Mechanical Process of
Digestion

Dr. Andreanyta Meliala, Ph.D
Dept Of Physiology



Physical Fitness
Balanced Nutrition
Balanced Mental Health

Lifestyle

Lacked

IL Balanced

Unhealthy
lifestyle

*] Imbalance Stressful
nutrition living

¢ || Tobacco smoking
(addiction)

, | | Healthy Lifestyle

¢

lnss lliness or disease




Level of Organisation

ECOLOGY
PHYSIOLOGY
CELL BIOLOGY
MOLECULAR BIOLOGY

CHEMISTRY

Organisms Populatioqs of .Ecosystem qf Biosphere
one species different species




Integumentary System

e

Nervous
system

~ Musculoskeletal
meeystemTTr

Respiratory
system

—» Circulatory system —»

Digestive
system

Reproductive
system




DIGESTIVE SYSTEM

* The three fundamental processes that take
place are:

— Secretion: Delivery of enzymes, mucus, ions and the
like into the lumen, and hormones into blood.

— Absorption: Transport of water, ions and nutrients
from the lumen, across the epithelium and into blood.

— Motility: Contractions of smooth muscle in the wall of
the tube that crush, mix and propel its contents.
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FROM MACROMOLECULES INTO
MONOMERS

Proteins Peptides Free amino aciis

proteases




MACROMOLECULES:
Carbohydrates
polysaccarides
maltose
lactose
sucrose
starch
Proteins

Fats
Tryglycerides
Phospholipids

>>5

MONOMERS:

Monosaccharides

2 glucose

glucose + galactose
glucose+fructose
maltose

Amino Acids (AA)
peptides

Monoglycerides+ FFA
Lysophospholipids + FFA
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From Herlihy B, Maebius NK: The human body in health and illness, Philadelphia, 2000
Saunders, p 407.

Elsevier items and derived items @ 2005, 2000, 1995 by Elsevier Inc.
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REGULATION OF GIlFUNCTION

Complex regulation with overlapping

pathways that involve:
o Neural
o« Endocrines

o Local control mechanism (little brain; enteric
nervous system)
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NAMES AND LOCATION OF
THE MAJOR SALIVARY GLAND IN THE HUMAN
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REGULATION OF SALIVA SECRETION
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Figure 8-14 Regulation of salivary secretion by the autonomic nervous system. ACh, Acetyl-
choline; B, B receptor; CAMP, cyclic adenosine monophosphate; CN, cranial nerve; M, muscarinic receptor;
NE, norepinephrine; T1-T3, thoracic segments.




MOVEMENTS OF FOOD THROUGH THE PHARYNX
AND UPPER ESOPHAGUS DURING SWALLOWING
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sphincter

Esophagus

Smooth —
muscle

/ Lower esophageal
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Figure 8-8 Structures of the upper gastrointestinal tract.
The pharynx, upper esophageal sphincter, and upper third of the
esophagus are composed of striated muscle. The lower two
thirds of the esophagus and lower esophageal sphincter are com-
posed of smooth muscle.




ESOPHAGEAL PHASE
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THE THREE REGIONS OF THE STOMACH :
FUNDUS, BODY, AND ATRIUM
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PERISTALTIC WAVES
CONTRIBUTE TO <% Esophagus
THE ANTRAL CONTENTS
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THE THREE REGIONS OF THE STOMACH :
FUNDUS, BODY, AND ATRIUM
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Figure 8-15 Secretory products of various gastric cells.




Negative Feedback of the Gastric Phase

Food entering stomach disrupts
homeostasis by causing an increase in
gastric juice pH AND stretch (distention) of
stomach wall

In response, there is increased acidity in
stomach chyme and the mixing waves
begin emptying the stomach. An empty
stomach is a return to homeostasis.

