Small intestine
(Digestion & Absorption)

By: Dr SAFA ABDUL GHANI



SMALL INTESTINE FUNCTIONS

:{‘I\ 1 & y
Sovirs & (1) Mechanical digestion
dr . . . .
ic"’b"gf " * Peristalsis propels chyme along intestine

* Segmentation moves chymes back and forth to
mix it thoroughly

(2) Chemical digestion

* Enzymes from pancreas and small intestine
complete digestion of protein, starch,
disaccharide sugars and fat

* Gallbladder empties bile into small intestine to
aid in fat digestion

(3) Absorption of most substances




Intestinal Phase: Reflexes Direct Digestive Action

* Limit Chyme Entrance Rate & Motility by activating the enteric
nervous system

* Neutralize HCI, Add Bile & Enzymes

* The presence of acidic chyme in the duodenum releases hormone
secretin:

M- Inhibits acid production

[l - Inhibits gastric motility

137 - Slowing gastric emptying

(9)- Stimulates the production of pancreatic HCO3-

* Gastric secretion and/or motility are also inhibited by CCK, GIP
and hyperosmotic chyme solution.



Intestinal Phase: Reflexes Direct Digestive Action

Food
into
stomach
R I( Acid secretion )” """""" 1
STOMACH |1 1
1 1
- [ Pepsin and lipase secretion J :
|} 1
1 1
: T T T R I I[ Gastric motility j”‘ """""" ':
! : | 1
R I H
1
1y Chyme Enteric '
) into small ————— npervous ~ -
1 : intestine system 1
(e '
s | :
1
s | (Y ! : B |
INTESTINE |, | Hyper- -
(fer osmotic Carbohydrates Fats Al Acid 1
: 1 solution 1 :
1
1 1
! 1 2 Endocrine GIP CCK 1 Secretin —~~
e cell | ' . !
|} 1
: L) : ? e _: ___________ 1
_______________ o
1
1
1 Pancreatic
PANCREAS e bicarbonate
secretion




SMALL INTESTINE HISTOLOGY

* Lined with about 4.5 million
villi (villus)
* Small finger like
extensions

* Covered with a simple
columnar mucous
membrane

* Blood capillaries inside for
absorbing most
substances

* Single lymph capillary
called a lacteal for
absorbing most fat
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(a) Three-dimensional view of layers of the small intestine showing villi
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THE VILLUS
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Absorptive cells transport
nutrients and ions.

Capillaries transport most
absorbed nutrients.

Goblet cells secrete mucus.

Lacteals transport most fats
to the lymph.
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DIGESTION BY INTESTINAL ENZYMES

* Called brush-boJrlder enzymes
* Located in microvilli of intestinal absorptive cells

* Anchored to brush border cells by transmembrane proteins «
stalks ».

* Stationary, do not move with intestinal peristalsis.
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Digestion — »u—s

The major foods on which ED)e body I|ves are:

e Carbohydrates AR AR, A

e Proteins . p.plides — (77 C ~S Lo

. Peptid MY
Fats \oond Cadie

e Small quantities of minerals and vitamins
These cannot be absorbed in their nature forms through the mucosa of the Gl tract
and so have to be broken down or DIGESTED into small compounds suitable for
absorption ‘
Fats, proteins and carbohydrates are all broken down by HYDROLYSIS — he covot
The difference between how each are broken down depends of the enzymes used
Hydrolysis is a reaction involving the breaking of a bond in a molecule using water
Q%P-Hclﬁ,\,sél NI
2= Yac! ]

adds a water
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Digestion of carbohydrates

e Almost of the carbohydrates in the diet as polysaccharides or disaccharides
e These are combinations of several monosaccharides by condensation
» Condensation is when a hydrogen ions is removed from one monosaccharlde (H+)
and a hydroxyl ion is removed from another (OH-) ,M,—> ORa®NCOE
e The monosaccharides then join from the + and - charges left by the ions that have
been removed
e The H+ and OH- then join to form H20 as a waste product
e When carbohydrates are digested this process happens in reverse to break down the

disaccharide to a monosaccharide by adding|H20 | Clydralasis).

