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DIGESTION and ABSORPTION:

Digestion process occurs by the activity of enzymes that catalyze
carbohydrates, lipids and proteins
Absorption occurs by specialized epithelial cells

General considerations:

¥ - No absorption in esophagus, little in the stomach and vast
F majonty of absorption occurs in small intestine. The ..n.u‘f intestine has
b specialized structures to increase the absorptive capacity by increasing

L the absorptive surface area of the mucosa

- Most nutnents are absorbed before reaching the ileum
- Colon is responsible for final removal of electrolytes and
water.

Intestinal specialization:

- Presence of mucosal folds (Folds of Kerckring or Circular
Folds) increases the surface area three folds.
- Mucosa also has other structures called villi which increase
surface area 10 more folds.
- The lumenal surface of the epithelial cells has micrvilli, which
increase surface area 20 folds.
The net increase in the surface area is about 600 folds.

Villus:
This specialized structure has:

- Capillary network which removes the absorbed nutrients
very quickly. This process maintains a concentration
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- [;llttr_p; Innervation (mainly the submucosal plexus):
provides mechanism to regulate secretion of secretory
cells and blood flow to intestinal mucosa

- dmooth muscle cells of the musculars mucosa which
allow villi to wave in lumen and folds to move, which
permit more spreading of chyme over the absorptive area

- Brush border enzvmes (At luminal membrane of
absorptive cells):

- Al the surface of microvilli, cells are equipped with

engymes which help in the final digestion of carbohydrates
and proteins

DIGESTION and ABSORPTION OF CARBOHYDRATES:
Forms of ingested carbohydrates:

Mostly carbohydrates are ingested as starch (a polymer of
glucose linked by alpha 14 and alpha 1-6 linkages at
branches)

Lesser amounts are ingested as sucrose (fructose and glucose)
and lactose (glucose and galactose).

Cellulose is a glucose polymer of |4 beta linkage. This is not
digestible by enzymes of gul.

Digestion of carbohydrates:

of carbohydrate digestion begins in oral cavity.

s that involved in carbohydrate digestion and thewr activities are.
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Pancreatic amylase: digests 50-80% of starch. Alpha
amylase that can attack the alpha 1.4 linkage
The result of this digestion 1s maltose (2 glucose molecules),

maltotriose (3 glucose molecules). and alpha limit dextring
(Structure containing ramified glucose polymer)

Brush border enzymes: responsible for final

hydrolysis of glucose polymers and disccharides into
monosacchandes

4 enzymes are found at this site (brush border)
Lacrase split lactose 2 glucose + galactose
Sucrase split sucrose = fructose + glucose

Maltase split maltose and other glucose polymers =

Ulucose

@ Dexirinase attack at alpha 1.6 linkage in «- limit
dextrms

The fmal digestion of carbohydrate is glucose, fructose, galactose.

Absorption of carbohvdrates:

1. Glucose:

- * Absorption of glucose is taking place with the help of Na+
linked camrier at the membrane of the epithelial cells.

- Binding of both Na+ and glucose to a specialized carrier will
e result in ransport of Na+ and glucose into the cell.
- = Then Na+ is pumped out at basolateral membrane. And glucose
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Huids also. It could be important when glucose cone entratic

very high in chyme
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Galactose: uses the same mechanism as glucose (Na* linked
camer) ’
Fructose: enters by fagilitated diffusion by using different &8
of carrier than Glucose/Galactose. The carrier 1s not linked to
Na+t. At the basal membrane it diffuses pxh'ﬂ\'t"}'

DIGESTION and ABSORPTION of PROTEINS:

Protein s a polymer of amino acids (aa) hnked together by peptide
bonds. About 60 grams of proteins are digested and absorbed by the gul
per day

Thas protein s denved from food. mucus, enzymes, and
desquamated cells.

