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THE DIGESTIVE SYSTEM

- 5 by breaking down food into forms
that can be gbsorbed 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 pwn as digestion,

% It extends from the mouth to the anus, forms an extensive surface area in contact with the
external environment, and is closely iated with the cardi lar system. The|

W} tract or ali y canal is a i tube that extend
hrough the thoracic and abdominopelvic cavities.
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THE DIGESTIVE SYSTEM

% The accessory digestive organs include the

r. andpanereas

FUNCTIONS OF THE DIGESTIVE SYSTEM

1. Ingestion: taking food into mouth. 4. 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. products from GI tract into
3. Mixing and propulsion: churning ~ blood and lymph.
and movement of food through 6. Defecation: elimination of feces
|\ Gltract from Gl tract.

. stomach JI (8 Gusy digestion JI adaso 4
large and JI ($ &asy digestion JI pasy *¥
. small intestines
small JI 8 Gasy absorption JI pbase 4
ey absorption e 7\ oI 79+ duwdug intestine
. large intestine Jlg stomach JI 8

. Oli1L98l Guyb (e chemical digestion JI¥¥
&b e Mechanical digestion JI*¥
.contraction/!

. plexuses &b oe both digestion yuway &%
J! B 8os>gall neurons Jl dcgazo : plexus JI*4
.Gl system

: Type of plexuses*¥
Jdl déhiey 0g=>g0 submucosal plexus -\
o< secretion Jl 8ol e Josuwo ld submucosa
. (chemical digestion) &b
JI débiay 0g>g90 Myenteric plexus -Y
o< contraction Jl 8ol e Joguo muscularis
.mechanical digestion g,b
. parasympathetic ¢ contraction J! sy L,b“
.sympathetic g» relaxation J! suj ub“
Jl 8oL e Joguo b o» parasympathetic JI*¥
. digestion



NEURAL INNERVATION OF THE GI TRACT

The gastrointestinal tract is regulated by an intrinsic set
of nerves known as the enteric nervous system and by
an extrinsic set of nerves that are part of the autonomic
nervous system.
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ENTERIC NERVOUS SYSTEM

< The neurons of the ENS are arrange:

J tM» and

(us is located between the |

< The plexuses of the ENS consist of motor neurons, interneurons. and sensory

neurons.

AUTONOMIC NERVOUS SYSTEM

¥ Although the neurons of the ENS can function 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.
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d The m is_an_accessory digestive organ compesed of skeletal muscle covered with
mucous membrane,

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

which originate outside the tongue (attach to bones in
e tissues in the tongue

1 i 8 move the tongue from side to side and in and out to maneuver food
for d\unn&, 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

Jmm 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,
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MECHANICAL AND CHEMICAL

IN THE MOUT

~ 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 a result, 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
enzymes can react with food molecules in a liguid medium only.

» Two x:nLymus,M and m‘ contribute to chemical digestion in the

mouth,

» Salivary amylase, which is secreled by the salivary glands, initiates the breakdown of

starch 8 are either haride and disaccharide sugars or
complex ch as starches. Most of the urhnhydrales we eat are starches,
but only monosaccharides can be absorbed into the blood: Thus, ingested

disaccharides and starches must be broken down into mongsaccharides.

MECHANICAL AND CHEMICAL DIGESTION
IN THE MOUTH

Saliva also contains “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
glycerol molecule that is attached to two fatty acids.
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PHARYNX

~ 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.

’n is composed of skeletal muscle and lined by mucous membrane, and is divided

into three parts: the nasopharynx, the oropharynx, and the laryngopharynx

» but both the oro, ynx and laryngopharynx
have digestive as well as respiratory functions,

~ Swallowed food passes from the mouth into the gropharynx and laryngopharyny; the
5 and then into the

muscular contractions of these areas help propel food into the esophagu:

stomach,
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and transports food into the

stomach. It _does not produce
digestive enzymes, and it does
not carry on absorption.
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The _ pylorus
communicates

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.
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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 u

%y L L3S Ladal Ty
@ produce intrinsic factor (needed for absorption of vitamin B12) and
| hydrochloric acid.

< The chief cells secrete pepsinogen and gastric lipase. .

< The secretions of lh-\ - and - form gastric juice, which

totals 2000-3000 mL per day.



oa>9 JSg stomach JI 8 oog=>gall LASJI glgil *¥
S JSYI S Towiy Lb enzymes glgil @i yiwl
surface mucous cells -\

mucous neck cells -¥

blsall Lol Gle Josiy LASJI (o (uesd] Jodo

adle +H JI s 3 (((sa<ld) alkaline g blsall)
00 (4e9d g9 dlasdl (o £o5 Zli>ud stomach Jb
s Lol

Jol=ws alkaline 90 mucous Jl «l @ gl

. 0a=olb 8og>g0dl dbgoasl

very 4e8e odalb lus>oll membran JI 4l :dasUll
.thick

ihdle HCI 31,81 Lle Josiy parietal cells*¥

ke acluw intrinsic factor Jlg intrinsic factor
oy absorption JI pdhso cie lie B12 (oluisl
JU ey dio cj=> SJg small intestine Ju

