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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)
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THE DIGESTIVE SYSTEM

(OThe digestive system contributes to homeostasis by breaking down feod into forms
that can be absorbed and used by body cells. It also absorbs water, vitamins, and minerals,
and it eliminates wastes from the body.

% The food we eat consists of molecules that are too large to be used by body cells. Therefore,
foods must be broken down into molecules that are small enough to enter body cells, a
process known as digestion.

« It extends from|the mouth to 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.

GI /alimentawy canal)

(OOrgans of the gastrointestinal tract include the mouth, most of the pharynx, esophagus,

stomach, small intestine, and large intestine.




THE DIGESTIVE SYSTEM

d_T;he accessory digesti‘V‘ejorgans include the teeth, tongue, salivary
glands, liver, gallbladder, and pancreas.

@ Ingestion: taking food into mouth. @Digestion: mechanical and
2. Secretion: release of water, acid, chemical breakdown of food.

buffers, and enzymes into lumen 5. Absorption: passage of digested
of Gl tract. o products from Gl tract into

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

& Gl tract. from Gl tract. J




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 23},

The four layers of the Gl tract, from deep to superficial, are the mucosa,
submucosa, muscularis, and serosa.

Submucosal plexus
(plexus of Meissner)

Duct of gland
outside tract
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pancreas)

Mucosa-associated
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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 efiteficihervous'systein and by
an extrinsic set of nerves that are part of the @utonomic

nervous system. Subsaroea i
’ = Myenteric plexus
| ,

inkinsic  Eaketic newous sustem

[X}(MSK Aul—onomic Nne(vous Sij"'ew

Submucous plexus
Muscularis mucosae

Mesenterium



Figure 24.3 Organization of the enteric nervous system.

@ The enteric nervous system consists of neurons arranged
into the myenteric and submucosal plexuses.

ENTERIC NERVOUS SYSTEM To ANS and
CNS neurons

MYENTERIC PLEXUS https://youtu.be/DG4fAdwdeS47?

7—\ si=30fv¥TY040b7nAac
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gxelanah oN

SUBMUCOSAL
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Longitudinal and circular -
smooth muscle layers Mucosal epithelium
of the muscularis
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ENTERIC NERVOUS SYSTEM

<> The neurons of the ENS are arranged into two plexuses: the myenteric plexus and
submucosal plexus.

(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.




Question 3 / 40

The submucosal plexus of the enteric nervous system is found:

. O Between the longitudinal
. O Within the circular smoot

1

2

3 (’&\V ithin the submucosa.
4,

CPWithin the serosa.

and circular smooth muscle layers of the muscularis.
h muscle layers of the muscularis.




ENTERIC NERVOUS SYSTEM

(O Because the motorneurons’ of the myenteric plexus 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.

(O The fmotor neurons of the submucosal plexus supply| the secretory cells|of the mucosal
epithelium, controlling the secretions of the organs of the GI tract.

< The interneurons of the ENS interconnect the neurons of the myenteric and
submucosal plexuses. The wall of the GI tract contains two major types of SEHSOLY
geceptors: (1) chemoreceptors, which respond to certain chemicals in the food present
in the lumen, and (2) mechanoreceptors, such as stretch receptors, that are activated
when food distends (stretches) the wall of a GI organ.




AUTONOMIC NERVOUS SYSTEM

v Although the neurons of the ENS can function independently, they
are subject to regulation by the neurons of the autonomic nervous
system.

v Fhe 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

(esk  and  diges
O1lIn _general, stimulation of the parasympathetic nerves that innervate

the GI tract causes an increase in GI secretion and motility by
increasing the activity of ENS neurons. Sub mucssal myentkedic
PlCXMS plexui

OIn_general, the sympathetic nerves that supply the GI tract cause a
decrease in GI secretion and motility by inhibiting the neurons of the
ENS. Emotions such as anger, fear, and anxiety may slow digestion
because they stimulate the sympathetic nerves that supply the GI tract.




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.

Gingivas (gums)

HARD PALATE (bony) forms - i ; ;
ﬁ et cl e coot ob ey icai, FAUCES is the opening batwaean the oral cavity and oropharynx.
ﬁ SOFT PALATE (muscular) forms — A
the rest of the mouth's roof. n

ﬁ UVULA prevents swallowed food ~

Palatoglossal arch

Palatopharyngeal arch

——— Palatine tonsil (betwaen the arches) /

from entering the nasal cavity. e
...... UE (lifted upward) forms the floor of the mouth,
ﬁ CI;IEEK.forms \atoral wal of manipulates food for chewing and swallowing, shapes food,
oral cavity. and senses tasta.