e The three main sources of carbohydrate in the diet are:
e Sucrose ( a disaccharide found in sugar)
e Lactose ( a disaccharide found in milk)
e _Starches (large polysaccharides found in all non-animal foods e.g. grains and
potatoes) -
e Cellulose is a carbohydrate but we are unable to digest it - not a source of food



Digestion of carbohydrates

e Digestion of carbohydrates starts in the mouth
e Parotid salivary glands release the digestive enzyme PTYALIN in the saliva when we
chew. Ptyalin is an amylase enzyme
e This hydrolyzes starch into the disaccharide MALTOSE
e Food only in the mouth a short time so only 5% of all starches hydrolyses by the time
the food is swallowed
e Digestion of starches continues in the fundus of the stomach
e Once in the stomach the digestion of starch?s?by the saliva can continue for a period
e This stops when the pH of the stomach falls below 4.0 as this inactives the PTYALIN
enzyme
e This extra time for the ptyalin to work in the stomach and allows for 30-40% of
starches to be converted to maltose by the time the pH reaches 4 and the food has
mixed with gastric secretions
e Chyme enters the duodenum and pancreatic secretions containing a very powerful
amylase enzyme breaks down the remaining starches to disaccharides in 15-30 minutes
e All carbohydrates now disaccharides-before the chyme reaches the ileum




Digestion of carbohydrates

Glucose polymers | —— Amylases from e The enterocytes lining the villi of the
digest to . . H : H .
Starch, gycogen saliva (ptyalin) and small intestine contain enzymes:
pancreatic enzymes * @laetase
: e Sucrase
Aryase Disaccharides e Maltase
Maltose Sucrose Lactose e These enzymes split the
5 Dl disaccharides into monosaccharides
>0 |  All the monosaccharides are soluble
! in water and are absorbed into the
Maltase Sucrase Lactase
portal blood
In th I e As starches make up more of our
.n e.sma diet, the final products of digestion
Intestine o® o0 o are 80% glucose monosaccharides,
2 glucose 1glucose +  1glucose + 10% fructose and 10% galactose
= 1 fructose 1 galactose
Monosaccharides %7/ Jucag .
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Digestion of proteins
Proteins are formed from multiple amino acids that are held together by peptide linkages
Different amino acid sequences make different proteins
Each peptide linkage is formed through condensation - -

(a OH-ion has been removed from one amino acid and a ‘ | f 1

HaMN 9 (

H+ ion from the other) N —C—C *H

1 o
.,}}_2 .

- - H -
Digestion occurs via hydrolysis - proteolytic enzymes are used =~ #mno acd nino aad
to return the H+ and OH- ions to form water and split the
protein into amino acids L P
Pepsin is the proteolytic enzyme contained in the stomach LA
e |t is most active when the pH is 2-3 hipephde

e |tisinactive when the pH is 5 or more
Pepsin is able to digest collagen - contained in meats in their connective tissues
e This must be digested first or the rest of the meat cannot be digested - if a person has
no pepsin cannot digest meat
e Pepsin break proteins into polypeptides
e This is only 10% of all protein digestion



' (a) Peptide structure
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Digestion of proteins

Most protein digestion occurs in the duodenum and jejunum
by proteolytic enzymes in pancreatic secretions:

e Trypsin

e Chymotrypsin

e Proelastase

e Carboxy-polypeptidase
Trypsin and chymotrypsin break protein molecules into
polypeptides
Carboxy-polypeptidase break the polypeptides into amino acids
Proelastase breaks down elastin fibers that help to partially
hold meats together

Not all proteins are digested to single amino acids - some
remain as di and tripeptides at this stage