Jdl o oo=>g large intestine Jlg stomach

&b oe stomach Jb ,uaiy Sb absorption
.intrinsic factor

. pepsinogen jlél Jle Joxiy chief cells*4

.hormone gastrin I8l Lle Jo=s G cells“i
S Ologidl oo lgil ¥ s lipid J 4

.09l juwsSS Lle Josy gastric lipase -)
.salivary gland J! ¢ lingual lipase -V

. pancreas J! ¢» pancreatic lipase -

T Figure 23.12 na.‘...-..—n'
l (@ i s oot mon o et el it s i

L Olad € oe 8)le Gl Jl Olaws ¥

oxce) network of neurons JI oo oucss awd ¥
(plexuses JI oo

o0 degoso) ] aadalb myenteric plexus -\
Jlg contraction JI Lle Sl Lb wlacl

( relaxation

wlaci] (o degao) submucosal plexus -Y



8obj e doguo (Gl Jb auldl addally 00g=g0 oSy
a9 digestion JL «¥ ( Wljl,9¥ 60Lj) secretion
a9 JSW complete digestion jway G (ucys

( chemical, mechanical)

mechanical g secretion JJI «>l : chemical
contraction JJI axl>u

a>uil uasy secretion Jl go goady pj3 JSAI dyladly
.complete digestion jway contraction !

[iSe—p—
acwtEs hydocione
. and e tachn).
O CEL e
| pepmnagen s
A Ol

<
‘ i ==
e | —— 9‘1“;‘ :
Submne _—

) Sectonal view of e siommch mucoss showeng Gastric glands and call igwes

Gl Jb &
J contractions ! ¢ oujw parasympathetic J!
Muscularis J! dikios 80g>g90Jl smooth muscle

J relaxation Jo=u$ J& sympathetic JI oI

. smooth muscles

MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

v Sey eml mmute: aﬂer fwd enters the stomach, waves of peristalsis pass over the

v Few pcnsmlh( waves are observed in the fi@is, which primarily has a storage
function

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

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

v The | normmally remains almost, but not completely, closed.
Because most food particles in the stomach initially are too large to fit through
the narrow pyloru sphmcter, they are forced back into the body of the stomach

MECHANICAL AND CHEMICAL

DIGESTION IN THE STOMACH

¥ Another round of mlhen 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.

v The net result of these movements is that gastric contents are mixed with

gaﬁlnc juice, ucntuall) hxcnmin}, mdund to_a soupy liquid called chyme
an pass through the
pyloric_ sphmcler a phenomen,, l\nown as | Gastric
emptying is a slow process: only about 3 mL of chyme moves through the
pyloric sphincter at a time
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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 EHyen
with acidic gastric juice, inactivating salivary amylase and
activating lingual lipase.
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REGULATION OF HCL SECRETION

) is released by parasympathetic neurons.

2. (GESHR s creted by G cells.

3. w which is a paracrine substance released by mast cells in
the ”('.ll"l‘)‘ ].ln]lll‘l pr(\prm.

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

REGULATION OF HCL SECRETION

The strongly acidic fluid of the stomach kills many microbes in food.

~ HCl partially denatures (unfolds) proteins in food and stimulates the secretion of
hormones that promote the flow of bile and pancreatic juice.

The only proteolytic (ﬁrutcin-digcsling) 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,

Pepsin 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.

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

+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.



REGULATION OF HCL SECRETION

~ 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,

~ This enzyme, which has a limited role in the adult stomach, operates best at a pH
of 5-6. More important than_gither 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.
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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.
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is produced in the stomach as
cells of the pancreas itself.

Because they are inactive, the enzymes do not digest

~ The protein-digesting enzymes of the E.\ncu-.ls are produced in an inactive form just as pepsin

smau s3a basic pH £ Las
Trypsin is secreted in an inactive form ull‘dm‘jﬂy L active uess active
small intestine J

» 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
activity.
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enzyme calledy which splits off part of the trypsinogen molecule to form trypsin,
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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 (3-4 in.) long and typically hangs
from the anterior inferior margin of the liver.
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FUNCTIONS OF THE LIVER AND CALLBLADDER

~ Each day. hepatocytes secrete 800-1000 mL L uumu'wh.,unhxwm
liguid. It has a pH of 7.6-8.6 and of water, bile salts, cholesterol, a_phospholipid

called lecithin, bile pigments, and se¥eral 1ons.

| bile pigment is bilirubin,

giithe bilirubin is secreted into the bile and is eventually broken
s breakdown products. = gives feces their normal brown

- Bile is partially an excretory product and partially a digestive secretion

» Bile 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.

» 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.
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FUNCTIONS OF THE LIVER AND GALLBLADDER

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

» Between meals, after most absorption has occurred, bile flows
into the gallbladder for storage because the sphincter of the
hepatopancreatic ampulla gloses off the entrance to the
duodenum. The sphincter surrounds the m_)
ERPUIIA 5o oo bile JU 35 ptgll oLl any) . duct JI 30 5s% olSe A
. ( galibladder J! s4
bile JI ;35 ki Gays gallbladder J!