— MOLARS grind food. ——— LINGUAL FRENULUM limits movement of the tongue posterioriy.
e T \ < ' - /By - Opening of duct of submandibular gland

ﬁ crush and grin —\‘_k N ey i
food. p e \ -

_> GINGIVAE (GUMS) cover tooth socksts and help to anchor teeth.
CANINES tear food. 1ALAL
INCISORS cut food. S—
ORAL VESTIBULE is the space ——— ——U = INFERIOR LABIAL FRENULUM attaches inferior lip to gum.
betwaan the cheeks, lips, gums, ) £ 2
pixverstly i inferior lip (pulled down)

Anterior view



\ 2 3
Figure 24.6 The three major salivary glands—parotid, sublingual, and submandibular. The submandibular glands, shown in the
light micrograph (b). consist mostly of serous acini (serous fluid—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

Zyagomatic arch

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

el SUBMANDIBULAR GLAND
: SUBLINGUAL GLAND

Mylohyoid muscle

(a) Location of salivary glands



TONGUE

@ The tongue(is an accessory digestive organ composed of skeletal muscle covered with
C) mucous membrane.

O Together with its associated muscles, it forms the floor ofthe oral cavity. &

- 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. Ansbomy ¢ brins

inselbion o the otpin

(O The extrinsic muscles move 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.

O The intrinsic muscles 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.




Figure 24.7 A typical tooth and surrounding structures.

> A typical tooth

has three

L7 — sagitial

major external
regions: __ the

CrOwWn, root,

. /_r,,

and neck.

Sagittal saction of a mandibular (lower) molar

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

___——— ENAMEL (made of calcium salts)

protects the tooth from wear and tear.

—— DENTIN (calcified connective tissua)

makes up the majority of the tooth.

____— Gingival sulcus
— = Gingiva (gum)

—— PULP CAVITY contains pulp (connective

tissue containing nerves and blood vassals).

+——— CEMENTUM is a bone-like substance that

attaches the root to the periodontal ligament.
ROOT CANAL is an extension of the pulp
cavity that contains nerves and blood vessels

Alveolar bone

—— PERIODONTAL LIGAMENT helps anchor

the tooth to the underlying bone.

___— APICAL FORAMEN is an opening at the bas

of a root canal through which blood vessals,
lymphatic vessals, and nerves enter a tooth.

Nerve
Blood supply



MECHANICAL AND CHEMICAL DIGESTION

IN THE MOUTH

Or Mechanical digestion |in the mouth results from chewing, or mastication, in which food is

manipulated by the tongue, ground by the teeth, and mixed with saliva.

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

> Food molecules begin to dissolve in the water in saliva, an important activity because

O O

enzymes can react with food molecules in a liquid medium only.

Two enzymes, salivary amylase and lingual lipase, contribute to|chemical digestion|in the
mouth.

Salivary amylase, which is secreted by the salivary glands, initiates the breakdown of
starch. 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, ingested
disaccharides and starches must be broken down into monosaccharides.




MECHANICAL AND CHEMICAL DIGESTION

IN THE MOUTH

(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.




chemical digestion
é’nngeS

-

saliva(y omylase
Ly by 5a|i\/a(a9 g9lands

Fund—ion :
-imhioke beak down of shaich

d

monosaccharide

\

(in moubh ;nac\—(\/é’) \ingua‘ \ipaie
becomes aclive in L* by |in9ua’ @'anAS

acidic en v:'/o/\menL

Fundtion :

- breaks down dielacy

L[igltd cendes ([aks /ails)
b

Faﬂg acids /o{iglgcéliatc

dielawy catbohydiates
(.'/:n-ulio
moncsacchatile = mly can be absolbed
disacchacide(suget)

] ingcstea(

polgsaccha(ides (Sl’d(Cl’\)

fo become

monasacchande



7. What are the end products of carbohydrate digestion?

A. chylomicrons

B. amino acids

C. free fatty acids
D. monosaccharides

Answer is D: Monosaccharides or “simple” sugars.



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.
CGiow

RESULT

Foods uniformly chewed during mastication.

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

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

Swallowing and speech.

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.

Also +ongue
» The pharynx is composed of skeletal muscle and lined by mucous membrane, and is divided
into three parts: the nasopharynx, the oropharynx, and the laryngopharynx.
(espitatoty tespilato tespiltatory
—_ digeshion 0'59 éskion
(O The nasopharynx functions only in féspiration, but both the oropharynx and laryngopharynx
have digestive as well as respiratory functions.

> Swallowed food passes from the mouth into the oropharynx and laryngopharynx; 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

! stratified squamous
2 epithelium
"/U/\Cl".on & ) ’F Lamina propria
(O The_esophagus secretes mucus / - Transverse  Muscularis
and ?transports food into the ' = -
stomach. It does not produce
digestive enzymes, and it does MUSCULARIS

. (circular layer)
not carry on absorption.