Protein

~¢—— Pepsin

Large
polypeptides

Short peptides
and amino acids

Amino acids




Digestion of proteins

The last stage of protein digestion is in the
enterocytes of the villi - the villi have
microvilli and the microvilli contain
peptidases _ cococpe Cunntl
The peptidases are called:

e Amino Polypeptidase

e Dipeptidases
These break the remaining proteins into di
and tripeptides and single amino acids
Amino acids & di and tripeptides are then
absorbed through the microvilli
membranes into the enterocytes
The enterocytes have other peptides that
break the di and tripeptides into amino
acids which are absorbed into the blood
99% of proteins are made into amino acids

Dietary proteins

| HCl, pepsin
Y

Denatured and partially
hydrolyzed protein

Trypsin, chymotrypsin,
aminopeptidase, carboxypeptidase
y
Small peptides,
amino acids

Active transport
¢

Amino acids in
blood stream




Ly Jaoil Ounineccid N @

¢ dle

Sec .addine tropmapel
AR |

2 A

v A3

Di- and tripeptides Amino acids Small peptides
cotransport with H+. || cotransport are carried intact
with Na+. across the cell by
L d °o® ® 9 transcytosis.
HT .*.

Na* ® &

oo

@
.l

‘( H Na* e ‘.“.4;
\
E=————
\-) N
—>» Blood —» — To the liver —>
N

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Figure 21-17



Digestion of fats

e The largest amounts of fats in our diet are triglycerides
e This means each molecule is composed of a glycerol molecule and 3 chains of fatty
acids
e These fats are found in food of animal origin
e Cholesterol and phospholipids can be found in small quantities in the diet and are
considered fats
e Digestion of fats begins in the stomach
e This is via lingual lipase enzyme which is secreted from the lingual glands and
swallowed with the saliva
e Digests 10% of triglycerides
e Consider not to be important as it is such a small amount
e The rest of fat digestion occurs in the small intestine
e Helped by the stomach which mixes the fat with the other products of digestion to
make chyme!
e The first process is the emulsification of fats (breaking fats into smaller fat globules
so water soluble digestive enzymes can act on them)

I LRTI Y 9lycvide



Digestion of fats

Emulsification occurs in the bile which
contains bile salts and the phospholipid
lecithin

These work to make fat globules fragment
into smaller parts and mix them with
water in the small bowel - like a house
detergent used for removing grease!
Each time the diameter of the fat globule
decreases this increases the surface area
of the fat

The pancreas secretes lipase enzymes
which helps to digest via hydrolysis

The pancreatic lipase splits the fat into
fatty acids

The enterocytes secrete enteric lipase
but this is usually not needed

(mostly triglycerides)

Dietary lipids

. Physical break-up

Y

Lipid droplets in chyme

Emulsification by bile salts
Partial hydrolysis by pancreatic |

\/
Mono- and diglycerides
in micelles

Absorption

V)

Synthesis of triglycerides
packaged into chylomicrons

for transport in blood



Bile salts and fat digestion

The hydrolysis of triglycerides is highly reversible
If there are a lot of monoglycerides and free fatty acids, Cﬁ
this will stop further digestion of fats in that area
Bile salts are used to remove the monoglycerides and fatty .
acids to allow digestion of fats to continue Bydrophobic
The bile salts when in a high concentration in water form e
MICELLES (small globules‘of bile salts) 3 ¥ A5 increased surface area
Bile salts have a fat soluble and water soluble component Y 2 D
in each salt 3 S R
The fat soluble end surrounds the fat globules to form a
fatty core in the micelle. The water solublg part of the bile ¢ At the intestine the
projects out to cover the surface of the micelle.
Because the water soluble part is on the surface - this .
makes the micelle water soluble aFIdS break free of the
Bile salts use micelles as a way to transport fatty acids bile salt and are absorbed
and monoglycerides (which would be insoluble) to the ® The bile salts are released
epithelium of the small intestine back to the chyme for re-
use