Chemoreceptors and stretch receptors

increased pH and stretch of stomach wall,
and generate nerve impulses that pass to
the control centers

Parietal cells of the gastric mucosa
secrete HCI and the muscularis contracts
more vigorously (increased frequency and

strength of mixing waves)

Enteric nervous system and medullary
neurons generate parasympathetic
impulses that pass to the effectors




Acid in
duodenal
lumen

from duodenal

T Secretion release
mucosa

(Secretin carried Neutr

by blood)
+

Pancreatic duct
cells

Secretion of agueous
NaHCO, solution into
duodenal lumen

alizes

Fat and protein
products in
duodenal lumen

CCK release
from duodenal

Mucosa

(CCHK carried
by blood)

+

il

Pancreatic acinar
cells

T

Secretion of
pancreatic digestive
enzymes into
duodenal lumen

Diggsts

Fig. 15-12, p. 488




Interstitial

| «— Lumen of digestive tract —»| Wall [« fiyig —{« Blood 5|

L,

| SECRETION. )
DIGESTION A )

Q [ABSORPTION

g N

P
’/

\

MOTILITY

?




IBS and the Gastrointestinal (Enteric) Nervous System

Long vagus nerve fibers carry
impuilses to and from the brain

gut wall
longitudinal muscle
layer of nerves
circular muscle
layer of nerves
lumen (opening)

mucous membrane
and intestinal

Iimpuises to spinal cord




1. Food converted to chyme.

2. Chyme expelled into
the duodenum.

Duodepum 4 8¢ :
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3. Simple sugars and : ._ : )

the amino acids
are absorbed into
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From Herlihy B, Maebius NK: The human body in health and iliness, Philadelphia, 2000, Saunders, p 408.
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REGULATION OF HCI SECRETION
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Phase % of HCI Secretion Stimuli Mechanisms

Cephalic 30% Smell, taste, conditioning Vagus — parietal cell
Vagus —» gastrin — parietal cell

Gastric Distension Vagus — parietal cell
Vagus — gastrin — parietal cell

Distension of antrum Local reflex — gastrin — parietal cell

Amino acids, small peptides Gastrin — parietal cell

Figure 8-19 Regulation of HCI secretion during cephalic and gastric phases. ACh, Acetylcholine;
GRP, gastrin-releasing peptide (bombesin).
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INGESTED ABSORBED
AND SECRETED

Saliva
(1 liter)

Ingestion
of liquids
(2.3 liters)

Gastric juice .
(2 liters) =

Bile :
(1 liter)

Pancreatic
juice
(2 liters)

!n_testinal / . ~ Small
juice : intestine
(1 liter) (8.3 liters)

Total ingested
and secreted

(0.9 liters)
= 9.3 liters

Total absorbed

Excreted in feces = 9.2 liters
(0.1 liter)

Fluid balance in Gl tract




Intestinal Movements

> Segmentation
o MiXIng mMucous and enzyme

> Slow peristaltic contractions = to encourage
absorption

> Local contractions (no CNS invelvement)

> It takes appr. 5 hrs to digest & move chymus
from duedenum to lleum



Muscularis mucosae
Submucosal plexus

Myenteric plexus

Lamina propria

Submucosa

/—— Circular muscle
/— Longitudinal muscle
’I

Figure 8-1 The structure of the wall of the gastrointestinal tract.




Longitudinal muscle Contraction

(a) Peristalsis

(b) Segmentation



Colon Motility

—> pattern of motility
- Haustration (slow segmentation)
- Mass movement (slow peristaltic; 3-4
times/day)

Defecation

Distension of rectum stimulates sigmoid colon
and smooth muscle of rectal wall - relaxation
of internal sphincter muscle (outonomic nerve)
Defecation conducts when external sphincter
muscle is relaxed
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Gastrointestinal Hormones

(Gastnin

Secretin
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Hormonal Control
of Digestive
Secretions

liver

stomach

e

gallbladder
Sa pancreas

N blood vessel

ISecretin JCCK [l Gastrin
IR -y Sy 4y A ——



Gallbladder

TR

A‘/
lons and water %
T ®

\
\
\

N

Bile duct
lons and water

Cholesterol —> Bile t of Oddi
®

salts

/N

Secretin

®

] O Portal circulation O <

Figure 8-24 Secretion and enterohepatic circulation of bile salts. Light blue arrows show the
path of bile flow; yellow arrows show the movement of ions and water. CCK, Cholecystokinin.
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Table 24.3 Functions of the Gastrointestinal Hormones