SUBMUCOSA

MUSCULARIS
(longitudinal layer)

ADVENTITIA



42. What 1s the function of the esophagus in digestion?

A. It is a site of mechanical digestion.

B. It transfers food from the mouth to the stomach.

C. The oesophagus secretes amylase to begin carbohydrate digestion.
D. the oesophagus secretes hydrochloric acid.

Answer 1s B: It is merely a conduit to transfer food from the mouth to the
stomach



mmmm Figure 24.10 Deglutition (swallowing). During the pharyngeal stage (b) the tongue rises against the palate, the nasopharynx is closed —m—
off. the larvnx rises, the epiglottis seals off the larynx. and the bolus is passed into the esophagus. During the esophageal
&L\ 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.

O Peristalsis, a progression of
coordinated contractions and
relaxations of the circular

Nasopharynx 7N and longltud.lnal layers of
Hard palate the muscularis, pushes the
Soft palate bolus onward.
Uvula
Oropharynx
Epiglottis . TZo;:on%e r'i:es aﬁg‘ahst the
Lapcphee e

* The uvula and palate seal off
Larynx the nasal cavity.

« The epiglottis covers the

larynx.

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 2L 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 G => Pushes bolus down esophagus. a=
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
duodenum, the first part of

the small intestineﬂ

_~ Esophagus ~._
o =7 _— Relaxed I~
‘ ’ ,' muscularis (1441
\ _/.__----- Circular muscles || ]I |
: \ contract '

\ Relaxed muscularis |,

! \ ‘ - ! o

\ 8 Lcrgl wdinal fraas

A/ V muscles \ / esophageal
' contract sphincter

(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 functions of the stomach is to serve as a mixing chamber and holding
reservoir.

% At appropriate intervals after food is ingested, the stomach forces a small quantity of
material into the first portion of the small intestine.

% The position and size of the stomach vary continually; the diaphragm pushes it inferiorly
with each inhalation and pulls it superiorly with each exhalation. Empty, it is about the
size of a large sausage, but it is the most distensible part of the GI tract and can
accommodate a large quantity of food. Fosd &b

Sl'omaClA

(OIn _the stomach, digestion of starch and triglycerides continues, digestion of proteins
begins, the semisolid bolus is converted to a liquid, and certain substances are absorbed.

semisolid bolus = liquid



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

Duodenum
(first portion
of small
intestine)
=
CANAL

(a) Anterior view of regions of stomach

PYLORIC ANTRUM

1. Mixes saliva, food, and gastric denatures proteins), pepsin —
juice to form chyme. (begins 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 : =
| contains HCI (kills bacteria and )
FUNDLS The pylorus
Serosa communicates
Muscularis: with the duodenum of the
itudinal | o o .
e ¥ lsmall intestine via a
Circular layer smooth muscle sphincter
called the pyloric
Obfquelaver | sphincter.
Greater curvature The concave medial border

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




STOMACH

* ﬁ“ he stomach wallJis 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 ‘surface mucous cells.
L5 seciele aldaline mucus

<+ Parietal cells produce intrinsic factor (needed for absorption of vitamin B12) and
¢t hydrochloric acid.

\o¥) 9 Hcl
/

— hyolycetides d‘.gcshon
<+ The chief cells secrete pepsinogen and gastric lipase. .

L, inachve Somn  —> pepsin  ackive Foun {plo\-em Aigeshor\)

<+ The secretions of the mucous, parietal, and chief cells form gastric juice, which
totals 2000-3000 mL per day.




Which type of stomach cells that can secrete pepéit;6ggli:

! |
| U |
|

1. OParietal cells. ! Wy RS
2. OG cells. | R
3.\ @ Chief ¢ells. i\, 1o

4. O Surface mucus cells.

N

(OMucus neck gélls.‘

[ o Ay
| |



11. Which of the following pairs of substances are NOT secreted by the stomach
as part of “gastric juice”?

A. hydrochloric acid and pepsinogen
B. hormones and intrinsic factor

C. nuclease and amylase

D. mucus and gastrin

Answer is C: Nuclease and amylase are enzymes secreted by the pancreas



3. Which type of cell produces hydrochloric acid?

A. Zymogenic cells
B. Parietal cells
C. Chief cells

D. Enteroendocrine cells

Answer is B: The parietal cells of gastric glands produce hydrochloric acid.
(Zymogenic cells are the same as Chief cells, they produce pepsinogen).



6-The cell which Is responsible on
absorption the b12 (intrinsic factor)



Figure 24.12 Histology of the stomach. ‘

@ Gastric juice is the combined secretions of mucous cells, parietal cells, and chief cells.

— MUCOSA
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FiIGURE 24.12 CONTINUES ’

(a) Three-dimensional view of layers of stomach
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(b) Sectional view of the stomach mucosa showing gastric glands and cell types



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. Ly storage

v Instead, most waves begin @atithelbody of the stomach and intensify as they
reach thelantrum.

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

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. ¢l




MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

(O Another round of propulsion 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, retropulsion occurs 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.

(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. Gastric
emptying is a slow process: only about 3 mL of chyme moves through the
pyloric sphincter at a time.




