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These processes were then grouped
into five broad categories

The analog of each of these in our
digestive systems would be:

Movement of materials from one container
to another and mixing

Muscular MOTILITY wmvolving primarly
smooth muscle

Measure the concentration of hydrogen 1on,
the concentrations of protein, fat, and
carbohydrate, and the tonicity of the digest

CHEMORECEPTORS and
OSMORECEPTORS are stimulated by
elevated levels of hydrogen ion, protein. fat,
and carbohydrate, and by elevated tonicity

Addition of enzymes and flud

SECRETION of enzymes and fluid by
secretory (exocrine) cells

Extraction of breakdown products

ABSORPTION of breakdown products by
specialized absorptive epithelial cells

Coordimnation of events and decisions about
appropriate responses

REGULATION by neural reflexes.
hormones, and an extensive enteric nervous
system found in the wall of the digestive
fract
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Sites of digestion *

Organ/s

Oral cavity
Esophagus
Pharynx

Stomach

Small
intestine
Lumen

Small
intestine
Epithelium

Mechanical

digestion

Chewing
Peristalsis

Churning
Mixing
Peristalsis

Peristalsis
Mixing

Carbohydrate digestion

Polysaccharides Disaccharides

(starch, glycogen)
Salivary
amviacoa

Smaller polysaccharides,
maltose

Polysaccharides
Pancreatic

amylase

Maltose and other
disaccharides

Disaccharidas
es

Monosaccharide
s

Protein
digestion

Nucleic Acid
digestion

(sucrose, lactose)

Proteins

Pegsi

Small polypeptides
Pancreatic

trypsin and Paherédti
chvmotrvosin £
Smaller polypeptides nuclease
ﬂ Nucleotidas
Small peptides Ac

tidase Phoiubgénses
bases,

, ami

DipepE‘dases, s T
carboxypeptidase Nucleosidases,

Amino

Lipid
digestion

Fat globules
Bile
calrc
Fat droplets
Pancreatic

Glycggﬁﬁgtty

acids,
glycerides




Digestion in the
Mouth

 Salivary glands

— Produce saliva
* Mostly water

* Some enzymes
— Salivary amylase
— Lysozyme

* Mucus or mucin

e Teeth

L\
Sublingual
gland and

ducts_

Enamel
Dentin

Pulp cavity

Parotid
duct

Parotid
gland

Submandibular
duct

Submandibular

Alveolar process

Root canal

Periodontal
ligament

Cementum
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CDyHKu,m:l CITIOHbI

" YBIIAXHSET nuLly, obneryaet rnotaHume,
“npegynpexanaeTt acnupawmio MUK B Tpaxeto,
crnocobcTBys (POPMUPOBAHUIO MULLIEBOTO KOMKA,
" HauMHaeTCs NULLeBapeHue YrneBoaos

" obrieryaert oulyLleHue BKyca pacLuensieHmem
YyrneBoaoB — BKYCOBbIE NOYKU CTUMYNUPYHOTCHA
pacLlenneHHbIMN Y.
" HenTpanuayet Xenyao CNOTY B cly4vae ee
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Contents of saliva:
(about 0.75I produced per day!)

amylase (starch digestion)
- el e | lingual lipase
W submandibular (break triglycerides into
fatty acids)

’ht(p:/,"contenl.re\'olutionheallh.com/contenlimages/images-image_popup-all()al92.jpg

ey Water & electrolytes

el L1

ek [[EE ¥ s, (moistens and lubricates)

mucus
(lubricates food bolus)

antibacterial compounds
(and bacteria)

(&)
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O0bOpa3oBaHue CIoHbI

Sauvary GLaAND

Acinar Cells

Duct Cvells
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RecuLATiON OF SAaLivarRY GLANDS
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Takehito Etani, Masticator triptych,
2005.
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Mastication. masticators‘ycle (chewing cycle) the
complete pathway of the mandible
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The Muscles of Mastication (Chewing)

[lepeTnpaHmne nnm xeesaHue, BbINOSIHAETCSH
CKOOpANHUPOBaAHHOW OYHKLIMEN YETLIPEX

BaXHbIX MbILLL,, KOTOPbIE
BMeCTe B pa3fIMYHbIX H

These are:

The masseter

The lateral pterygoid
The medial pterygoid
The temporalis

CXXMMatoT 3yObl
paBrieHnSX.

Kaxxgas n3 aTux mMbilliL, - napHas U u aBIIET MO3r Yepes
HepBHbIe BOJTIOKHA TpOI/IHW*I—‘OFOj‘ (cnmal nerve V).
-

(/;
e ".:
- -
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Main force vectors of masticatory
muscles




Swallowing: from niouth to stomach

The Pharyngeal Phase sophageal

Bolus of food hase \
Epialotti
Tongue | u:lg ottis

i i Glottis
Pharynx ll) / down
and open

E |
Glottis Esophageal E s

sphincter
Epiglottis Esophageal contracted
down /" sphincter
relaxed

Relaxed
muscles

Glottisup /|
and closed Contracted
muscles

Relaxed
muscles

From mouth

4/]— Oesophagus
Muscles contracting ( /] !
pushing the bolus —' (A ’
downward ' ’

Bolus of food

To stomach
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Oral Preparatory Stage

« PoTtoBas npegBaputenbHas ctagus no CyLecTBy
XeBaHne. OTO BKMOYAET KOOpAUHaLUIO IyD, LUEK,
YernCcTu, A3blka U ABMXXEHUS MATkoro Heba, YToObl
NPUroTOBUTbL NMULLY ANS TOrQ, YToObI rNoTaTh.

