, bile pigments, and several ions. (. bk ol <ecicle by bephepe 2

O The principal bile pigment is bilirubin.

O The phagocytosis of aged red blood cells liberates iron, globin, and bilirubin (derived from heme).

(O The iron and globin are recycled; the bilirubin is secreted into the bile and is eventually broken
down in the intestine. One of its breakdown products —stercobilin —gives feces their normal brown
color.

» Bile is partially an excretory product and partially a digestive secretion.

O which areJ sodium salts and®potassium salts of bile acids play a role in emulsification, the
breakdown of large lipid globules into a suspension of small lipid globules.

> The small lipid globules present a very large surface area that allows pancreatic lipase to more
rapidly accomplish digestion of triglycerides. Bile salts also aid in the absorption of lipids following
their digestion.




GALLBLADDER REMOVAL

Impact of Gallbladder Removal: When the

gallbladder is removed, bile flows directly from
the liver into the small intestine. This can lead
toldifficulties in digesting fats) especially fatty
meals.

> 1% Ol@
BHSISEIESHPBISHIEHES) Bile salt supplements

contain bile acids, which aid in fat emulsification
and absorption. These supplements can help
improve fat digestion and reduce symptoms
like diarrhoea, bloating, and gas that may occur
after gallbladder removal
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FUNCTIONS OF THE LIVER AND GALLBLADDER

O Digestion and absorption continue in the small intestine, bile
release increases. .- wibie i dieshon bo lipid

O Between meals, after most absorption has occurred, bile flows
into the gallbladder for storage because the sphincter of the
hepatopancreatic ampulla closes off the entrance to the
duodenum. The sphincter surrounds the hepatopancreatic
ampulla.

>M@ )of‘f [fm()uces \|v\ ‘I\\/ﬁ( 1@ Vepmlnc\tﬁe cmd %ﬁge 'IV\ Sallbjuofdw (ﬂol rYoo(uce ‘\\/' go«\lb\ao‘ope\f)



® FUNCTIONS OF THE LIVER AND GALLBLADDER

> In addition to@ecretifig bile, which'is needed for'absorption of dietary fats) the liver performs many other
vital functions A1l 9licose lote] —> Stols ol foin cyagen ond Higlycerides o shod ) i
) N less ﬂwcoﬁe WZ\%L@"‘K he j\j@ﬂ)" bo ?oﬁv'\ 5|'4¢°5‘— ohd| felevse o )3[50(‘}5]@1’4

1. CarbehydiatenmetabolisiE The liver is especially important in mai g | blood g - level.
When blood glucose is low, the liver can break down glycogen to glucose and release the glucose into the
bloodstream. When blood glucose is high, as occurs just after eating a meal, the liver converts glucose to
glycogen and triglycerides for storage.

makei|l A_-Wdfgﬁaﬁow 0@ M‘fﬂd L%VJAW \'H;rahw ot Hons chobter!

Hepatocytes deaminate (remove the amino group, NH2, from) amino acids, the
resulting toxic ammonia (NH3) is then converted into the much less toxic urea, which is excreted in urine.
Hepatocytes also synthesize most plasma proteins, such as (alpha "and beta globulins, @lbumin,
prothrombin, and fibrinogen.
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® FUNCTIONS OF THE LIVER AND GALLBLADDER

» In addition to secreting bile, which is needed for absorption of dietary fats, the liver performs many
other vital functions.

s Jeorificafion Aoy
4. : The liver can detoxify substances such as alcohol and excrete
drugs such as penicillin, erythromycin, and sulfonamides into bile. It can also chemically alter or

excrete thyroid hormopﬁs‘%evl“r}% s%eggglg l}ormones Such as estrogens and aldosterone.
a S

5. : As previously noted, bilirubin, derived from the heme of aged red blood
cells, is absorbed by the liver. Most of the bilirubin in bile is metabolized in the small intestine by
bacteria and eliminated in feces.

