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« Pancreatic secretion contains

for digesting all of the three
major types of food: proteins,
carbohydrates, and fats. It also
contains large quantities of

, Which play an

important role in neutralizing the
acidity of the chyme emptied from the

stomach into the duodenum.
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s Pancreatic enzymes for digesting Proteins are
Trypsin, Chymotrypsin, and
Carboxypolypeptidase. By far the most

abundant of these is trypsin.

J! Jo 93 Il pancreatic secreations J/ oS saa ol
Carboxypolypeptidase J/ ¢4 amino acids H proteins

= [The pancreatic enzyme for digesting
Carbohydrates is pancreatic Amylase, which
hydrolyzes starches, glycogen, and most
other carbohydrates (except cellulose) to
form mostly disaccharides and a few

trisaccharides.




The m@gin enzymes for Fat digestion are:
m (1) Pancreatic lipase, which is capable of
hydrolyzing neutral fat into fatty acids and

monoglycerides

m (2) Cholesterol esterase, which causes
hydrolysis of cholesterol esters

m (3) Phospholipase, which splits fatty acids
from phospholipids.



Pancreatic juice
1.0'1 .2 L/day By the ducts By the acini
Mostly water,some salts, bicarbonate, enzymes
= Alkaline, pH 7.1-8.2. T T

= Buffers acidic gastric juice, stops pepsin activity,
creates proper alkaline pH for enzymes acting in
the intestine.
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Pancreatic lipase
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in response to acid in the duodenum gl (secretin J/ o) ,4s ol

Composition;

e Water

e HCO;

e Poor in enzymes.

Secretion; Actively by epithelial cells of pancreatic
It is stimulated by secretin & VIP.

Function;

Neutralize the acid chyme emptied by the stomach
into the duodenum to protect the delicate duodenal
mucosa from harmful effect of acidity&pepsin.

HcI+Ncho3=Na CI+H2CO3 Carbonic acid (weal acid)

Provide the alkaline pH optimum for the action of
pancreatic & intestinal enzymes .
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m They are fully sufficient for complete digestion
of food.

m They are secreted from the Acinar cells.
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= The juice is small in volume, poor in HCO,;- and
Rich in the following enzymes:-

Pancreatic amylase.
Pancreatic lipase.
Pancreatic Proteolytic enzymes.
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brush JI g2 active form M Trypsinogen JI Jgaa o/ 9t -
Ldass 9 centerokinase enzyme <awl oJl border enzyme
H activation Jaxa g <5 9ay activation Jaxa trypsin J/
procarboxypeptidade JIg chemotrypsinogen

1-Proteolytic:
Secreted in inactive form, become activated only in small
intestine. By secreted by
In response tdodgﬂ/me.
s Trypsinogen = Trypsin ozl peptides

Trypsin
s Chymotrypsinogen chymotrypsin (endopeptidase)
—peptides

Trypsin
m Procarboxypeptidase carboxypeptidase Amino acids

It is an It is the only Proteolytic enzyme that
can release amino acids.

m d-Proelastase Elastase (acts on elastin).



2-Lipolytic:
a- acts on TG Monoglycerides and

fatty acids. It is the only enzyme that accomplish fat
digestion. It needs bile salts.

o
C- esterase)
3-a-Amylase:
Act on starch maltose and maltotriose & dextrins.
More potent than ptyalin.
4-Nucleases:
Act on RNA, DNA - nucleotides.

Triglyceride rMonoglyceride Free tatty acids



m All Proteolytic enzymes are secreted in an
inactive form to protect the pancreas against
, and they become activated only

in small intestine under the effect of Trypsin.

chemical inflammation - acute autodigestion of the pancreas - oI/ pancreatitis J/ o -
JI 8& pancreatitis JI ¢l adi (LA dago i antibiotics JI < (lic (bacterial i
alcohol J/y gallbladder stones

m The pancreas also secretes a
that blocks any trypsin activity inside the
pancreas, because normally, some trypsinogen
Is activated to trypsin in the pancreas.

Predict the mechanism of pancreatitis?