CA NMULLEBOUN KOMOK,
RAomy HeOy.

* B KOHUe aTon dpasbl
KOTOPbIN A3bIK NPMKUM

« Camas BaxxHast HEMPOMYCKYJ YHKUMA B 3TOMN pase
- NoBTOpSAIOLLIEECH NarepanbHLIETIBIKEHE A3bIKa,
nockorbKy 6e3 HopMabHOMROABMKHOCTH A3bIKa
MMmetoTcs Gonblune 3aTp ?BHI/IA @M XeBaHUMN.

/‘1
-
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Oral §tage

 PoToBas CTagund - BTopas C'ITa,EI,l/IFI MoTaHua. 3T0 OJMNTCHA
npubnmaunTenebHo 1 cekyHay, U HE MEHHAETCA B
3aBUCMOCTUN OT BO3pPacCTa, foJia Ujiin KOHCNCTEHL NN
NMAWLEeBOIro KOMKaA.

e OTO NepemMeLlaeT
NONOCTN PTa K Nep

 CHOBaA, ABMXEeHUe 43bl
acnekT aTon paskl rnota

cnepeaHen yactu
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Pharyngeal Stage

The pharyngeal stage begins when the bolus reaches the anterior
faucial arches.

Here, the bolus triggers the swallowing reflex which occurs via
the glossopharyngeal nerve.

The swallowing reflex may also be triggered by the superior
laryngeal nerve at the laryngeal inlet.

When a swallow reflex occurs laté by this second mechanism, the
patient is said to have a delayed swallowing reflex.

While the first two phases can be bypassed by using
liquid feeds and syringing th the back of the mouth or
extending the head, the reflexive 5!1‘ swallowing cannot be

bypassed.

The swallowing reflex is med

formation of the brainstem, adj

center. It is modulated by i%iﬁr m the respiratory
center, and cortical areas. The phamyngeal stage lasts a
maximum of 1 second and doéshot vary with food
consistency, age or sex. L —

.
e

-y

L s

the reticular
nt to the respiratory
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Swallowing Reflex{Pharyngeal Stage)

When triggered, the swallowing reflex results in four
neuromuscular functions, which occur in rapid sequence in the
following order:

1) Velopharyngeal closure (to prevent nasopharyngeal reflux)

2) Pharyngeal peristalsis
Pharyngeal peristalsis occ
superior to inferior constricto ions to clear material
from the pharyngeal recesses. V ular or pyriform sinus

u
pooling on modified barium swa&'

an indication of reduced
pharyngeal peristalsis. "‘

3) Elevation and closure of-theiarynx (ﬁpr airway protection
Laryngeal elevation occurs by co on of the strap muscles,

which positions the larynx antero Umrly (under the tongue
base).

the bolus into the pharynx)
quential fashion, from
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Laryngeal closure occurs at three sphincters:

1) the epiglottis and aryepiglottic folds,
2) the false vocal folds, and

3) the true vocal folds. (Epiglottic closure is
probably of relatively minor importance. Closure
actually begins at th ic level, followed soon
after by closure of th qis and epiglottis.
Airway protection is the Important aspect of
swallowing.) &

4) Pharyngoesophagggl s.egr;den:. opening (to allow
the bolus to pass iniOthéeséph@gus).
& s

o
"™
s

o

2 .. M




Pharyngoesophageal segm?'nt opening depends
on:

» 1) relaxation of the cricopharyngeus,

e 2) the upward, anterior pull of the larynx
(probably most important), and

 3) the bolus press
through the PE seg
immediately closes to
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Esophageal Stage

* The fourth and final stage of swallowing is the
esophageal stage.dtwis.more variable and
prolonged than the ases of
swallowing, lasting fro ween 8 and 20
seconds. Esophageal transit time significantly
: : LI\ Y%
increases with agets 5" &

%
, *ry

N

ra e
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Swallowing Centers

In humans, the development of

functional magnetic reson;énce imaging (fMRI) has
allowed the identification of the cortical

regions involved in voluntary swallowing.

The primary motor a y areas are

consistently active in hea aults during
' cortex is also

swallowing. The anterior ci

activated during swallqwag(ﬁamdy, Mikulis et al.
1999; Humbert and Rc)'bbms‘/OQ)

0-
¢ A "
v 'L
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Swallowinb Centers

There is convincing evidence that the sequential and rhythmic
patterns of swallowing are |

formed and organized by a cen',tral pattern generator (CPG)
located within the medulla

oblongata (Jean 2001). The CPG was first described as a
swallowing center that can be

subdivided into three sy
of the central and periphe

inputs to the center; an effere tem composed of outputs

t
from the center to various d
mmg; and an organizing

fferent system composed

motor neuron pools involved in's )
system composed of "4 g\\ ot

3
interneuronal networks that prbgr,afn the motor pattern.

" s
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Swallowing Centers

The voluntary initiation of swallowing takes place in special brain areas
located in the precentral, posterior-inferior, and frontal- gyri. These
structures send orders via axons that travel inside a nerve bundle called the
corticobulbar tract, to a third swallowing ceiter in the medulla. These
centers include areas located in the cerebral cortex, the medulla oblongata,
and the cranial nerve nuclei.