Protein digestion:

- Proteolytic enzyme in the stomach: Protein digestion in
stomach is little, because the pepsin and HCI can not attack the
interior of food mass The food is in semisolid mass and the
exterior of mass only can be exposed to the enzymes. The digestive
enzyme in the stomach is pepsin

Pepsin enzyme has an optimum activity at the pH 2-3. It is

inactivated at a pH more than 5 in the small intestine. The activity
of this enzyme results in hydrolysis of about 20% of proteins that
enter the stomach by converting lhclsc large pepuides of proteins

. Proteolytic enzymes of the pancreas:

Include: Endopeptidases ( 1rypsin and chemotrvpsin)
Exopeptidases: ( carboxypeptidases and

aminopeptidases)

These enzymes continue (0 hydrolyze proge; .

it 1o small peptides and amino acids. TR vonvecting
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di-, and tri-, pe ptides after they have been transported
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DIGESTION and ABSORPTION of LIPIDS:

Bile is required for fat digestion and absorption:
- Bile is secreted by liver 1o act in the lumen of intestine. It

solubilizes lipids and aids in their digestion. Bile salts are
W‘Wﬂwmmmmwm i and
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Ligestion of lipid:

Lhetary hpid: fat 18 ingested mostlv a triglveerides. Less as
@"h"\{"l'n'h"h_‘ S Jnd slerol

In stomach: httle or no digestion or absorption of fat in the
stomach 15 taking place. No bile salts ar present an the stomach to
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Nna end to ¢ mpty al slower rate than the rest of the meal
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{ 1pa can act on il‘iL‘ v '.H_Li"l'“
| st and 3rd ester linkages of the tri-
ind faltty Ac |1!'= HIL' c -II!E Ol ”'nl'
: cids and a 2-monoglyceride
[ ¢ (FFA), the 2-monoglyceride, phospholipids.
C le salts remain combined together in micelles
When the micelles are in contact with the gut wall, FFA,

monoglyceride, phospholipid, cholesterol diffuse out of the
micelles across the brush border into the epithelial cell.
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Note: in contrast to carbohydrate and
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ADsorption of lipids:
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Puon across the lumenal membrane of the intestinal

el A e .
Cpitheiial cell is by Passive diffusion
G inerada ol

A AW . .l."li\. I-ll-_ k!‘l’itlx.|||li‘l

: \t _ .
tl A nonog Iyceride relorm JFH;h'i‘r‘Hfh‘- agamn (thi

Process i‘it.\li \1!‘.““]‘ L \"

tNRIyeendes (80-90%) cholesterol (3%) F'Ih”‘f"'l'l?ls\l'!

§
- i

\ )= ~'-_.‘-':‘ otem ( § o) Orce -.nIHIﬂH:.lI|H_.'.___!i|__r (o ftorm
h_l- 7> r ' {fxl) ".:,|l. 118 l!| ".l'|-,-.'l"
T —_—_ . . { K1 ' 2 i . . [
e LIy UCIUMS 4 \L\',‘ullkdHwh?lll»,‘L|"H\I,"|_'.ik']l'-]'
EXOCYIOSIS. It diftuse through the extracellular >Pacc and is

FEmOVEd from the villus by lacteals (the terminal lymphatic
vessel) and lymphatic circulation. Then enters the circulation at
the thoracic duct

Some glycerol molecules which are not esterified into
inglycende and short chain fatty acids pass directly through the
epithehial cells and removed from the villus by diffusion into
blood capillanes
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ABSORPTION of WATER and ELECTROLYTES: |, Set
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\ Absorbed actively in the small intestine and colon
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itusion 1s passive at the lumenal membrane and pctive at
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monosaccharide
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| wal in dehvdration
\ uppCr part 1 thie |'IJIH intesling
! | mum). Cl- moves In passive diffusion when
radient 15 established by the ab orption ol Na

* K+ absorbed passively in small intestine
In colon usually secreted in exchange lor Na+,

Absorption of Catt:
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vitamn ¢

| {ferrous iron ) 1€ much more saluble than Fetv +4 (ferrie

iren)
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L he effect of vitamin C in enhancing iron Wbsorphion | by
e m "I 1EmCe iron Lo lerroius (ron
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pancreatic juice inhibit iron absorphion
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e r protein from the epithelial cells KNOWN ¢
Mhis protein binds to Fe++ =2 lemtin ['his complex

{“t‘f in and iron s transported into the cell by receplor

iediated endoCy1081S

. Then iron stored in the epithelial cell in the form of ferntin

then transported into the bl
needed

ood where it binds trasnferrin as

U

. 1f NOT needed, iron is lost when cells are desquamated. This
mechanism prevents excess iron from entering the blood and
causing toxic effects. This process is known as Mucosal

Block

bsorption ol ¥ ins:

- Most vitamins are absorbcd in the upperpm of the smdl_
¢ -lh.
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