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 salivary amylase from the salivary glands
continues. Soon, however, the churning action mixes chyme
O with acidic gastric juice, inactivating salivary amylase and
activating lingual lipase.

lingua\ lipase salivay glands

@Ilél/loz 15 &Y
Your oncle
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panc(cahc lipase panaeas



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

@=— Proton pumps, powered by ATP, secrete the H*; Cl @ HCl secretion by parietal cells can be stimulated by several
diffuses into the stomach lumen through ClI™ channels. sources: acetylcholine (ACh), gastrin, and histamine.

Chyme in e il y Lumen of Interstitial
stomach lumen in lamina propria stomach fluad

Acetyicholine
. {ACh)

H,0 + CO, —H,CO,—>H'+HCO,  Hco, ACh recaptor

- t HC| * Gastrin
Apical 2 Paristal call sacretion :
membrane Gastrin
receptor

e / Histamine
Histamine
receptor

Proton pump N Carbonic anhydrase
(H*—K* ATPase) Basolateral
ERS— membrane

K (potassium ion) HCO.

channel
x HCO4 —CI antiporter
CI (chilornde ion)

channel CI




REGULATION OF HCL SECRETION

\
g HCI secretion by parietal cells can be stimulated by several sources:

/ 1. Acetylcholine (ACh) is released by parasympathetic neurons.

—y
2. Gastrin secreted by G cells. 4, mach

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

< Acetylcholine and gastrin stimulate parietal cells to secrete more HCI in the
presence of histamine.2 In other words, histamine acts synergistically, g‘ﬁ
enhancing the effects of acetylcholine and gastrin. Receptors for all three
substances are present in the plasma membrane of parietal cells.




S~

5. What is the role of gastrin in the digestive system?

ocaw»

to stimulate release of bile and pancreatic juice
to stimulate parietal cells that secrete HCL

to activate pepsinogen

to hydrolyse proteins to polypeptides



REGULATION OF HCL SECRETION

> The_ﬁtrongly acidic fluid|of the stomach kills many microbes in food. Funckions

» HCI partially denatures (unfolds) proteins in food and stimulates the secretion of

hormones that promote the flow of bile and pancreatic juice.

> Enzymatic digestion of proteins also begins in the stomach.

(O The only proteolytic (protein-digesting) enzyme in the stomach is pepsin, which
is secreted by chief cells.

» Pepsin severs certain peptide bonds between amino acids, breaking down a
protein chain of many amino acids into smaller peptide fragments.

(OPepsin is most effective in the very acidic environment of the stomach (pH 2); it

becomes inactive at a higher pH.
v

peesinagan




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.

< Pepsinogen is not converted into active pepsin until it comes in
contact with hydrochloric acid secreted by parietal cells or active

pepsin molecules. ”C'}H ft;ia‘

“+Second, the stomach epithelial cells are protected from gastric
juices by a layer 1-3 mm thick of alkaline mucus secreted by
surface mucous cells and mucous neck cells.




41. Which of the following could NOT be used to describe pepsinogen?

A. itis a protein

B. it is a hormone

C. itis related to an enzyme
D. it is inactive

Answer i1s B: Pepsinogen is an inactive protein enzyme. But it is not a
hormone.



55. Correctly complete the sentence: Pepsinogen is

converted to pepsin by hydrochloric acid

converted to pepsin by intrinsic factor

secreted by the pancreas

involved in production of carbohydrate digesting enzymes

onw >



REGULATION OF HCL SECRETION

(O Another enzyme of the stomach is gastric lipase, which splits triglycerides (fats

and oils) in fat molecules (such as those found in milk) into fatty acids and
monoglycerides.

gaskic lipase =»  Higlycendes —» Faks —» Yalby acids / monog\ycetiol

(O This enzyme, which has a limited role in the adult stomach, operates best at a pH
of 5-6. More important than either lingual lipase or gastric lipase is pancreatic
lipase, an enzyme secreted by the pancreas into the small intestine.

» Within 2 to 4 hours after eating a meal, the stomach has emptied its contents into
the duodenum. Foods rich in carbohydrates spend the least time in the stomach;
high-protein foods remain somewhat longer, and emptying is slowest after a/fat-
laden meal containing large amounts of triglycerides.




TABLE 24. 3=

Summary of Digestive Activities in the Stomach

STRUCTURE

Mucosa (skomach)

Surface mucous
cells and mucous

neck cells

Parietal cells

Chief cells

G cells

Muscularis

Pyloric
sphincter

2- Sccrete

ACTIVITY

|- Secrete mucus.
—

2- Absorption.

|- Scecrctc intrinsic

factor.

hydrochloric
acid. HCl
Sccrete
pPopsinogcn.
T
Sccorcte gastric
Lipasc.

Sccorcte gastrin.

Gash.‘n

Mixing waves
tzentle poeristaltuc
movermcents .

Opcocns to pormit
passacc of
chymec into
duoodcnum.

RESULT

Forms protoective barmicer thar
proevents digestion of stomach
wall.