Sensory Nerves

Trigeminal (cranial nerve V)
Facial (cranial nerve VII)
Glossopharyngeal (cranial nerve IX)
Vagus (cranial nerve X)

Cranial Nerve Nuclei |

The muscles of swallowing are cor?frolf‘d' 0)% sé'?I cranial nerve nuclei.
These are:

The nucleus ambiguous (of the vagus and glossepbaryngeal nerves)

The dorsal motor nucleus (of the vagus nerve) "

The hypoglossal nucleus (of the hypoglossa{ne‘h/ﬁ:
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InTRAESOPHAGEAL PRESSURE
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MoTopuka nuiieBoga

Food is propelled down the esophagus by coordinated contractions of
the esophageal muscle called peristalsis.

The wave of contraction that is initiated by swallowing, is called primary
peristalsis

Any food that remains in the es r this initial wave of
contraction will activate additional ntraction called
secondary peristalsis.

These contractions are initiated by dist the esophagus and will
continue until the esophagus is empty ec‘&ry peristalsis will also
continue after vagotomy. \\/

%
: =
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[ueBapeHne B kenyake

STOMACH

Oxyntic

secretion ﬂfggsa | Lower Esophageal
‘. Sphincter (LES)

Pyloric i ‘
Gland H ' / |
Mucosa | R o e

" - _ Orad

= Motility

y qﬂ" h h"- A B E
Sphincter ~- - .. / Caudad




Digestion in the TS
Stomach el

[0 Muscular sac [
o Churns & mixes food Pyloric sphincter

. contracted
[ Gastric glands

o Parietal cells [J HCI,
intrinsic factor

Pyloric sphincter

o Goblet cells [ mucus relaxed
o Chief cells []
pepsi.no.gen, weak Gastric juice
gastric lipase _, iskite
o @Gastrin ’ ) ) pits
e Hormone ~/0\ | :‘l‘:::t‘mg
® Controls gastric juices Pl cell
[0 Comes out as chyme " [Raiusil . | /:':"'-se“e‘i"g
(2-6 hOUfS) S p7  dland f il ' — Pepsinogen-

secreting cell

Gastrin-
secreting
cell
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Serves as a reservoir that allows for the Ingestion an it
can be digested and absorbed. -

Kills some bacteria and parasites
"Begins the process of digestion by expdging food to low pH and pepsin.
A major effect of this treatment is the sw@lling and dissociation of
collagen fibers and the proteolysis xtiAacellular matrix proteins. This,
combined with the mixing acti , causes the breakup of
food into smaller particles.
" Delivers the gastric contents
compatible with:

the secretion rate of bile saltsgbi o) ‘» )

Jodenum at a rate

, and digestive

enzymes; A
the rate of enzymatic breakdow » and carbohydrates;
and - Ny,

the rate of chyme transport.zlo
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CekpeLus B kekygiken B Kenyake

The major components of gasftric juice are:

"~ Hydrochloric acid (HCI) - denatures prageins

" Pepsinogen - proenzyme that is convefled to pepsin (protease)

" Intrinsic factor - vitamin B12-binding pr@tein

" Mucous - protects stomach wall from HEI, pepsin, and mechanical
trauma

Secretion Secretory Cell Gastric Mucosa

Fundus and Body Oxvyatic Gland Area
Body and Autrun_|_Oryutic & Pyloric

Antru
Intrinsic Factor Fundus and Body Oxyntic Gland Area




Contents Of gaStrIC JUiCe Stomach lining:
pH 1-3 el

hydrochloric acid
(begins protein digestion and activates pepsin)

mucus
(protects the stomach lining)

enzymes
(pepsin and rennin)

)http://www.cytonscarth.org/stomach-lining.jpg
€

Parietal cells:

Gastric juice is produced by the parietal
cells in the stomach wall.

Production is triggered by detection of

peptides. | s ﬂ

’http://en.wikipedia.org/‘wiki/‘lmage:Parietal_ceIls.J PG
€
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HCI Secremion
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Perynaumna cekpeunn HCL

HCI RecuLaTion

Biock
M = Comabidine
A = Atropine

= Blocks
— = Does nolt

Histamine
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[ToTeHumnauuns cekpeuun HCL

Potenmation

Threshold
Concentration .
of Histamina |

L.

Histamine Concentration

Rate of Gastric Secretion
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Activation of pepsin in the stomach

Copyright ® The MaGraw-Hill Companies, Inc. Permission required for reproduction or display.

Lumen of

stomach Ingested Short

protein ~— | 7~ peptides




Cekpeuuns rnéncuHoreHa:

akKTUBauUus

AcTivaTioN oF PEPSINOGEN

\ Pepsinogen
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VisieLe Mucous

malecule

The surface epithelial cells of the stomaeh secrete visib[e mucous (slightly opaque) that
lines the surface of the stomach. Visible mucous cqnta‘ns crosslinked mucins