FUNCTIONS OF THE LIVER AND GALLBLADDER

+ In addition to secreting bile, which is needed for absorption of dietary fats, the liver performs many

L G J e Jiucos: taxa
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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.
Hepatocytes store some triglycerides, synthesize cholesterol: and use cholesterol
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FUNCTIONS OF THE LIVER AND CALLBLADDER

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

1. Processing of drugs and hormones: The liver can detoxify substances such as alcohol and excrete
drugs such as penicillin, ery ycin, ans ides into bile. It can also chemically alter or
excrete thyroid hormones and steroid hormones such as estrogens and aldosterone.

. As previously noted, bilirubin, d
15 absorbed by the liver. Most of the bilirubin in bile is
bacteria and eliminated in feces.

by

in the small

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

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

< Its length alone provides a large surface area for digestion and
absorption, and that area is further increased by circular folds,
villi, and microvilli.

small intestine JL ,way absorption J! rob.v.o <
Olus=d agde g large surface area ovic ¥ 19 il
. microvilli ol villi lgows!

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).

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

rThe absomhve cells of the small intestine synthesize several
S e b ges, and insert them in

>
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.small intestine J! ¢

the plasma membrane of the micr

ROLE OF INTESTINAL JUICE AND BRUSH-BORDER

» Thus, some enzymatic digestion occurs at the surface of the
absorptive cells that line the villi, rather than in the lumen
X xclu ively, as occurs in other parts of lhe Gl lract A
~= enzymes are four GAtH zZymes
B cal]ed a-dexlrmase, maltase, sucrase, and lactase,m' ¢ g -
M8 called id 2 id | di e and
two t f 0 'S, leosi

s~ nucloolide J

o S35 i

brush border enzyme



MECHANICAL DIGESTION IN THE SMALL

INTESTINE

and a type of peristalsis called il
governed mainly by the myenteric plexus

small intestine J) Jsb ok <S)n

ASEETHENENGNS. arc localized, iXiAg 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.
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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.

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 (MMC), begins in the lower portion of the stomach and pushes
chyme forward along a short stretch of small intestine before dying out.

N

\

The MMC slowly migrates down the small intestine, reaching the end of the

ileum in 9! ];( minutes. Then another MMC begins in the stomach. Altogether,
chyme remains in the small intestine for - 3=5 hours.

s s e time J1
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CHEMICAL DIGESTION IN THE SMALL INTESTINE

1. In the mouth, salivary amylase converts starch (a polysaccharide) to maltose (a
disaccharide), maltotriose (a trisaccharide), and a-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.

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

The completion of the di ion 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

JAll 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.

JThese forms are monosaccharides (glucose, fructose, and galactose) from
carbohydrates; single amino acids, dipeptides, and tripeptides from
proteins; and fatty acids, glycerol, and monoglycerides from triglycerides.

U Passage of these digested nutrients from the gastrointestinal tract into the
blood or lymph is called absorption.
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ABSORPTION IN THE SMALL INTESTINE

LJAny undigested or unabsorbed material left in the small
intestine passes on to the large intestine.
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LARGE INTESTINE

OThe large intestine is the terminal portion of the GI

tract.

UThe 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.
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MECHANICAL DIGESTION IN THE LARGE

INTESTINE

) Movements of the colon begin when substances pass the ileocecal sphineter,

Mu&mnmmmmmmmmmummemen time

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

Wlumdcmli( of the large intestine i A In this process,
the haustra remain relaxed and become distended while they HII up. When the
distension reaches a certain point, the walls contract and squeeze the contents into the

next haustrum,

L1 Peristalsis also occurs, although at a slower rate (3-12 contractions per minute) than in
more proximal portions of the tract.

Haustral churning

s i moveient is mass peristalsis a strong peristaltic
wave that be ns at about the middle of the transverse colon

and quickly drives the contents of the colon into the rectum.
large intestine JI .2l Il transverse colon J! s i€ €Y 2

“IBecause 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

I 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.

L Chyme is prepared for elimination by the action of bacteria, which ferment any
rcm.\ining carbohydrates and release hydrogen, carbon dioxide, and methane gases.
These gases contribute to flatus (gas) in the colon, termed flatulence when it is excessive

- Eimmmmm.mmmammmum_!umusAﬂuan&_dmm_mm
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.

o Bacterial products that are absorbed in the colon include several vitamins needed for
boli S B yitami BT
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ABSORPTION AND FECES FORMATION

IN THE LARGE INTESTINE

St 5.:4&.:_;
J 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.

L 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

U 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.
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JMass peristaltic movements push fecal material from the
sigmoid colon into the rectum.

AThe resulting distension of the rectal wall stimulates stretch
receptors, which initiates a defecation reflex that results in
defecation, the elimination of feces from the rectum through
the anus.
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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.

 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.

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