Site of Production Method of Stimulation Secretory Effects Motility Effects
Gastrin
Stomach and Distention; partially digested Increases gastric secretion Increases gastric emptying
duodenum proteins, autonomic stimulation, by increasing stomach
ingestion of alcohol or caffeine motility and relaxing the
pyloric sphincter
Secretin
Duodenum Acidity of chyme Inhibits gastric secretion; Decreases gastric motility

stimulates pancreatic secretions high in
bicarbonate ions; increases the rate of bile
and increases intestinal

secretion; mucus secretion

Cholecystokinin

Intestine Fatty acids and other lipids Slightly inhibits gastric secretion; Decreases gastric motility
stimulates pancreatic secretions high in
digestive enzymes; and causes contraction
of the gallbladder and relaxation of the
hepatopancreatic ampullar sphincter

Gastric Inhibitory Polypeptide
Duodenum and proximal jejunum  Fatty acids and other lipids Inhibits gastric secretions Decreases gastric motility




Stimulation by .

vagal nerve fibers causes
release of pancreatic juice

@ Chyme entering
duodenum causes the ¥ =
duodenal mucosal cells i A
to release secretin | S A
and cholecystokinin - ! B

@ Cholecystokinin
and secretin enter
bloodstream

= @ Upon reaching the
. pancreas, cholecystokinin
s induces secretion of
s ® o enzyme-rich pancreatic
juice; secretin causes sec-
retion of bicarbonate-rich
pancreatic juice

Copyright © 2003 Pearson Education, Inc_. publishing as Benjamin Cummings.



Stimulatory Events Inhibitory Events
Cephalic phase
(@) Sight and ———— Cerabral cortex ~---Lack of «------ Cerebral«=---(T) Loss of
thought of food %Hanmw reflex {  stimulatory  cortex appetite,
impulses to depression
@) Stimulation of ————» alamus -» Vagus ;  jparasym-
taste and smell and medulla nerve ;  pathetic
receptors oblongata i center
Gastric phase ! ;--Gastrin<«——G cells «----- @Exoessive
( Stomach -V -»Medmla—-pvmas;s declines (< pl'y 2)
activates P In stomach
stretch ;| ;- Overrides «—Sympathetic < 2 Emotional
refioxes \ h L controls acuvaho(n )
Food — G cells — Gastrin release —» = - Entero-<-Local----- () Distension
®d\oum to blood gastric  reflexes f of duodenum,
(especially reflex | resence of
peptides Stomach t . acidic,
and caffeine) secretory Vag:l < ic
and rising pH activity 7 , andfor
tivat In modulla s irritants in
chemoreceptors Pyloric - .« the duodenum
h sphincter >
*--- Release of intestinal <— () Distension;
Intestinal phase / hormones (secretin, resence of
(D Presence of low —» Intestinal (enteric) gastric in peptide, , acidic,
pH and gastrin release chol nin, vasoactlve panlalty
foods in 1o blood intestinal peptode) digested food
ducdenum when Key: in the
gonueh begins — Stimulate duodenum

-+~ Inhibit



During cephalic and gastric/\

phases, stimulation by
vagal nerve fibers causes
release of pancreatic juice

(@) Acidic chyme entering
duodenum causes the
enteroendocrine cells of
the duodenal wall 1o release
secretin, whereas fatty,
protein-rich chyme induces

release of cholecystokinin
(2) Cholecystokinin
and secrelin enter
bloodstream
2 = /
‘ ©
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Hormones are grouped into 2
families

Gastrin
gastrin & CCK

Secretin
Secretin, glucagon, glicentin, VIP,GIP

> Were grouped based on:
o Similarity of chemical structures
o Similarity of its function



GASTRIN Actions

IN general: stimulates gastric secretion &
motility
Stimulates gastric acid secretion

Stimulates pepsin&intrinsic factor secretion by the
stomach

Stimulates growth of gastric & intestinal mucosa (‘thropic
action’)

Increase the tone of musculature of the LOS,stomach &
small intestine

Stimulates insulin and glucagon secretion (after a protein
meal)

Stimulates calcitonin secretion
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CCK-PZ Actions

Contraction of gall bladder (= cholecystokinin?)
Secretion of pancreatic juice rich in enzyme (= pancreaozymin?)]