P
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17y

41

\
Iy

I \
dgypb

monoglycerides and fatty



VVVVWVW
VVWVVVVVW\

Triglyceride

NWVNVVWW

Lipase, colipase

W M

NV
NNV

Free fatty acids

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

NVWVVVVWWN |+

Monoglyceride

Figure 21-18



Bile salts and fat digestion

Large Mucosal cell -
lipid .
droplet Fatty acid <
~ Mixing + O 4 pancreatic ©
bile salts 000 lipase o R

/ Mondglywnde r

e

/

Micelles

—=== >

Figurel. Mechanism of Fat digestion and absorption

e Cholesterol in the diet is in the form
of cholesterol esters (cholesterol
bound to a fatty acid)

» Phospholipids also contain fatty
acids in their molecules

e These are both hydrolyzed by two
other lipases found in pancreatic
secretions:

e Cholesterol ester hydrolase -
for cholesterol hydrolysis

e Phospholipase A2 for the
phospholipid hydrolysis

e Micelles are used here also in
the same way - helping
transport and dissolving!



(a) Bile salts coat lipids to make emulsions.

EDe
ﬁf Wosom%:?
cholest ol

@ Bile salt-coated
4 lipid droplet

Polar side chains

Water Hydrophobic side  (hydrophilic side
associates associates with
with lipids. water)

(b) Micelles are small disks with bile salts, phospholipids, fatty acids,
cholesterol, and mono- and diglycerides.

Monoglyceride Phospholipids Diglyceride
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Absorption

e Each day the intestines must absorb the same amount of fluid that is ingested
e This is usually 1.5L of ingested liquids and 7L made up of gastric secretions
e Total =8-9L
e The small intestine usually absorbs all except 1.5L
e This means only 1.5L enters through the ileocaecal valve into the colon
e The stomach is not involved in absorption due to a lack of villi in the mucosa and
cause the epithelial cells are packed tightly together
e Only lipid soluble substances e.g. alcohol and aspirin can be absorbed in the stomach
(but in small amounts)
e The small intestinal mucosa is adapted to increase absorption here
e The small intestine contains many folds called valvulae conniventes (Folds) = increase
surface area
e Many valvulae conniventes in the duodenum and jejunum
e The epithelium also contain villi = increase surface area and increase absorption (x10)
e The villi are in the small intestine only and stop at the level of the ileocaecal valve
e The villi are arranged close together in the duodenum and jejunum but are
arranged further apart in the ileum




A b sor pt | on " Plicae éffculahreé B

Each intestinal epithelial cell also has a brush border of :
microvilli - increases the surface by x20  «xpi _ gliswiee Sy e
The combination of the valvulae conniventes, villi and
microvilli increase the area for absorption by up to x1000
Total surface area = 250m2 for the small intestine (size of % 7%
. -~ ——Submucosa
a tennis court) ‘ uscutar
Each villa is made up of: Circular muscle
e Vascular bundle of an artery/vein to help maintain
gradient for absorption and to transport dissolved
material to the portal circulation
e Central lacteal - lymph vessel for the absorption of |
lymph ¢t g lal. _wWUfw‘ rec Villus{ {1
The microvilli contain actlnyigl-)laments Bon & btale
e Cause rhythmical contraction to cause continual
movement of the microvilli to expose them to new
quantities of intestinal fluid - increase absorption

3 Plicae circulares

Microvilli of
epithelial
) cell surface
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Intestinal Absorption
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Villus (greatly enlarged)
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(b) Movement of absorbed nutrients into the blood lymph

24.25b



Absorption of water and ions
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Water is transported through the intestinal lumen to the blood by 0smosis( Low salty—shigh salf

(N9) 289,063 mo\onl) SToe dygt15 OSwalavity 5 et 42
Osmosis - the spontaneous movement of solvent molecules through a semipermeable
membrane from a region of high concentration to one of low concentration higher solute
concentration - aims to equalize theQéqute concentrations on the two sides.
ARl
o