Small guantity of watcer, 1ons.
short—chain fatty acids. and somc
drugs enter bloodstream.

Necocdaed for abso on of vitamin
B,;> {(used in red blood ccll
formation. or crythropoicsis).

| - Kills microbes in food: denatures

protoins: converts pcpsino!_;cn into HC(
pepsin. 1-

——
Pcepsin (actuvated form) breaks
down protoins into peptides.
Splnts tmiglycerides imto fatty acids
and monoglyccerides.
Stimulates parictal cclls to sccorete
HC1 and chicf cclls to sccrete
Pocpsinoscn: contracts lower
csophagcal sphincter. increascs
motility of stomach. and relaxes
pylonc sphincter.
Churns and physically brecaks down
food and mixcs 1t with gastric
Juice. foronmng chyme. Forces
chyme through pyloric sphincter
Regulates passage of chyme
from stomach to duodcecnum:

prevents backflow of chyme from
duocdecnum to stofnach.




93. Which fluid within the body is likely to have the LOWEST pH?

A. the chyme in the ileum.
B. saliva.
C. the blood.

D. the chyme in the stomach.

Answer i1s D: The stomach contents are the most acidic, that is, has the lowest
pH.



true false Jl&w
The lowest PH in the small intestine
false awlg=>



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 digestive organs and their contributions to
digestion in the small intestine.




Figure 24.15 Relationship of the pancreas to the liver, gallbladder, and duodenum. The inset (b) shows details of the common ' e
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 lgament

Left hepatic duct
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Hepabopancreatc
ampulla (ampulla Uncinate process Sphincter of the hepatopancreatc
of Vater) ampuilla (sphincter of Oddi)

(&) Antenor view (b} Details of hepatopancreatic ampulla



PANCREAS

7
> The pancreas, 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.

» The pancreas consists of a head, a body, and a tail and is usually connected
to the duodenum by two ducts.

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



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.

(OTrypsin is secreted in an inactive form called trypsinogen.
Active lnackive

> Pancreatic acinar cells also secrete a protein called trypsin inhibitor that combines with any
Active trypsin formed accidentally in the pancreas or in pancreatic juice and blocks its enzymatic

activity.

O When trypsinogen reaches the lumen of the small intestine, it encounters an activating brush-border
enzyme called enterokinase, which splits off part of the trypsinogen molecule to form trypsin.

beypsinogen meel enleioKinase = Typsio (Active)



76. What are the cells in the pancreas that secrete “pancreatic juice” called?

hepatocytes

Peyer’s patches

the acini

islets of Langerhans

oaw >



LIVER AND GALLBLADDER

» The liver is the heaviest gland of the body, weighing about 1.4 kg (about 3
Ib) 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 (34 in.) long and typically hangs

from the anterior inferior margin of the liver.




—
Figure 24.16 Histology of the liver.

O Histologically, the liver Is composed of hepatocytes, bile canalicull,
and hepatic sinusolds.

Infzrior vena cava
Hepatic artery
Hepatic portal vein

(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.

NUTRIENT-RICH,
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LIVER AND GALLBLADDER

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 and toxins
from the gastrointestinal tract. - T

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 gastrointestinal tract passes through the liver as part of the hepatic portal

circulation, the liver is often a site for metastasis of cancer that originates in the GI tract.

Jlen!



40. Alobule of the liver contains several blood vessels. Which one carries nutrient-
rich blood from the small intestine?

hepatic artery proper
hepatic portal vein
central vein

bile ductule

oaw»



Branches of both the hepatic artery and the hepatic portal vein carry blood into hepatic sinusoids, where oxygen,

1. @ Trye.
2. OFalse.

most of the nutrients, and certain toxic substances are taken up by the hepatocytes.




FUNCTIONS OF THE LIVER AND GALLBLADDER

O Each day, hepatocytes secrete 800-1000 mL (about 1 qt) of bile, a yellow, brownish, or olive-green
liquid. It has a pH of 7.6-8.6 and consists mostly of water, bile salts, cholesterol, a phospholipid
called lecithin, bile pigments, and several ions.

O The principal bile pigment is bilirubin.

o= | 2 3
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.

> is partially an excretory product and partially a digestive secretion. > pocess of faming a shable

mixture of liquids

OlBile salts) which are 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. Yy

» 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.




33. What is the function of bile salts?

A. To assist the absorption of digested lipids
B. To emulsify lipids

C. To hydrolyse lipids

D. To digest lipids



6. Which liver cells produce bile?

A. Kupffer cells
B. sinusoids
C. hepatocytes
D. the acini

Answer is C: Hepatocytes are liver cells. Kupffer cells are macrophages, while
sinusoids are blood capillaries.