Basic Stimuli That Cause Pancreatic Secretion:

Acetylcholine, which is released from the
parasympathetic Vagus nerve endings and from
other cholinergic nerves in the enteric nervous
system

Cholecystokinin, which is secreted by the
duodenal and upper jejunal mucosa when food
enters the small intestine

Secretin, which is also secreted by the duodenal
and jejunal mucosa when highly acidic food
enters the small intestine




During cephalic and gastric/_\
phases, stimulation by

vagal nerve fibers causes
release of pancreatic juice

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

e (2 Cholecystokinin
and secretin enter
2 i @ Upon reaching the
pancreas, cholecystokinin
induces the secretion of
enzyme-rich pancreatic juice;
secretin causes copious
secretion of bicarbonate-rich
pancreatic juice




@ Secretin, in contrast to the first two basic
stimuli, stimulates secretion of large quantities
of water solution of sodium bicarbonate by the
pancreatic Ductal epithelium.

@ Acetylcholine and Cholecystokinin, stimulate
the Acinar cells of the pancreas, causing
production of large quantities of pancreatic
digestive enzymes but relatively small
quantities of water and electrolytes to go with
the enzymes.




= Secretin is released from the mucosa of the

small intestine when the of the duodenal
contents falls below and its release
increases greatly as the pH falls to 3.0.

This immediately causes copious secretion of
pancreatic juice containing large amounts of
sodium bicarbonate

Because the mucosa of the small intestine cannot
withstand the digestive action of acid gastric
juice, this is an essential protective mechanism to
prevent development of



« Bicarbonate ion secretion by the pancreas

provides an appropriate pH for action of the
pancreatic digestive enzymes, which function
optimally in a slightly alkaline or neutral medium,
at a pH of 7.0 to 8.0.

= Fortunately, the pH of the sodium bicarbonate

secretion averages 8.0.



1-Nervous:

During the Cephalic 20% (both conditioned &
unconditioned reflexes ) and Gastric phase 10%
(presence of food in the stomach), there is stimulation of
Vagus nerve act on acinar cells of pancreas
pancreatic juice (secretion rich In digestive enzymes,
poor in fluid).

2-Hormonal:

During the Intestinal phase of gastric secretion two
important GIT hormones; secreted by duodenal mucosa
stimulate the secretion of pancreatic juice:

a-Secretin hormone: It stimulates the secretion of
pancreatic juice, large in volume, rich in HCO;".

b-Cholecystokinin hormone (CCK): It stimulates the
secretion of pancreatic juice, small in volume, rich in
enzymes.




It is a polypeptide hormone secreted from
specialized cells called S cells in the glands of the
duodenum& jejunum contain 27 amino acid.

It is secreted in response to:-

m Acidic chyme in the duodenum.
m Products of protein digestion.

Function:-

Stimulate secretion of pancreatic juice rich in Hcos
from pancreatic duct cells.

Stimulate secretion of Hco; from duct cells of the
biliary tract which increase Bile flow Srhatie

Augment the action of CCK on pancreatic cells.
Inhibit gastric acid secretion & emptying.
Has trophic effect on exocrine pancreas.
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It is secreted from:-
m | cells in the upper small intestine contain 33 amino acid.
® Nerves in the distal ileum.

It is secreted in response to products of
fat & protein digestion.

Function:-
Inhibit gastric motility, emptying & secretion.

Stimulate pancreatic acinar cell to secrete juice rich in
enzymes.

Trophic to exocrine pancreas

Augment action of secretin.

Stimulate gall bladder contraction ( act as cholagogue).
Involved in regulation of food intake.
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Complete digestion of
food requires action of
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Contains H,0, HC0, and digestive enzymes.
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able 84 Enzymes Contained in Pancreatic Juice

Enzyme Lymogen Activator Action

Trypsin Trypsinogen Cleaves internal peptide bonds

Chymotrypsin Chymotrypsinogen Trypsin Cleaves internal peptide bonds

Elastase Proelastase Trypsin Cleaves internal peptide bonds

Carboxypeptidase Procarboxypeptidase Trypsin Cleaves last amino acid from carboxyl-terminal end of polypeptide
Phospholipase Prophospholipase Trypsin Cleaves fatty acids from phospholipids such as lecithin

Lipase None None Cleaves fatty acids from glycerol

Amylase None None Digests starch to maltose and short chains of glucose molecules
Cholesterolesterase None None Releases cholesterol from its bonds with other molecules
Ribonuclease None None Cleaves RNA to form short chains

Deoxyribonuclease None None Cleaves DNA to form short chaing