(glycoproteins) that form an almost gelatinous coatin,g'vs&\ich contains relatively high
concentrations of bicarbonate ion KR

ity

A s



N beLOﬂ(J ypec Ol 1T1IUCOUS, SOIUDIC IHULOL‘ 15 SCLICLCU alOllyg Willl uic gdsuic

b 22) to lubricate the
AiNs mucins, but they
ous fluid. Soluble
mucd ric pit epithelial cells
ric juice out of the

gastr ——_ visible mucous

gastric
pit

A second type of mucous, soluble mucous, is Sec
the gastric pits (see VISIBLE MUCOU$ on p ) tcdubrlcate the food bolus and
facilitate mixing. Soluble mucous also cent ‘but they are not crosslinked, and
consequently, produce a less viscous fluid. SoluyLﬂous also restricts the access of

gastric juice to the gastric pit epithelial cells by c 3n unmixed mobile phase that
sweeps the gastric juice out of the gastric pits.

along with the gastric juice from

}A

e’
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PerynsauviRerymeinace soenpake XKenyake

Reflexes

Centroal Nervous System &
Autonomic Nervous System

Long
Reflex

Enteric
MNerve Plaxu

Sensors Short Reflex
chemoreceptor e T sacretory
osmoreceptor b priscls | cell )
mechanoreceoptor T
v/

Effectors
SHmmulus




Regulation of Gastric Acid Secretion

(%] Cephalic Phase
L ? A ) * m - , ﬁf
» {_” Gastric Acid

Secretion

} Vagus

AChH (neurocring)

Frotein

and amino /< (Gastric F’hase

"/Z-/Gastrlc Acid

Secretion
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Anticipation of a meal, or the sight of food activates a long reflex that
stimulates secretion of gastric juice (cephalic phase of gastric digestion)
proteins and amino acids in the stomach directly stimulate the release of
gastrin from G-cells in the gastric mucosa, which then travels by way of the
general circulation back to the stomach (endocrine) to stimulate gastric juice
secretion (gastric phase of gastric digesti@n)

Between meals, the secretion of gastric juice is very low. In the absence
of protein, which is a good pH bu small amount of gastric juice can
reduce the pH to 1.

Hydrogen ions inhibit secretion
from gastric mucosal G-cells (gastric phase
This negative feedback process halts the tigp of gastric juice and
prevents the hydrogen ion concentration fro &ing levels that would be
toxic to the gastric mucosal cells: » .

Pepsinogen secretion closeﬁi:ﬂral%\k’& ;ﬂc’:ﬂation of HCI. This is in part
due to a vagal reflex activated by low pH in t ﬁach that directly
stimulates chief cells. ACh released from ne })pk is a strong stimulant of
pepsinogen secretion. ‘ ”' O:

N
- 'S I

ibiting the release of gastrin
astric digestion).



(Aw) |epuejod Jenjjeoenu|




MNeicmekepHoe none

/I'IOTeH Lmansl
JecTBud

=—MeaneHHble
10 _MM PT. CT. BOJIHbI

12-nepcTHag | [1PMBPATHUK | HaBnenve C oKpalLeHne
KVILUKap B JKenyaKe —— L oKpaly

OT1cyTcTBUE
COKpaLLeHna

MemBpaHHbIi
noteHuwan =

I'IepMCTaanuquKaﬂ
BOJIHA

Puc. 10-3. Muosnexrpuueckasd aKTHBHOCTH JKeIyAKAa BO BpeMs IIePUCTAIBTHKHA. B IIp OKCHMAIBEHOM
OTHeNe Tella SKelyAka Ha OonbIIoif KpUBH3HE PACIIONIOKEHO IleCMeKepHoe IIoNle SKelyika. B mokoe
B TTTAKTOMBIII €UHBIX KIeTKAX TMeHCMeKepHOTO TIONI BO3HHUKAIOT MeIJIEHHEIE BOITHEI KomeOaHusa MeMOpaHHOTO
TIOTeHIMana ¢ uYacToToif 3/MMH, KOTOpHIE PpacIpOCTPAaHAIOTCA IIONEPEUHO U JUCTAIBHO, MHUTPHUPYI
yepes IpefJBepHe OO0 IPUBPAaTHHUKA 0e3 TepHONHUECKOpPH COKPAaTHTENBHOM MeATelIbHOCTH KelyaKa
(myHKTHpHasg nuHUA) . [loclme HANONMHeHWA JKelygkKa THiell KIeTKH I eficMeKepHOT'o TIONA
HAUMHAIOT TeHepPHUPOBaTh CEPHH IIOTEHIMAIOB MelCTBHA ¢ UYacTOTOM 3/MHH, KOTOpPBIE BBIZHIBAIOT
TepUCTATFTHY €CKHe BOIHBI COKpaIleHus ¢ Toi ke yacToroit (cruroinHas mueus). CTpelkaMu ITOKa3aHo
HaIlpaBIeHHe PAacIPOCTPaHeHMs IIOTeHIMAIIOR NeHCTBUA 110 I KOMBIIIeYHEIM BOIOKHAM CTEHKH JKeIIyIKa.
Knerxkun gHa XenlIyJZKa He HMeHT NelcMeKepHON aKTHUBHOCTH.