Augments the actions of secretin in producing an alkaline
pancreatic juice

Increases the secretion of enterokinase from intestinal mucosa
EXxert trophic effect on the pancreas

Inhibit gastric emptying

May enhance the motility of the small intestine and colon

Aloeng with secretin, it augments the contraction ofi pyloric
sphincter

Together with gastrin, stimulates glucagon secretion



SECRETIN Actions

Stimulates bicarbonate rich-watery alkaline pancreatic
juice by increasing bicarbonate secretion of biliary tract

Increases bicarbonate secretion of biliary tract

Augments the action of CCK-PZ in producing
pancreatic secretion of digestive enzymes

Decreases gastric acid secretion
May cause contraction of the pyloric sphincter

Increases insulin secretion; but inhibits glucagon
secretion



Additional hormones in the digestive system
regulate appetite

> Ghrelin Is produced Iin the stomach and upper
Intestine In the absence of food In the digestive
system and stimulates appetite.

> Peptide YY Is produced In the Gl tract In
response to a meal in the system and Inhibits
appetite.

> Both of these hormones work on the brain to
help regulate the intake of food for energy.



Nerve Regulators

Two types of nerves help to control the action of the digestive system.

Extrinsic (outside) nerves come to the digestive organs from the
unconscious part of the brain or from the spinal cord.

They release a chemical called acetylcholine and another called
adrenaline.

> Acetylcholine causes the muscle of the digestive organs to
sgueeze with more force and increase the "push" of food and juice
through the digestive tract. Acetylcholine also causes the stomach
and pancreas to produce more digestive juice.

> Adrenaline relaxes the muscle of the stomach and intestine and
decreases the flow of blood to these organs.




EXTRINSIC NERVOUS SYSTEM

Mucosa

ACh or peptides Muscularis mucosae

Endocrine cells
Secretory cells

Submucosal plexus

ACh or peptides
Circular muscle

Myenteric plexus

Longitudinal muscle

Sympathetic

Vagus nerve or ACh 9anglia
pelvic nerve

Parasympathetic Sympathetic

Figure 8-2 The extrinsic nervous system of the gastrointestinal tract. Efferent neurons of the
parasympathetic and sympathetic nervous systems synapse in the myenteric and submucosal plexuses,
in the smooth muscle, and in the mucosa. ACh, Acetylcholine; NE, norepinephrine.




Intrinsic nerves

Even more important, though, are the intrinsic (inside)
nerves, which make up a very dense network embedded

In the walls of the esophagus, stomach, small intestine,
and colon.

The Intrinsic nerves are triggered to act when the walls of
the hollow organs are stretched by food.

They release many different substances that speed up or
delay the movement of food and the production of juices
by the digestive organs.




INTRINSIC NERVOUS SYSTEM
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Figure 8-3 Intrinsic nervous system of the gastrointestinal tract.
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FOOD PROCESSING

dIngestion
O Digestion
O Absorption
O Elimination



Mechanical Breakdown

> Biting

> Chewing

> Grinding

> Emulsification

TO INCREASE surface area for enzymatic
attack
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Sekresi di usus halus

> Kurang lebih 1.8 L
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@) vagal stimulation causes
weak contractions of
gallbladder

(@) Bile salts
and sacraltin

= transported via
(5) Cholecystokinin ' - bloodstream  *
(via bloocdstream) stimulate liver »
causes galibladder =~ » ' - to produce bile *
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i (1) Acidic, fatty chyme
entenng ducdenum causes
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* and secretin from
duodenal wall