6. qlﬁle salts are used in the small intestine for the emulsification and
absorption of lipids. [ _ < fum oyl Po)[qgs(mwn <olt




® FUNCTIONS OF THE LIVER AND GALLBLADDER

Bile canaliculi

» In addition to secreting bile, which is needed for absorption of dietary y
fats, the liver performs many other vital functions. G a

Portal tnad:
Bile duct
V __—— Branch of
S hepatic portal
vein
Branch of
hepatic artery
- — Hepatic
i laminae
- ) - Hepatocyte
H e : - i : __ N = s 4 : . tellate
'1 : 5 ¢ reticuloendothelial
(Kupfier) cell

SIGFASEIn addition to glycogen, the liver is a prime storage site for '\;
cerfain vitamins (A, B12, D, E, and K) and minerals (iron and copper), |
which are released from the liver when needed elsewhere in the body.

Phiagocyiosisilihe stellate reticuloendothelial (Kupffer) cells of the liver
phagocytize aged red blood cells, white blood cells, and some bacteria.

" ——— Connective
tissue

(b) Details of histological components of liver
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SMALL INTESTINE

» Most digestion and absorption of nutrients occur in a long tube
called the small intestine.

= ol bish- bodlrenayue. corlible in obsophin of whloee
O Its length alone provides a large surface area for digestion and
absorption, and that area is further increased by circular folds,

villi, and microvilli, Lt ot et
o 9 S
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Figure 24.18 Anatomy of the small intestine. (a) Regions of . i _ — _
the small intestine are the duodenum. jejunum. and 1. Segmentations mix chyme with lipids; begins and completes
ile b) Circular folds increase the surface area SN s Qi o Sstion o A
l‘cUﬂ'.l. 1 ) ’L - f 5 IR St _L T e . - into contact with mucosa for 3. Absorbs about 90% of nutrients
for digestion and absorption in the small intestine. absorption; peristalsis propels and water that pass through
chyme through small intestine. digestiv :
@ Most digestion and absorption occur In the small Intestine. 2. Completes digestion of L _zapad e
\\  carbohydrates, proteins, and /,',.
W\ 2
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intestine
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(a) Antenor view of external anatomy (b) Intemal anatomy of jejunum



SMALL INTESTINE

» Most digestion and absorption of nutrients occur in a long tube

called the small intestine.

< Its length alone provides a large\sytface area for digestion and

absorption, and that area is furtbfy increased by circular folds,
villi, and microvilli. / \

P




Figure 24.19 Histology of the small intestine.
@ Circular folds, villl, and microvilll Increase the surface area of the small Intestine for digestion and absorption.

(a) Relationship of villi to circular folds




meeesssssss—n  Figure 24.20 Histology of the duodenum and ileum.

Muscularis

)

(a) Wall of the duodenum



ROLE OF INTESTINAL JUICE AND BRUSH-BORDER

ENZYMES

» About 1-2 liters of intestinal juice, a clear yellow fluid, is secreted

each day. Intestinal juice contains water and mucus and is slightly
alkaline (pH 7.6).

bezorse pesolf W omiont Gam  bicarbone lor

O The alkaline pH of intestinal juice is due to its high concentration of
bicarbonate ions ' coipe g BT by Wer ok ponaes (pacic Tosel— <ot ol et

> complele liseskion @hioﬂiew loy bopsi hoeiolﬂ‘olasesfwudeo@eph\dascs ool e

Qamdﬁldc dlineskion or cdb@o[ﬁle @ <ucase s loclose

(OThe absorptive cells of the small intestine synthesize several
digestiverenzymies, called brush-border enzymes, and insert them in

the plasma membrane of the microvilli. F‘V\W@W cnlafe peprpi o ppei
= collleyded L@Pstwégeﬁ?&\ﬁe}%?s‘m




ROLE OF INTESTINAL JUICE AND BRUSH-BORDER

ENZYMES

O Thus, some enzymatic digestion occurs at the surface of the
absorptive cells that line the villi, rather than in the lumen
exclusively, as occurs in other parts of the GI tract. Among the
brush-border enzymes are foNiCAMbONydratedigesHnENenzymes
called a-dextrinase, maltase, sucrase, and lactase; protein-digesting
enzZyimes called peptidases (aminopeptidase and dipeptidase); and
two types of nucleotide-digesting enzymes, nucleosidases and
phosphatases.