S TIRA RN A FicRRR RS S 2R KV

RETROPULSION

{ Fat Layer .

nouhe Frrisiee J
" Carbohsd rales and
" Gumpancad Motanal




-

2
OBakyauus: doakropbl perynsumum

The chyme coming from the stomach is normally
hypertonic, acidic, and contains high
concentrations of fat, protein, and carbohydrates.
Consequently, changing any of the above four
rates would change on of the following:

“Substrate Concen

“oH
“Tonicity & @
“Volume }M\\ -~

‘I

¥ o
AN
-

\ o Tl
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CocTaB xumyca

CHyme ComposiTion

Four things determine the final
composition of the chyvme when it leaves P st
the duodenum: Rile SECretion
Secretion

Stomach

> the rate of gastric emptving

> the rate of pancreatic flud secretion

> the rate of gall bladder emptying . et Emptying

>the reate of water secretion '

> the rate of transport of chyvme out of .
the proximal duodenum (intestinal S
motility)

Duodenum

Intestinal Motility
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JBaKyauus: ponb HwuoHoB

Hydrogen lon and Gastric Emptying

Short Reflex

Decreased Rate of
Gastric Emptying
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Perynauusa spakyauunxmumyca

FFA, AA, anp HyperTonicity SLow Gastric EmpTyinG

CCK & GIP

7 Decreasad T,
Sacretion

GASTRIN, CCH & GIP

Deceased
Emplying

.'..
I '
;
/
i nereasec \

Mixing Increased

H\ ____--1 Sacralion

Decraased
Emptying
P “V Decreased --""-.‘
Sacration




Pancreas BT e
e Exocrine function Ry =7

e Acinar cells secrete
pancreatic juice

— Amylase
— Lipase
— Trypsin | Hepato-
— Chymotrypsin pancreatic
. amniilla Hanatn.
— Carboxypeptidase - Regulation of Pancreatic Secretlon
_ NUC|ease 1. Acidic chyme = s%"hcfﬁf.igéfﬁgﬁate
_ enters duodenum ions, neutralizes
— NaHCO3 , acidic chyme
- - 4. Pancreas
e Secretin and . _ secretes
N released into : pancreati
cholecystokinin (CCK) fr bloadstresn '
intestinal wall stimulates PJo b
production

PRSI 3. Secretin
Bloodstream stimulates
pancreas
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Activation of pancregtic zymogens in the
small intestine by brush-border enzymes.

Copyright & The MaGraw-Hill Companies, Inc. Permission required for reproduction or display.

The brushborder

- : Other inactive Active
erﬂzﬁmﬁoenfztr:: |tr||1a;se ( Pancreatic (ze ".%‘6"‘3?, s) } enzymes
S S T yinog Trypsin

protease zymogen juice
trypsinogen, converting
to its

active form (trypsin).
Trypsin, in turn digests
other

pancreatic zymogens i
their active forms.

W \\t\\\\\ AN ~\

1T //f/HHi‘IH\\\

Epithelial cell of duodenum
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Contents of pancreatic juice:

basic (high pH) (bicarbonate ions
neutralise acidic gastric products)

Pancreatic juice contains many different enzymes
pancreatic lipase

pancreatic amylase

trypsin and chymotrypsin
(endopeptidases)

carboxypeptidase and elastase
(exopeptidase)
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lMuwesapeHue e duodenum

N-terminal end Amino Peptide bond between C-terminal
of protein N acid two amino acids end of protein

P T

Trypsin Chymotrypsin Carboxypeptidase B

ANIMAL PHYSIOLOGY. Figure 4,18 © 2004 Srauer Assocates, nc
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Emulsification and d?gestion of fat in the
small intestine.

ission required for reproduction or display.

Micelles of bile salts,
cholesterol, and lecithin

- . .
. . .9 %
AT I s - ;
., @ sy | otec

Monoglycerides

Emulsified
droplets fat droplets
(triglycerides) (triglycerides)

Step 1: Emulsification of fat droplets by bile salts

Step 2: Hydrolysis of triglycerides in emulsified fat
droplets into fatty acid and monoglycerides

of fatty acids and monoglycerides

Step 3: Dissolvin
ﬁes to produce “mixed micelles”

into mice
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The small intestine: digestion and absorption of macromolecules

DUODENUM ILEUM

Digestion: close association with pancreas, many Absorption of digested molecules:
enzymes released into the lumen. Surface area maximised by villi and microvilli

Membrane-bound enzymes (e.g. maltase) increase (more on this in the next chapter)
efficiency of digestion of some molecules.

Deltagen Inc. Deltagen Inc

http://www.deltagen.com/target/histologyatlas/atlas_files/digestive/ileum_d4x.jpg

_’htlp://www.deltagen.com/larget/histolog_\'at]as/atlas_ﬁles/digeslive/duodenum__4x.jpg



Membrane-bound enzymes
e.g. maltase (maltose —sglucose)

maltose

maltase

Some digestive enzymes are locked in place on
the epithelium of the villi of the duodenum.

Enzymes are therefore not lost through the
digestive tract (they are conserved), products are
released close to the membrane for rapid
transport to the blood and digestion of the
disaccharides can take place early in the digestive
system.

O If cells with membrane-bound
O enzymes become detached, the
enzymes will continue to work in

glucose the lumen of the gut.

active,transport




Cellulose is a structural polysaccharide found in foods of plant origin.

Digestion of cellulose is by cellulase, which is not produced by
humans. Therefore, cellulose passes through the digestive system and
is egested in faeces.

Darwin proposed that the human appendix is a vestigial organ from
our ancestors, allowing digestion of leaves. The appendix harboured
cellulase-producing bacteria is a symbiotic relationship.

This adaptation exists in nature in the form of the ruminant stomach.
Ruminants, such as cows, have a rumen which houses bacteria,
/v amsoilcomiproducts/ea_ftesimaes cellulose.jpg protozoa and fungi. These microbes aid in the digestion of cellulose.