*  enteroendocrine cells

(2) Cholecystokinin
and secratin enter the
bloodstream
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TABLE 24.4

Summary of Digestive Enzymes

ENZYME
SALIVA
Salivary amylase

Lingual lipase

GASTRIC JUICE

Pepsin (activated from pepsinogen by pepsin W
and hydrochloric acid)

Gastric lipase
PANCREATIC JUICE
Pancreatic amylase

Trypsin (activated from trypsinogen
by enterokinase)

Chymotrypsin (activated from
chymotrypsinogen by trypsin)

Elastase (activated from proelastase by trypsin)

Carboxypeptidase (activated from procarboxy-
peptidase by trypsin)

Pancreatic lipase

Nucleases
Ribonuclease
Deoxyribonuclease

BRUSH BORDER

w-Dextrinase

Maltase

Sucrase

Lactase

Enterokinase

Peptidases
Aminopeptidase

Dipeptidase

Nucleosidases and
phosphatases

SOURCE

Salivary glands.

Lingual glands in the 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.

Small intestine.
Small intestine.

Small intestine.

Small irlleslinc.

Small intestine.

Small intestine.

Small intestine.

Small intestine.

SUBSTRATES

Starches (polysaccharides).

Triglycerides (fats and oils)
and other lipids.

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.

Deoxyribonucleic acid.

a-Dextrins.
Maltose.
Sucrose.
Lactose.

Trypsinogen.

Amino acid at amino end
of peptides.
Dipeptides.

Nucleotides.

PRODUCTS

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

Fatty acids and diglycerides.

Peptides.

Fatty acids and monoglycerides.

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

Peptides.

Peptides.

Peptides.
+Amino acids and peptides.

Fatty acids and monoglycerides.

Nucleotides.

Nucleotides.

Glucose.

Glucose.

Glucose and fructose.
Glucose and galactose.

Trypsin.
Amino acids and peptides.
Amino acids.

Nitrogenous bases, pentoses,
and phosphates.
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Absorbsi
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Glucose and___ Secondary active :
galactose ~ transport with Na - Monosaccharides
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Fructose
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Active transport or To blood

Ammo acids —— secondary active —>» . . ;
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: transport with Na* ‘_ ' of a villus
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(a) Mechanisms for movement of nutrients through absorptive epithelial cells of the villi
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Vitamin
- Larut lemak (A, D, E, K): lewat bersama lipid
- Larut air (B, C): masuk bersama air
B12 : faktor intrinsik di lambung mengikat B12 dan
diabsorbsi di ileum

Air dan mineral
Mirip reabsobsi di tubulus ginjal dengan aktif
transport Na, reabsorbsi air secara pasif mengikuti
gradien osmotik
Normalnya 95% air masuk usus kecil sebelum masuk
kolon

Cl mengikuti Na dari lumen Gl ke dalam darah
- Kalsium, potassium, magnesium, iodine, bicarbonate, iron
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Ingestion (2 L) <> (a7
« Salivary gland secretions (1 L)

Bile (0.7L) = 92% absorbed in the

4 ~"'-/ - -
small intestine
Small intestine /

secretions (2 L) ‘ 6 — 7% absorbed in
' the large intestine

Ingestion or secretion

Ab ti
1% in feces (Water in feces sorption

= ingested + secreted — absorbed)




Absorbsi di kolon
> Reabsorbsi air
o 1500 mL/hr di kelon; 1300 mL reabsorbsi
o Feses terdiri: - 75% alir
- 5% bakteri
- 20% undigested material,
Inerganic material, epitel

Reabsobsi garam empedu, vitamin, bilirubin,
toxins



> Bile salts
o Reabsorbsi, dibawa ke hepar
> Vitamin
o Bakteri di kolon membentuk 3 vitamin

Vitamin K: fat soluble; diperlukan untuk
sintesis faktor pembekuan di hati

Biotin: water soluble; diperlukan untuk
metabolisme glukosa

Vitamin B:: water soluble; diperlukan
untuk biesintesis hormon steroid dan
Peberapa neuretransmiter



The Immune System
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