Diffusion moves H20 through paracellular spaces and osmosis takes it into the capillary
Water can also move in a transcellular way - via osmosis it moves into the epithelial cell

and then out again into the paracellular spaces via osmosis



Absorption of water and ions

Tight Junction

, Paracellular
Uptake
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~Mucosal cell

, Transcellular
Uptake

Osmosis also occurs between the chyme and
the plasma

When the stomach and duodenum
releases enzymes into the chyme this
makes the chyme very concentration

Water then moves from the plasma to the
chyme to make the concentrations in
each equal - also called ISOTONIC



Absorption of Na ions

e Each person eats 5-8 grams of sodium a day
e Normally less than 0.5% of sodium is lost to the fagges —  dosorprions=pn G
e Sodium ions are in greater conc in the intestinal lumen than in the epithelial cells

There are many mechanisms by which sodium enters the epithelial cell from Lumen:
o Diffusion — (evwecsle JQUDN woum £
¢ Via exchange pumps (Na/H+ exchange pumps)

Once inside the epithelial cells there are mechanisms to remove the sodium from the cells to
keep the concentration gradient from the lumen (high to low)
e Sodium leaves the epithelial cell to the paracellular spaces (between cells) and also at the
basal portion of the cell (towards the capillaries). This can occur by:
* Active transport _, goc i NG o ez

oawine aedd.

e This requires an input of energy from the cell (ATP)
Exchange pumps (Na/K+ exchange pump)
N9\ oy Lo GG NGt It apes
Low & No* D14 U2
Ha:K exhanger 195 ¢ Qo) & porr Bl g L



) of ions

Diffusion of sodium into the cell and
exchange of Na out at the basal layer via the
Na/K+ exchange pump can be seen

For each 3 Na ions removed from the
epithelial cell > 2 K+ ions move in.

This keeps the potassium concentration
inside the cell high (K+ is an intracellular ion)

There is also a Na/H+ pump on some
epithelial cells which exchanges Na into the
cell and H+ out (duodenum and jejunum)

As the sodium moves out of the epithelial cell
it causes water to move out of the cell by
0Smosis.

.
v Na+ enters cells
via channels

. -
(lumen of »

inlasiine) * and transponers

3 Na* ions
out of cell

Intracellular
~15mM Na*
~ 120 mM K+

(extracellular
fluid)

Extracellular
~ 145 mM Na™*
~5mMK*

2 K* ions
into cell
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Absorption of sodium ions and water » *= @ @

. . . . - - - Jn’Ffu ‘on J!’ G‘)
¢ In the duodenum and jejunum also there is absorption of chloride ions : 4
As the positive Na ions move into the cell this creates an electrochemical gradient=, z:t3 1

e This means as the positive Na+ ions move they drag negative Cl- ions with then Qe s
3/}%\&»

The small intestine must absorb sodium so that it is all not lost to the faces \;L?v« JLEﬁ* v
e |f this occurs (e.g. with diarrhea) the body reserves of sodium are reduced and
sodium can be depleted to lethal levels within hours
;&dtcm\\ Womme DN > “"’“Q"{ estraclldor Lo — a_>
e Aldoster ﬁe secretion can increase sodium and water absorption from the small
intestine (like in the kidney ”“d"‘w““’ NS Jdce & S8 s2id a\doskre;ne &

Motmeovia)  Covirve l

e When a person becomes deherated large amounts of aldosterone are secreted

from the adrenal glands
e Within a few hours the aldosterone increases all the ways by which sodium is

absorbed into the cell
e The increased sodium absorption increases the movement of chloride ions and

water

AA ;\q(wwst [\IRY P Gas M

alcleslerone J |
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HoOZ cl” qaud. e q_gwl—-“‘ Na R gecredion wt
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Absorption of ions T T2 i g m
O == rea\awpk-ce;.c s W
When sodium enters the cell via a Na/H+ pump thereis | e ane
sodium absorption and release of H+ from the cell M <> we AN
H+ are created when CO2 diffuses into the cell Na* H‘i
These H+ ions enter the lumen and bind with R V5
bicarbonate ions to form carbonic acid. The carbonic - . N
acid then breaks down to form carbon dioxide CO2 ncos < S _ucos < nocos > -
and water