78. Which of the following is a function of bile?

A. To attach to vitamin B12 to allow it to be absorbed.

B. To activate trypsinogen, chymotrypsinogen and procarboxypeptidase.
C. To digest fats.

D. To disperse large lipid globules into smaller droplets.
A
Answer 1s D: This 1s known as emulsification.



5- function the bile (degradation the
lipid)



FUNCTIONS OF THE LIVER AND GALLBLADDER

O Digestion and absorption continue in the small intestine, bile
release increases.

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 sphmcter surrounds the hepatopancreatic
ampulla. Y.

aaaaaaaaaaaa
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Hepatopancreatic ampulla




23. Which of the following is TRUE of bile?

A. it converts inactive pancreatic enzymes to active form.

B. needed in the small intestine for the digestion of fats.

C. synthesised by the gall bladder.

D. needed in the small intestine for the emulsification of fats.

Answer is D: bile emulsifies (rather than digests) fat. It is stored (but not syn-
thesised) in the gall bladder.
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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.

1. Carbohydrate metabolism: The liver is especially important in maintaining a normal blood glucose
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.

2. Lipid metabolism: Hepatocytes store some triglycerides, synthesize cholesterol; and use cholesterol
to make bile salts.

3. Protein metabolism: 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,
albumin, prothrombin, and fibrinogen.




48. The liver is able to deaminate amino acids forming ammonia in the process.
What happens to the ammonia?

A. It is phagocytosed by Kupffer cells.

B. It is used in transamination to form non-essential amino acids.
C. It is converted to bile to be excreted via the gut.

D. It is converted to urea for excretion by the kidneys.

Answer is D: Urea is the molecule and vehicle for excretion of human nitrog-
enous waste.



50. If blood glucose is high, what does the liver do about it?

A. The liver converts glucose to glycogen or triglycerides.
B. The liver performs glycogenolysis.

C. The liver performs gluconeogenesis.

D. The liver transaminates glucose to produce amino acids.



® 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.

4. Processing of drugs and hormones: 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 hormones and steroid hormones such as estrogens and aldosterone.

5. Excretion of bilirubin: 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. Synthesis of bile salts: Bile salts are used in the small intestine for the emulsification and
absorption of lipids.




® 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. AS |
( AKED , 812)

7. Storage: In addition to glycogen, the liver is a prime storage site for certain vitamins (A, B12, D, E,
and K) and minerals (iron and copper), which are released from the liver when needed elsewhere in

the body.

8. Phagocytosis: The stellate reticuloendothelial (Kupffer) cells of the liver phagocytize aged red blood
cells, white blood cells, and some bacteria.

9. Activation of vitamin D: The skin, liver, and kidneys participate in synthesizing the active form of
vitamin D.




SMALL INTESTINE

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

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.




Figure 24.18 Anatomy of the small intestine. (a) Regions of
the small intestine are the duodenum, jejunum. and
tleum. (b) Circular folds increase the surface area
for digestion and absorption in the small intestine.

@ Most digestion and absorption occur In the small Intestine.
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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




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

Submucosa

Muscularis
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(a) Wall of the duodenum



8. What feature of the small intestine enhances its ability to absorb digested
food?

its large surface area

the gaps between adjacent epithelial cells
secretion of the hormone absorptin

its longer length compared to the large intestine

oaw >



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).

\—\CO‘3

% O The alkaline pH of intestinal juice is due to its high concentration of
bicarbonate ions.

HCa,~

(OThe absorptive cells of the small intestine synthesize several
digestive enzymes, called ‘brush-border enzymes, and insert them in
the plasma membrane of the microvilli.




ROLE OF INTESTINAL JUICE AND BRUSH-BORDER

ENZYMES

(OThus, 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 four carbohydrate-digesting enzymes
called a-dextrinase, maltase, sucrase, and lactase; protein-digesting
enzymes called peptidases (aminopeptidase and dipeptidase); and
two types of nucleotide-digesting enzymes, nucleosidases and
phosphatases.
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MECHANICAL DIGESTION IN THE SMALL

INTESTINE

O The two types of movements of the small intestine —Segmentations
and a type of peristalsis called migrating motility complexes—are
governed mainly by the myenteric plexus.

mo\'a'i‘—_D

» 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.




1- Movement the digestive food with
mixing the enzyme (segmention)



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 in the ileum. 1
7\

(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 mouth
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.

J These forms are monosaccharides (glucose, fructose, and

galactose) from

carbohydrates) single amino acids, dipeptides, and tripeptides from

[ proteins;jand fatty acids, glycerol, and monoglycerides from|

triglycerides. |

1 Passage of these digested nutrients from the gastrointestinal tract into the

blood or lymph is called absorption.




ABSORPTION IN THE SMALL INTESTINE

OAbsorption of materials occurs via diffusion, facilitated
diffusion, osmosis, and active transport.

4 OAbout 90% of all absorption of nutrients occurs in the
small intestine; the other 10% occurs in the stomach and
large intestine.

OAny undigested or unabsorbed material left in the small

intestine passes on to the large intestine.
—_— —




11-Most absorption occurs in the
stomach(false)



Figure 24.27 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 digested 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 ACTIVITY

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

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

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

0 / Major site of digestion and absorption of nutrients and water in gastrointestinal tract.