Cellulose (dietary fibre) remains a vital part of the human diet, as it is
aids the health of the digestive system, sweeping out dead cells,
The ruminant stomach: unabsorbed materials and bacteria.

1
Omasum

’http://spuds.agron.ksu.cdu/ru men.gif
¢




Digestion of Proteins: inactive precursors

Pepsin and trypsin are proteases. If they were secreted as active enzymes, they would
cause damage to the exocrine cells (autodigestion).

They are instead secreted as inactive precursors (pepsinogen and trypsinogen), which are
harmless. The enzymes become activated under the right conditions.

PEPSIN ~ TRYPSIN

I\
stomach Wa : &
chief cell :};cinar cells secrete

"9 Zvosae > trypsinogen in the pancreas

—

stomach lumen

parietal cell

pepsinogen

/)/~ HCl

pepsin

enterokinase

trypsin

epithelial cell




Digestion of Proteins: exo- and endo-peptidases
endo

exo exo

. short polypeptide short polypeptide ‘

amino acid amino acid

Endopeptidases (e.g. pepsin, trypsin) hydrolyse bonds in polypeptide chains.
They break large polypeptides into smaller ones.
Increased surface area for action of exopeptidases.

Exopeptidases (e.g. dipeptidase) remove terminal amino acids.
These amino acids are then available for absorption.




Digestion of lipids: the problem ofhydrophobia

Problem: Lipids are hydrophobic and form large droplets.
Lipases are water-soluble, so cannot gain access to any more than
the outermost lipid molecules in the droplet.
Digestion of lipids would be very slow and inefficient.

Solution: Use bile salts to emulsify the lipids.
These are secreted by the liver and stored in the gall bladder.
They have both hydrophilic and hydrophobic ends and break them up into
smaller droplets, giving increased surface area for lipases to work on.

*)ile salts O emulsion (tiny droplets)

large lipid
droplet

lipase has a larger
surface are to work on
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Overview of

Starch ] (* ) |
Lactose ")_/
carbohydrate digestion. S . -~

a-Dextrins Pancreas

Small intestine

Oligasaccharides
Maltose,
lsomaltose

s

Fis b E——
.{ i mm:g: %Glucose \
\
sucrass Glucose '
Sucrose% Fructose |
Lactoss lactase ¢ » Glucose

E“j Galactose

—Colon

Fecas




Small Intestine

oJo)( ,ﬁ» maltase, lactase, sucrase,
break dlsaccharldes

Lumen Cell Biood
Na cotransport -
GLUTZ

Facilitated diffusion "“j‘,.;;-fr?:j\" T

\.\.
"L

iy
. - K NatK LTI

Uelnse —r<T==—+ Fruciose -

Jigestion and Absorption



Caplilary

Lumen Luminal surface Enteracyte
AR R R YA 0 TV THL g T T ’
lactase - ::-‘:" QAR J."‘-.’fé“ K
Laciose Gal el £ o ATP ™
BCiosE . = ?& R
Pl s & g
Sl TWIERE Maliotriose iglummdases Glumse - E =
re-Limnit dexdrin ==
L Glucose
ELCTase
SUCIOsE Frumn-ss : -fﬂ" Galactoss
:_" GLUTE Fructoss

' v ‘A . .
Na_-dependent and facilitative transporters'in thelintestinal epithelial cells
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Overview of carbohydrate digestion.

NA/GLucose Co-TRANSPORT

Epithelial Cell

—
m [ glucose

Secondary
Active
Transport
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Properties of the GLUT #=GLUT 5 Isoforms of the

Glucose Transport Proteins

Transporter Tissue Distnbution

GGLUT 1

GLUT 2

GLUT 3

GLUT 4

GLUT &

Human enythrecyte
Bloodbraim barner
Bloadratinal barrer
Blead-placental barriar
Bload-taste barmier
Liver

Kidneny

Famcreatic B-call

Serceal surface of Intastinal
muccea calls

Brairn Ineuronzl

Adiprea tzsue
Skealetal musds
Heart muscle

Intestinal apthalium
Sparmatozas

Comments

Expressad in cell types with barner functons;
a high-affinity gluccea fransport system

A high capacity, lowe affinity transporter.
May be uzad az the glucoes sensorin the
pancreas.

Major tranzporter in the central nervous
system. A high-athnity system.

Insulir-=anaitive transparter. In the presence
at insulin the number of GLLUT 4
transporters increazas on the cell surfacs.

A high-affirity 2yvatem

Thiz 12 actually a fructoss transportsr.
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CLINICAL CORRELATION

Disaccharidase Deficiency Intestinal disaccharidase
deficiencies are encountered relatively frequently in humans.
Deficiency can be present in oné enzyme or several enzymes
for a variety of reasons (geneticidefect, physiological decline
with age, or the result of i o the mucosa). Of the
disaccharidases, lactase is the t'Gommon enzyme with an
absolute or relative deficiency, wd s experienced as milk
intolerance. The consequences of nablllty to hydrolyze
actose in the upper small Nesﬁhe‘are‘*mablllty to absorb
actose and bacterial fermentatlorua'l' |r1gested lactose in the
ower small intestine. —




Small Intestine

PITySIology: Digestion and Absorption

B Fieicly
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Absorption of Aminho
Acids

trypsinogen
[/ chymotrypsinogen
:" proelastase
| procarboxypeptidasas
: Aamd B

intestine

|am'nopeptidasas
. — Blood

v s .
Di-and tri-— di-andti- g
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poptides <= PEPIdases o ooids L
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Amino % acikls

acids

Intestinal epithelial cell



ABSORPTION OoF AMINO AciDs AND PEPTIDES

{' Free Amino Acids A
LNeutraI Basic Acidicj

(Di- & Tri-Peptides)  (Large Peptides)

Brush . o : ”m
Boarder Carrier .
Carrier Madizated Transpor

Intracellular
Peptidases
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CLINICAL CORRELATION

Neutral Amino Aciduria (Hartnup Disease)

Transport functions, like enzymatic functions, are subject to
modification by mutations.