® Inthe |Ieum nd Iaﬂge mtestme
there is a H 03/Cl pump on the»
surfaces of the epithelial cells :

® This pump then secretes HCO3-
into the lumen of the intestine in )
exchange for Cl (distal part of E

The water enters the chyme

The carbon dioxide is absorbed into the blood and
expired by the lungs

This is good as it helps to remove the large
amounts of bicarbonate that have been secreted

mtg l’;hle duodenum in the pancreatic secretion colon) . ‘.,_;)
and bile e This bicarbonate secretion is_—

This process only occurs in the duodenum and

By e J o, J\C&é(,l., © b ! e
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Absorption of carbohydrates

e The majority absorbed as glucose (80%)
e The rest are absorbed as galactose and fructose from
milk and digested sugar respectively
e Glucose requires the presence of sodium ions for
absorption. e T
* Thisis via a sodium glucose co-transporter = T -

e This means that sodium binds to a transport protein
but it cannot be taken inside the epithelial cells
without a glucose molecule binding

e Once the glucose combines both molecules are
transported into the epithelial cell

e Once inside the cell the glucose enters the capillaries
by facilitated diffusion. This means it moves from its

Blood Epithelial cells Intestinal lumen
High Na' Low Na* Dietary glucose
Low K’ High K* High (dietary) Na

GLUT2
X

Glucose 4—-—_ Glucose

Glucose

o'y gy, N2
<ATP 2 Na
Na'/K*ATPase '

' _ Na'fglucost

K’ ‘K ADR ) symport

protein

Basolateral Tight junction Apical '
membrane membrane

e Galactose is transported in
— A .
the same way &=isepe N,

o INoanspo

o Fructose enters the cell by

high concentration inside the cell to the low ,&\;f/ diffusion, there it is

concentration in the capillaries but is helped across
the membrane via a transmembrane protein (channel)

phosphorylated and

converted into glucose
® Less efficient than the

glucose mechanism



. Glucose or
Na” @ galactose

Lumen of © Fructose

intestine

L\

Intestinal
mucosa

KEY
® SGLT, . prier -2
\nCO' o .
0 GiUT2 > Sec\iated A0l
® GLUTS

Glucose enters the cell with Na* on the
SGLT symporter and exits on GLUT2.
Fructose enters on GLUT5 and exits
on GLUT 2.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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-
o Na*- glucose symporter
| brings glucose into cell
against its gradient using
enerqy stored in the Na*
concentration gradient.

Lumen of kidney [Glucose] |oy (Glu)

Na® [Na*] hign
or intestine

&

Apical

GLUT transporter
membrane

. transfers glucose to ECF
U by facilitated diffusion.

r

e Nat-K*- ATPase pumps
Na+ out of the cell, keeping
‘ ICF Nat+ concentration low.

[Glucose] high @ (Na* [Nat] low

Epithelial
cell

Basolateral
membrane

©
-
L

=

_J L ATE

Extracellular
fluid

A 4
[Glucose] jow (GU)  [Na*lpign Na® &P
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Absorption of proteins — ==

Nd" X &

After protein digestion the final dipeptides,
tripeptides and amino acids are absorbed
through the intestinal epithelial cells via a co-
transported system like glucose

The co-transported here is a sodium system
also

The amino acids etc bind with a transport
protein on the microvilli surface of the
epithelium

Sodium then binds

After the sodium binds it moves down the
electrochemical gradient from very positive
charge outside the cell to a less positive area
inside the cell

As the sodium moves the amino acids move
into the cell with it

Cell membrane
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Absorption of fats

There are two ways to absorb fat:

Micelles are formed from the monoglycerides and free fatty acids when mixed with bile
salts. This creates a lipid core and a water soluble exterior.