Secrete intestinal juice to assist absorption.
Digest and absorb nutrients. /synbhesize biush boidel enzymes

Goblet cells Secrete mucus.
Enteroendocrine cells (S, CCK, K)  Secrete secretin, cholecystokinin, and glucose-dependent insulinotropic peptide.
Paneth cells Secrete lysozyme (bactericidal enzyme) and phagocytosis.
Duodenal (Brunner’s) glands Secrete alkaline fluid to buffer stomach acids, and mucus for protection and lubrication.
Circular folds Folds of mucosa and submucosa that increase surface area for digestion and absorption.
Vil Fingerlike projections of mucosa that are sites of absorption of digested food and increase surface area for digestion
and absorption.
Microvilll 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.

Segmentation Type of peristalsis: alternating contractions of circular smooth muscle fibers that produce segmentation and
resegmentation of sections of small intestine; mixes chyme with digestive juices and brings food into contact with
mucosa for absorption.

Migrating motllity complex Type of peristalsis: waves of contraction and relaxation of circular and longitudinal smooth muscle fibers passing the

(MMCQ) length of the small intestine; moves chyme toward ileocecal sphincter.




TABLE 24.5
|

Summary of Digestive Enzymes

ENZYME

Sallvary amylase

Lingual lipase

Pepsin (activated from
pepsinogen by pepsin and
hydrochloric acid)

Gastric lipase

Pancreatic amylase

Trypsin (activated from

trypsinogen by enterokinase)

Chymotrypsin (activated from
chymotrypsinogen by trypsin)

Elastase (activated from
proelastase by trypsin)

Carboxypeptidase (activated
from procarboxypeptidase
by trypsin)

Pancreatic lipase

Nucleases
Ribonuclease
Deoxyribonuclease

SOURCE

Salivary glands. (moulh

Lingual glands in tongue.

Stomach chief cells.

Stomach chief cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

Pancreatic acinar cells.

SUBSTRATES

Starches (polysaccharides).

Triglycerides (fats and oils) and other
lipads.

Proteins.

Triglycerides (fats and oils).

Starches (polysaccharides).

Proteins.

Proteins.

Proteins.

Amino acid at carboxyl end
of peptides.

Triglycerides (fats and oils)

that have been emulsified by bile salts.

Ribonucleic acid.
Deoxynibonucleic acid.

PRODUCTS

- Maltose (disaccharide).
- maltotriose (trisacchanide), and
- a-dextrins.

Peptides.

Fatty acids and monoglycerides.

Maltose (disaccharide).
maltotriose (trisaccharide), and
a-dextrins.

Peptides.

Peptides.

Peptides.

Amino acids and peptides.
Fatty acids and monoglycerides.
—

Nucleotides.

Nucleotides.

p(okeins

&

Peaoholes
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TABLE 24.5

Summary of Digestive Enzymes

Nucleases
Ribonuclease Pancreatic acinar cells. Ribonucleic acid. Nucleotides.
Deoxyribonuclease Pancreatic acinar cells. Deoxynbonucleic acid. Nucleotides.
BRUSH-BORDER ENZYMES IN MICROVILLI PLASMA MEMBRANE
a-Dextrinase Small intestine. a-Dextrins. Glucose.
Maltase Small intestine. Maltose. Glucose.
Sucrase Small intestine. Sucrose. Glucose and fructose.
Lactase Small intestine. Lactose. Glucose and galactose.
Enterokinase Small intestine. Trypsinogen. Trypsin.
Peptidases
Aminopeptidase Small intestine. Amino acid at amino end of peptides. Amino acids and peptides.
Dipeptidase Small intestine. Dipeptides. Amino acids.
Nucleosidases and Small intestine. Nucleotides. Nitrogenous bases, pentoses, and

phosphatases phosphates.



LARGE INTESTINE

QThe large intestine is the terminal portion of the GI
tract.

QThe 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.




FUNCTIONS OF THE LARGE INTESTINE
|

Figure 24.23 Anatomy of the large intestine.

@ The regions of the large intestine are the cecum, colon, and mass peristalsts drive vitamin K. - KB -
rectum, and anal canal. m °f colon into rectum. 3 Absorption of some water, lons,

convert proteins to amino adds, 4 Formation of feces.

TRANSVERSECOLON

Right colic Left colic '/ 77 Rectum
(hepatic) (splenic) ' !
flexure flexure
ASCENDING Anal canal
COLON DESCENDING
Teniae otom
coli Omental

appendices

Haustra Internal anal
lleocecal gphnncter
sphincter (involuntary)
faal External anal
CECUM SpNhCior

SIGMOID
COLON

(voluntary)
RECTUM

\ ANAL CANAL

ANUS

VERMIFORM APPENDIX

(a) Angerior vjew of large intestine 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

J The passage of chyme from the ileum into the cecum is regulated by the action of the
ileocecal sphincter.