An example of a genetic lesion |
Is Hartnup disease, name
entity resulting from the de

The disease is characterized b
intestinal epithelial cells to absor

lumen. In the kidney, in which pla *mino acids reach the
lumen of the proximal tubule through™the ultrafiltrate, the inability
to reabsorb amino acids manifesis'itself as excretion of amino
acids in the urine (amino aciduria). .~

The intestinal defect results in maléb‘siori)tion of free amino acids
from the diet. _

epithelial amino acid transport
the family in which the disease
Irst recognized.

Aability of renal and
utral amino acids from the

4

ey,

A s
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Kwashiorkor

Kwashiorkor, A common problem of children in
Third World countries, is caused by a deficiency of
protein in a diet that is adequate in calories.
Children with kwashiorkorisuffer from muscle
wasting and a decrea entration of plasma
proteins, particularly al 4

The result is an increase in dptitial fluid that
causes edema and.a _dis,te,BQefd'a?odomen that make
the children appear ”r;l'ump"(; ¢
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Fat droplets
coated with
bile salts are
suspended
in water




" 4

[l Secretes bile
(stored in gall bladder)
[l Emulsifies fats

[ Stores, concentrates,
| l ~ Gallbladd
and releases bile intO™ S
duodenum

[ Stimulated by the
hormone
cholecystokinin (CCK) 38

Stomach

Quadrate lobe

Left lobe
Cystic duct

= Hepatic duct

Hepatic portal
vein

Common
bile duct

Caudate lobe




ABsoRrPTION OF BILE SaALTs AND BiLE AciDs

Fpithelial Ce

Secondary
Active
Transport




ENTEROHEPATIC CIRCULATION

Acinar Cells
Secrete

Bile Acids and
Bile Salts

Duct cells
Secrete
Electrolyte
Solution

Storage and

Concentration of -
Bile in Between EnterDhepai“C

Meals Circulation
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Bile Salts and
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l Absorption of
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and Digestion Micelle Formation
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TG lipids

Digestion of et .,]‘s,(}
triacylglycerols R b
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Changes in physical state during triacylglycerol
digestion. Abbreviations: TG, triacylglycerol; DG,

diacylglycerol; MG, monoacylglycerol; FA, fatty acid

lipase

R
TG FA:DG+MGE

Emulsion droplets Mixed micelles
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They simply diffuse into the interior of the cell,
without the bile salts



=mall Intesimne

uuy/ Digestion and Absorption
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urculahon

e acids are absorbed in the distal ileum ->
em -> back to the liver

Pool of 2-3 g

Recirculates 6 times every day
5% lost: resynthesis from cholesterol



Mixep MICELLE

Amphipathic Phos
Maolecues ’ Q phollpld

Hydrophobilc
Molecules

Free

Fafhy




MiceLLE FORMATION

__ BILE SALT
’l
LIPASE

FFA
CHOLESTEROL

VITA,D,E, K

FORMING
_ MICELLE

PHOSPHOLIPID




FormMATION OF CHYLOMICRONS
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LYyMPHATIC TRANSPORT OF CHYLOMICRONS
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CLINICAL CORRELATION

A-B3-Lipoproteinemia
A-b-lipoproteinemia is an autosomal recessive disorder
characterized by the absence of all lipoproteins containing
apo-PB-lipoprotein, tha icrons, very low density
lipoproteins (VLDLs), and'lo ity lipoproteins (LDLs).
Serum cholesterol is extremel This defect is associated
with severe malabsorptionioft triacylglycerol and
lipid-soluble vitamins (és:ﬁeéi%m/‘wc pherol and vitamin E)
and accumulation of apo B in erﬁefpsytes and hepatocytes.

¥
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Absorption of Minerals and Metals

Calcium

\ctive, transcellular absorption
ccurs only in the duodenum when
alcium intake has been low.

his process involves import of
alcium into the enterocyte,

\to extracellular fluid and
he rate limiting step in

ranscellular calcium absorption is ﬂ
ransport across the epithelial cell;

vhich is greatly enhanced by the |
arrier protein calbindin, the. A%%
ynthesis of which is totaIIy ¢

lependent on vitamin D. _
- Vitamin D



CALcium ABSORPTION

Vitarmin D3
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Calcium

* Passive, paracellular absorption occurs in the
jejunum and ileum, and, to a much lesser
extent, in the colon when dietary calcium
levels have been moderate or high. In this
case, ionized calci ses through tight
junctions into the Bal spaces around
enterocytes, and hence blood. Such
transport dependson h higher
concentrations of*feat\kyrm in the intestinal
lumen than in blood. (/‘,

. -
’ "
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Phosphorus

Phosphorus is predominantly absorbed as
inorganic phosphate in theé upper small intestine.