MECHANICAL DIGESTION IN THE SMALL

INTESTINE

>WI|XM9 fad ¥ qulff i< Joice. fiam 5 l;\w ﬁmfgmw
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and a type of peristalsis called migrating motility complexes—are “}%
governed mainly by the myenteric plexus. Lp,,e nipwenh ol <ol Meshe. ol wishe selotlr

» Segmentations are localized, mixing contractions that occur in
portions of intestine distended by a large volume of chyme.
Segmentations mix chyme with the digestive juices and bring the
particles of food into contact with the mucosa for absorption; they
do not push the intestinal contents along the tract.




MECHANICAL DIGESTION IN THE SMALL

INTESTINE

> Segmentations occur most rapidly in the duodenum, about 12 times per minute,
and progressively slow to about 8 times per minute ifnthetileum.

(O After most of a meal has been absorbed, which lessens distension of the wall of
the small intestine, segmentation stops and peristalsis begins.

> The type of peristalsis that occurs in the small intestine, termed a migrating
motility complex (MMO), begins in the lower portion of the stomach and pushes
chyme forward along a short stretch of small intestine before dying out.

» The MMC slowly migrates down the small intestine, reaching the end of the
ileum in 90-120 minutes. Then another MMC begins in the stomach. Altogether,
chyme remains in the small intestine for 3-5 hours.




CHEMICAL DIGESTION IN THE SMALL INTESTINE

1. In the mouth, salivary amylase converts starch (a polysaccharide) to maltose (a
disaccharide), maltotriose (a trisaccharide), and «-dextrins (short-chain, branched
fragments of starch with 5-10 glucose units).

2. In the stomach, pepsin converts proteins to peptides (small fragments of proteins), and
lingual and gastric lipases convert some triglycerides into fatty acids, diglycerides, and
monoglycerides.

3. Thus, chyme entering the small intestine contains partially digested carbohydrates,
proteins, and lipids.

4. The completion of the digestion of carbohydrates, proteins, and lipids is a collective
effort of pancreatic juice, bile, and intestinal juice in the small intestine.




ABSORPTION IN THE SMALL INTESTINE

J All of the chemical and mechanical phases of digestion ‘from the@
through the small intestine are directed toward changing food into |forms
that can pass through the absorptive epithelial cells lining the mucosa and
into the underlying blood and lymphatic vessels.

These forms are monosaccharides (glucose, fructose, and galactose) “from
carbohydrates; singleamino acids, dipeptides, and tripeptides «¢from
proteins; andfatty acids, glycerol, and monoglyceridesdrom triglycerides.

1 Passage of these digested nutrients from the gastrointestinal tract into the
blood or lymph is called absorption:




ABSORPTION IN THE SMALL INTESTINE

CABSOTpHORIONATEHAISIOEEHISIVAE i(fsion, facilitated

diffusion, osmosis, and active transport.

OAbout 90%" of all absorption of nutrients occurs in the
smallrinitestifie; the other 40% occurs insthesstomach and
large intestine.

OAny undigested or unabsorbed material left in the small
intestine passes on to the large intestine.




Figure 24.21 Absorption of digested nutrients in the small intestine. For simplicity, all digested foods are shown in the
lumen of the small intestine, even though some nutrients are dieested by brush-border enzymes.  —

*" Long-chain fatty aclds and monoglycerides are absorbed Into lacteals; other products of digestion enter blood caplilaries.
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Figure 24.22 Daily volumes of fluid ingested, secreted,
absorbed, and excreted from the GI tract.

@=— All water absorption in the Gl tract occurs via osmosis.
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TABLE 24.4

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

STRUCTURE

Pancreas

Liver
Gallbladder
Small Intestine
Mucosa/submucosa
Intestinal glands
Absorptive cells
Goblet cells
Enteroendocrine calls (5, CCK, K)
Panath cells
Duocdenal (Brunner's) glands
Circular folds
Vil

Mlicrowvilll
Muscularis

Segmentation

Migrating motility complex
(MMC)

ACTIVITY

Delivers pancreatic juice into deodenum via pancreatic duct to assist absorption (see Table 24.5 for pancreatic
enzymes and their functions).

Produces bile (bile salts) necessary for emulsification and absorption of lipids.

Stores, concentrates, and delivers bile into duodenum via common bile duct.

Major site of digestion and absorption of nutnents and water in gastrointestinal tract.