J 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.

ﬁ( J The hormone gastrin also relaxes the sphincter.

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



MECHANICAL DIGESTION IN THE LARGE

INTESTINE

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

) Because chyme moves through the small intestine at a fairly constant rate, the time
required for a meal to pass into the colon is determined by gastric emptying time.

(O As food passes through the ileocecal sphincter, it fills the cecum and accumulates in the
ascending colon.

(O One movement characteristic of the large intestine is haustral churning. In 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 Peristalsis also occurs, although at a slower rate (3-12 contractions per minute) than in
more proximal portions of the tract.




Haustral churning
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MECHANICAL DIGESTION IN THE LARGE

INTESTINE

QA final type of movement is mass peristalsis, a strong peristaltic
wave that begins at about the middle of the transverse colon
and quickly drives the contents of the colon into the rectum.

Because 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

- 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 hydrogen, carbon dioxide, and methane gases.

These gases contribute to flatus (gas) in the colon, termec- when it is excessive.
el Zlaz!
J Bacteria also convert any remaining 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
feces their brown color.

OBacterial products that are absorbed in the colon include several vitamins needed for
normal metabolism, among them some B vitamins and vitamin K. ){G




ABSORPTION AND FECES FORMATION

IN THE LARGE INTESTINE

- By the time chyme has remained in the large intestine 3-10 hours, it has become solid or
semisolid because of water absorption and is now called feces.

J Chemically, feces consist of water, inorganic salts, sloughed-off 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% of all water absorption occurs in the small intestine, the large intestine
absorbs enough to make it an important organ in maintaining the body’s water balance.

[ The large intestine also absorbs ions, including sodium and chloride, and some vitamins.

Ng™ Cl~




THE DEFECATION REFLEX

1Mass peristaltic movements push fecal material from the
sigmoid colon into the rectum.

gl
dThe resulting distension of the rectal wall stimulates Stieteh

receptors, which initiates a defecation reflex that results in

@efe@@tion, the elimination of feces from the rectum through
the anus.




THE DEFECATION REFLEX

<+ The amount of bowel movements that a person has over a given period of
time depends on various factors such as diet, health, and stress.

<» The normal range of bowel activity varies from two or three bowel
movements per day to three or four bowel movements per week.

(O Diarrhea is an increase in the frequency, volume, and fluid content of the
feces caused by increased motility of and decreased absorption by the

intestines.

O Constipation refers to infrequent or difficult defecation caused by decreased
motility of the intestines.




TABLE 24.6

Summary of Digestive Activities in the Large Intestine

STRUCTURE ACTIVITY FUNCTION(S)

Lumen Bactenal 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 solidifics feces
—

and contributes to body’s water
balance; solutes absorbed include
1ons and some vitamins.

Muscularls 14 Haustral Moves contents from haustrum to
chuming. haustrum by
2 Penstalsis. Moves contents along length of
colon by contractions of circular
and longitudinal muscles.
4 Mass penstalsis. Forces contents into sigmoid colon
and rectum.

H 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) 2\‘

Tongue Mancuvers food for mastication, shapes food into a bolus, mancuvers food for deglutition, detects sensations for taste, and initiates digestion
of triglycendes.

Sallvary glands Saliva produced by these glands softens, moistens, and dissolves foods; cleanses mouth and tecth; initiates the digestion of starch.

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

Pancreas Pancreatic juice buffers acidic gastric juice in 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, triglycenides. and nucleic acids.

Liver Produces bile, which is required for the emulsification and absorption of lipids 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. Additionally, the lips and cheeks keep food between
the teeth during mastication, and buccal glands lining the mouth produce saliva.

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

Esophagus Receives 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 gastric juice, which activates pepsin, initiates protein digestion, kills microbes in food. helps absorb

vitamin B;,, contracts the lower esophageal sphincter, increases stomach motility, relaxes the pylonic sphincter, and moves chyme into the
small intestine.

Small Intestine ¥ Segmentation mixes chyme with digestive juices: peristalsis propels chyme toward the ilcocecal sphincter: digestive secretions from the
small intestine, pancreas, and liver complete the digestion of carbohydrates, proteins, lipids, and nucleic acids; circular folds, villi, and
microvilli help absorb about 90% of digested nutrients.

Large Intestine Haustral chuming, peristalsis, and mass penistalsis drive the colonic contents into the roctum—
-; absorption of some water, ions, and vitamins occurs; defecation.




Which of the following presents the structures through which chyme travels in
the correct sequence?

A. oesophagus, ileum, duodenum, ileo-cecal valve, transverse colon, rectum
B. stomach, duodenum, ileum, transverse colon, ileo-cecal valve, rectum

C. stomach, duodenum, transverse colon, ileum, rectum, ileo-cecal valve,

D. ileo-cecal valve, stomach, duodenum, transverse colon, ileum, rectum