Phosphate is transp the epithelial cells
by cotransport with's id expression of
this (or these) transporte nhanced by vitamin

D. \ "

wan s
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Iron

Iron is absorbed by villus
enterocytes in the proximal
duodenum. Efficient absorption
requires an acidic environment.

Ferric iron (Fe+++) in the duodehal
lumen is reduced to its ferrous form
through the action of a br
ferrireductase. Iron is then co
transported with a proton into t ‘

enterocyte via the divalent metal %
transporter DMT-1. This ti‘a'dsp'é&%‘r/
is not specific for iron, and also ¢ &
transports many divalent metal ions.™

»,
'

Ferroportin
Transferrin  « Blood
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Iron

* Once inside the enterocyte, iron follows one of two
major pathways: |

+ o Iron abundance states: ifon within the enterocyte is
trapped by incorporation into ferritin and hence, not

transported into blood.,When the enterocyte dies
and is shed, this iron

* o |ron limiting states: iron
enterocyte via a transport oportin) located in
the basolateral membrane. It en binds to the
iron-carrier transferhnfoﬂt‘em'pgrt throughout the

body. e

Borted out of the

)
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Copper

There appear to be two processes responsible for copper
absorption:

i) a rapid, low capacity system and

ii) a slower, high capacity system, which may be similar to the
two processes seen with calcium absorption.

Many of the molecular de
be elucidated.

A number of dietary factors ha shown to influence
copper absorption. For exampl essive dietary intake of
either zinc or molybdemsrﬁ cél‘n ye'secondary copper
deficiency states. o

pper absorption remain to

e
. , ‘:
- -
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Zinc

e Zinc homeostasis is largely regulated by its uptake and loss
through the small intestine. Although a number of zinc
transporters and binding proAfleins have been identified in
villus epithelial cells, a detailed picture of the molecules
involved in zinc absorption is’hot yet in hand.

ve been identified that
%animal proteins in the

A number of nutritional
modulate zinc absorption. C
diet enhance zinc absorption. P es from dietary plant
material (including cereal grainsacogn, rice) chelate zinc and
c o] e, o c . N » . c c c
inhibit its absorption. Subslsahz'e/b phytate-rich diets is
thought responsible for:a consi&eﬁ e fraction of human
zinc deficiencies. - P
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Reabsorntion and eliminaion

In the large intestine

Splenic %
flexure

r .
Transverse . / ' \

, J ) colon

1L Ascend

s
/%% Oescendmg

(left) colon

Cecum o

Appendix — -
| Sigmoid
Rectum !

AnUS—‘- ~45

Sigmoid
colon

Transverse
rectal fold

4 Levator
[ 48 ani muscle

Internal anal
sphincter
muscle

g£xternal anal

| sphincter

muscle

- Areas of the colon

- Cecum
- Rectum
- Anus

- Absorption of water

and electrolytes

- Concentration &

elimination of solids

- Home for bacteria

that produce biotin,
folic acid, vitamin K,
several B-vitamins,
gases
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The Large Intestine: Introduction

* Recovery of water and electrolytes from ingesta: By the time
ingesta reaches the terminal ileum, roughly 90% of its water
has been absorbed, but consi#erable water and electrolytes
like sodium and chloride remain and must be recovered by
absorption in the large gut.

* Formation and storage of fec

: As ingesta is moved through
the large intestine, it is ed, mixed with bacteria and
mucus, and formed into craftsmanship (for want of
a better term) with which'th cartied out varies among
species.

* Microbial fermentation: The |
teems with microbial I|f Thos f:ncrébes produce enzymes
capable of digesting man\l o i les that to vertebrates are
indigestible, cellulose being a pr fexample. The extent
and benefit of fermentation also }ug: greatly among species.

f ‘~

be

e Thds

stme of all species
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Large Intestinal Motility

 Segmentation contractions which chop and mix the
iIngesta, presenting it to the mucosa where absorption
occurs. These contractions are quite prominent in some
ﬁpecies, forming sacculations in the colon known as
austa.

e Antiperistaltic contractionsipropagate toward the ileum,
which serves to retard ement of ingesta through
the colon, allowing ad ortunity for absorption
of water and electrolytes. ltic contractions, in
addition to influx from the s testine, facilitate
movement of ingesta throug lon.

e Mass movements cor}stitut q‘type of motility not seen
elsewhere in the digestive ﬂ. own also as giant
migrating contractions, this pa 1of motility is like a

I
.

very intense and prolonged peri eéc contraction which
strips an area of large intestine’,c of contents.

_ .
e ,51:



B
f °
Fermentation

Fermentation is the enzymatic decomposition and utililization
of foodstuffs, particularly carbohydrates, by microbes.

Large intestinal epithelial cells do not produce digestive
enzymes, but contain huge numbers of bacteria which have
the enzymes to digest and utilize many substrates. In all
animals, two processes are attfibuted to the microbial flora of
the large intestine:

Digestion and metabolis
the small intestine (e.g. cellu

Synthesis of vitamin K and cert
Synthesis of vitamin K by colonic ia provides a valuable

supplement to dietary gp.wc% nz_?kes clinical vitamin K
t

deficiency rare. Similarly, for vitamins by the
microbial flora in the large intesti@ﬁ Useful to many animals.

,"“i:‘

el ’ ‘ fl.

drates not digested in
idual starch)

itamins
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