Secrefe intestinal juice to assist absorption.

[VMgest and absorb nutrients.

Secrete mucus.

Secrete secretin, cholecystokimn, and glucose-dependent insulinotropic peptide.
Secrete lvsoryme (bactenicidal enzyme) and phagocytosis.

Secrete alkaline flud to buffer stomach acids, and mucus for protection and lubncation.
Folds of mucosa and submucosa that increase surface area for digestion and absorption.

Fingerlike projections of mucosa that are sites of absorpoion of digested food and increase surface area for digestion
and absorption.

Microscopic, membrane-covered projections of absorptive epithelial cells that contain brush-border enzymes (listed
in Table 24.5) and that increase surface area for digestion and absorption.

Type of penstalsis: aliernating contractions of circular smoeoth muscle fibers that produce segmentation and
resegmentaticn of sections of small intestine; mixes chyme with digestive juices and bnngs food into contact with
mucosa for absorption.

Type of penstalsis: waves of contraction and relaxation of circular and longitudinal smooth muscle fibers passing the
length of the small intestine; moves chyme toward ileocecal sphincter.




TABLE 24.5
|

Summary of Digestive Enzymes

ENZYME SOURCE SUBSTRATES PRODUCTS
SALIVA
Sallvary amylase Salivary glands. Starches (polysacchandes). Maltose (disaccharde),
maltotriose (tnsacchande), and
a-dexinns.
Lingual lipase Lingual glands in tonguc. Trglycendes (fats and oils) and other Fatty acids and diglycendes.
lipads.
GASTRIC JUICE
Pepsin (activated from Stomach chief cells. Proteins. Peptides.
pepsinogen by pepsin and
hydrochloric acid)
Gastric lipase Stomach chief cells. Triglycendes (fats and oils). Fatty acids and monoglycendes.
PAMNCREATIC JUICE
Pancreatlc amylase Pancreatic acinar cells. Starches (polysacchandes). Maltose (disacchande),
maltotnose (tnsacchande), and
a-dexinns.
Trypsin (activated from Pancreatic acinar cells. Proteins. Peptides.
trypsinogen by enterokinase)
Chymotrypsin (activated from Pancreatic acinar cells. Proteins. Peptides.
chymotrypsinogen by trypsing
Elastase (activated from Pancreatic acinar cells. Proteins. Peptides.
proelastase by trypsing
Carboxypeptidase (activated Pancreatic acinar cells. Amine ackd at carboxy] end Amino acids and peptides.
from procarboxypeptidasa of peptides.
by trypsin)
Pancraatlc lipasa Pancreatic acinar cells. Trnglycendes (fats and ols) Fatty acids and monoglycendes.
that have been emulsified by bile salts.
MNucleases
Ribonucleasa Pancreatic acinar cells. Ribonucleic acid. MNucleotides.

Deoxyribonuclease Pancreatic acinar cells. Deoxynbonuckeic acad. MNucleotides.



TABLE 24.5

summary of Digestive Enzymes

Nucleases
Ribonuclease
Deoxyribonuclease

a-Daxtrinase

Maltase

Sucrase

Lactase

Enterokinase

Peptidases
Aminopeptidase
Dipeptidasa

Nucleosidases and
phosphatases

Pancreatic acinar cells.

Pancreatic acinar cells.

BRUSH-BORDER ENZYMES IN MICROVILLI PLASMA MEMBRANE

Small intestine.
Small intestine.
Small intestine.
Small intestine.

Small intestine.

Small intestine.
Small intestine.

Small intestine.

Ribonucleic acid.
Deoxynbonucleic acid.

a-Dexinns.
Mlaltose.
Sucrose.

Lactose.
Trypsinogen.

Amino ackd at amino end of peptides.

Dhpeptides.
Mucleotides.

MNucleotides.

MNucleotides.

Glucose.

Glucose.

Glucose and fructose.
Glucose and galactose.

Trypsin.

Amino acids and peptides.
Amino acids.

Mitrogenous bases, pentoses, and
phosphates.



LARGE INTESTINE

QThe large intestine is the“terminal portion"ofithe Gl

fract.