Micelles then carry monoglycerides and free fatty acids to the microvilli membrane

At the microvilli the monoglycerides and fatty acids separate from the villi and diffuse
through the epithelial membrane (once they break from a micelle they are no longer
water soluble but are now fat soluble)

The epithelial cells can allow lipids to diffuse through as they have a fat soluble
membrane

The bile micelles remain in the chyme and they can be used again for transporting more
products of fat digestion

The micelles are very important for transport. When there are a lot of micelles 97% of fat
ingested gets absorbed but when there are none only 40-50% gets absorbed

In the epithelial cells the monoglycerides and fatty acids from the micelles are used by
the endoplasmic reticulum to form new triglycerides which are released as
CHYLOMICRONS through the base of the epithelial cell into a LYMPH DUCT
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Fat Absorption

* Triglycerides and other lipids (cholesterol)
combine with protein to form small water
soluble particles called chylomicrons

* Chylomicrons will be packaged into
secretory vesicles and leave the cell
through exocytosis.

Chylomicrons absorbed into lymph of
lacteals

* Some shorter fatty acids go to blood.
* Bile salts are not altered during fat

digestion, it will be transported back to the

liver from the ileum through the portal
circulation.

* Bilirubin and other wastes will be excreted

in faeces. fecyde &
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The lymph draining from the small intestine appears milky and the
lymphatics are easy to see. In the image above, the fine white lines (arrows)
are intestinal lymphatics packed with chylomicrons



Absorption in the Small Intestine
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1) Dietary vitamin B12 is normally bound to proteins in food

2) Pepsin and acid pH in the stomach will degrade these food proteins and release vitamin B12.

3) free B12 then binds to one of the three vitamin B12 binding proteins, called haptocorrin, produced by
the salivary glands and the parietal cells in the stomach. In the duodenum the pH is now less acidic and
this allows pancreatic proteases to degrade the haptocorrin, and vitamin B12 (both newly ingested and
from the bile duct) is released again and binds tightly to Intrinsic Factor produced by parietal cells.

4) In distal ileum the vitamin B12-Intrinsic Factor complex bind to receptors.

5) Vitamin B12 then enters the blood bound to another binding protein, transcobalamin, the complex is
Yok AN b of Jails e N L\?\g sowble 3 @

known as holotranscobalamin (Active B12) WAV g g e uib e s

6) Holotranscobalamin (Active B12) is the biologically active fraction of vitamin B12 in the blood as it is in
S e g w1
only this form that vitamin B12 is delivered to all the cells of the body. ¢ =, - ot g
ety s Ohes 3, ONA Syortlaat ¢

7) Vitamin B12 absorbed in the intestine gets transported to the live liver via the gortal system.

8) There is extensive enterohepatic circulation of vitarpin B12 and B12 is transported from the liver, via
: mos e WP B gedr ot o) \wge inhing Lol ol m

the bile duct, to the duodenum.” *— < * /== e e
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Migrating Motor Complex (MMC): Myoelectric
complex
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 A) Bursts of intense electrical and contractile activity

* B) During fasting, the predominant pattern of activity is the migrating
myoelectric complex (MMC), a cyclically occurring pattern of electric and
mechanical activity

* C) Propagation from stomach to ileum (moves food from stomach and small
intestine into colon )

* D) Repeats every 90-120 min (repeated cycles between meals)

* E)The MMC is thought to be partially regulated by motilin, which is initiated in
"y N2 I

gy N2

. aﬁf\ 0562

the stomach as a response to vagal stimulation



Migrating Motor Complex (MMC): Myoelectric complex
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Myoelectric complex importance:
ol |
* This activity Expels food to the Caecum e ~
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* Inhibits the migration of colonic bacteria into the terminal ileum j
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