OThe overall functions of the large intestine are the

completion of absorption, the production of certain
vitamins, the formation of feces, and the expulsion of
feces from the body: -+ »=

~ Wiamne bard K ok %063@ in Wve



FUNCTIONS OF THE LARGE INTESTINE
I— Figure 24.23 Anatomy of the large intestine. I

1. Haustral churning, peristaisis, produce some B vitamins and

@ The regions of the large intestine are the cecum, colon, and mass peristalsls drive vitamin K.

rectum, and anal canal. contents of colon into rectum. 3. Absorption of some water, lons,
2. Bacterla In large Intestine and vitamins.
. convert proteins to amino adds, 4 Formation of feces.
o ' -
B ) \Q@CAH yb‘\)\o}:y,yql (\Q@e IY})&HH@) SVSoe= & break down amino adds, and 5. Defecation (emptying rectum). y
< TRANSVERSE COLON > _
Po- I3 '). .
Right colic S N & B Leftcolic
(hepatic) L . s > (splenic)

flaxure

Internal anal
sphincter
(involuntary)

External anal
sphincter

ANAL CANAL

ANUS

(a) Angerior wew of large intastine showing (b) Frontal section of anal canal



Figure 24.24 Histology of the large intestine.
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MECHANICAL DIGESTION IN THE LARGE

INTESTINE

 The passage of chyme from the ileunminto'the ¢écum is regulated by the action of the
ileocecal sphincter.

] Normally, the valve remains partially closed so that the passage of chyme into the cecum
usually occurs slowly.

J Immediately after a meal, a gastroileal reflex intensifies peristalsis in the ileum and forces
any chyme into the cecum.

1 The hormone gastrin also relaxes the sphincter.

O Whenever the cecum is distended, the ‘degree of contraction of the ileocecal sphincter
intensifies.

1
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MECHANICAL DIGESTION IN THE LARGE

INTESTINE

0 Movements of the colon begin when substances pass the ileocecal sphincter.

[ Because chyme moves through the small intestine at a fairly constant rate,(the fime

required for a meal to pass into the colon is determined by gastric emptying time.
Feln <
(O As food passes through the ileocecal sphincter, it fills the cecum and accuﬁuﬁes in the

ascending colonm fie begn horstol chuiiry — dloestion 1Emslclr<vbsbrce (begin i ascendiin t bolf bostees

(O One movement characteristic of the large intestine is iiiSiiaGHENMENn this process,
the haustra remain relaxed and become distended while they fill up. When the
distension reaches a certain point, the walls contract and squeeze the contents into the
next haustrum.

O

also occurs, although at a slower rate (3-12 contractions per minute) than in
more proximal portions of the tract.

5 |y <ome e Mﬁ)@ﬂ the hovetal cl'\w’m\@



Haustral churning
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MECHANICAL DIGESTION IN THE LARGE

INTESTINE

bseyphion To 1Emainda™sostarce)

¥
QA final type of movement is — a strong peristaltic

wave that begins at about the middle of the transverse colon—! e
and quickly drives the contents of the colon into the rectum.

dBecause food in the stomach initiates this gastrocolic reflex in the
colon, mass peristalsis usually takes place three or four times a
day, during or immediately after a meal.



CHEMICAL DIGESTION IN THE LARGE INTESTINE

J The final stage of digestion occurs in the colon through the activity of bacteria that

inhabit the lumen. Mucus is secreted by the glands of the large intestine, but no enzymes
are secreted.

(O Chyme is prepared for elimination by the action of bacteria, which ferment any
remaining carbohydrates and release hydrogenscarbon dioxide) and methanesgases:
latus (gas) in the colon) termed flatulence when it is excessive.

 Bacteria also convertrany fémaining proteins to amino acids and break down the amino
acids into simpler substances: indole, skatole,hydrogen sulfide, and fatty acids.

O Bacteria also decompose bilirubin to(simpler pigments)including stercobilin, which gives
o B - - < e e
feces their brown color.

(O Bacterial products that are FbSofbedlinntielcolonlinclide severalivitaminsineeded for

normabmetabolism, among them someBVitamins and vitaminiK:

> colled Plokulis whan excessive Cexmenicihion



ABSORPTION AND FECES FORMATION

IN THE LARGE INTESTINE

By the time chyme has remained in the large intestine 3-10 hours, it has | or

1
[

 Chemically, féceés consist of water, inorganic salts, sloughed-oft epithelial cells from the
mucosa of the gastrointestinal tract, bacteria, products of bacterial decomposition,
unabsorbed digested materials, and indigestible parts of food.

d Although 90% ofrallswaternabsorptionroccursyinnthesmallyintestine, the large intestine
absorbs enough to make it an important organ in maintaining the body’s water balance.

O The large intestine @lS6/abS0EBSHOHS, including sodium and chloride, and some vitamins.



THE DEFECATION REFLEX

Mass peristaltic movements push fecal material from the

sigmoid colon into the rectum.

QThe resulting distension of the rectal wall stimtilates Stretch
receptotrs, which initiates a defecation reflex that results in
defecation, the elimination of feces from the rectum through

the anus.




THE DEFECATION REFLEX

S
< The amount of bowel movements that a/person has over a given period of

time depends on various factors suchas diet, health, and stress.

<» The normal range of bowel act1v1ty Varlesjfrom two or three bowel
movements per day to thirce or four bowel movements per week.

O Diarthea is an increase in the frequency, volume, and fluid content of the
feces caused by increased¥motilityd of and decreasedwabsorption by the

intestines.

O COnSHPAEGH refers to infrequent or difficult defecation caused by decreased
metilityPof the intestines.



. B TABLE 24.6

Summary of Digestive Activities in the Large Intestine

STRUCTURE ACTIVITY FUNCTION(S)

Lumen Bactenal actiity. Breaks down undigested
carbohydrates, proteins, and amino
acids into products that can be
expelled in feces or absorbed and
detoxified by hiver; synthesizes
certain B vitamins and vitamin K.

Mucosa Secreics mucus. Lubnicates colon; protects mucosa.

Absorption. Water absorption sohdifies feces

and contnbutes to body's water
balance; solutes shsorbed include

wons and some vitamins.

Muscularis Haustral Moves contents from haustrum to
chuming. haustrum by muscular contractions.
Penstalsis. Moves contents along length of

colon by contractions of circular
and longitudinal muscles.

Mass penstalsis. Forces contents into sigmord colon
and rectum.

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



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 bolus, maneuvers food for deglutition, detects sensations for taste, and inibates digestion
of tnglycendes.

Sallvary glands Saliva produced by these glands softens, moisiens, and dissolves foods; cleanses mouth and teeth; imnates the digestion of starch.

Teath Cut, tear, and pulvenze food to reduce sohids to smaller particles for swallowing.

Pancreas Pancreatic juice buffers acidic gastnc juce 1n chyme, stops the action of pepsin from the stomach, creates the proper pH for digestion in the
small intestine, and participates in the digestion of carbohydrates, proteins, tnglycendes, and nucleic acids.

Liver Produces bale, which 1= required for the emulsification and absorption of hpids in the small intestine.

Gallbladder Stores and concentrates bile and releases it into the small intestine.

Mouth See the functions of the tongue, salivary glands, and teeth, all of which are in the mouth. Addiionally, the lips and cheeks keep food between
the teeth dunng mastication, and buccal glands liming the mouth produce saliva.

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

Esophagus Recerves a bolus from the pharynx and moves it into the stomach; this requires relaxation of the upper esophageal sphincter and secretion of mucus.

Stomach Mixing waves combine saliva, food, and gastnc juice, which activates pepsin, imtiates protein digestion, kills microbes in food, helps absorb

vitamin By, contracts the lower esophageal sphincter, increases stomach motility, relaxes the pylonc sphincter, and moves chyme into the
small intestine.

Small Intestine Segmentation mixes chyme with digestive juices; penstalsis propels chyme toward the 1leocecal sphincter; digestive secretions from the
small intestine, pancreas, and liver complete the digestion of carbohydrates, proteins, hpids, and nucleic acids; circular folds, vill, and
microvilli help absorb about 9% of digested nutnents.

Large Intastine Haustral churming, penstalsis, and mass penstalsis dnve the colomc contents 1nto the rectum; bactena produce some B vitammins and
vitamin K; absorption of some water, 1ons, and vitamins occurs; defecation.
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