
Pancreas

 Exocrine:
 Acini: 

 Secrete 
pancreatic juice.

 Endocrine:
 Islets of 

Langerhans:
 Secrete insulin 

and glucagon.

Insert fig. 18.26ducts وال acini عن طريق ال

Rich in enzyme

وال ducts بفرزوا ال 
water وال bicarbonate

Islets of langerhans form 
1%-2% of the volume of the 
pancreas

- ال blood supply لل endocrine pancreas هو 
pancreas تبعت ال blood supply 10 من ال%

endocrine cells بتشكل %70 من ال beta cells ال -

يبنلا ىلع 6لص



5-Pancreatic Secretion 
 pancreatic ل release الي بعمل vagus stimulation في عن طريق ال

juice rich in enzymes
 secreation of the مسؤولة عن %20 من ال cephalic phase ال -

pancreas
- ال gastric phase (ا:كل ا8وجود في ال stomach) مسؤول عن 10%

- ال intestinal phase مسؤولة عن ال 70%
نفس الكGم الي حكيناه عن ال HCL بنطبق هان، يعني 8ا 

حكينا عن ال condition وال uncondition reflexes في ال 
cephalic phase، انه مثGً واحد شم ريحة أكل بشهي بزيد 

عنده ال HCL sereation (هاد بالنسبة لل stomach)، وراح 
(pancreas هاد بالنسبة لل) pancreatic secreation تزود ال

 يولق ةنايلم ةراصع دوزب
 علطب( ،acids لا لداعت ناشع
)Bicarbonate ةنايلم ةراصع

 enzymes بزود عصارة مليانة
عشان تهضم ا:كل

Hormonal regulation:

 duodenum بنفرز من ال
jejenum وال





Pancreatic secretion contains multiple 
enzymes for digesting all of the three 
major types of food: proteins, 
carbohydrates, and fats. It also 
contains large quantities of 
bicarbonate ions, which play an 
important role in neutralizing the 
acidity of the chyme emptied from the 
stomach into the duodenum. 
- أكثر اشي شاطر في هضمه هو ال Fat، بحولها ل fatty acid و glycerol، لكن 

 proteins وال carbohydrates على ال pancreatic secreation معظم ال
 ،dipeptides و tripeptides ل protein بتحول ال ،final product بتوصلش لل

وال carbohydrates بتحولهم ل trisaccharide و K ،disaccharideزم اHنزيمات  
تبعت ال small intestine عشان تكمل digestion الهم



Pancreatic enzymes for digesting Proteins are 
Trypsin, Chymotrypsin, and 
Carboxypolypeptidase. By far the most 
abundant of these is trypsin.

 
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. 

الوحيد في ال pancreatic secreations الي بوصل ال 
Carboxypolypeptidase هو ال amino acids لل proteins



 The main enzymes for Fat digestion are:
 (1) Pancreatic lipase, which is capable of 
hydrolyzing neutral fat into fatty acids and 
monoglycerides 
(2) Cholesterol esterase, which causes 
hydrolysis of cholesterol esters

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

مهمهأ



Pancreas
 Pancreatic juice 
 1.0-1.2 L/day
 Mostly water some salts, bicarbonate, enzymes
Alkaline, pH 7.1-8.2.
Buffers acidic gastric juice, stops pepsin activity, 
creates proper alkaline pH for enzymes acting in 
the intestine.

 Enzymes include:
Pancreatic amylase
Trypsinogen, Chymotrypsinogen, 
Procarboxypeptidase (inactive zymogens)
Pancreatic lipase
Ribonuclease and deoxyribonuclease

,

By the ducts By the acini

duodeno ulcer لو ضله شغال بعمل

؟شيل ،inactive form اونوكبً اعبط -
 اولمعيو pancreas لا اومضهي  ام ناشع

pancreatitis، لا يف اونوكب كيه ناشع pancrease 
Zymogens اهيمسنب ةجاح ةئيه ىلع نيدوجوم اونوكب



A-aqueous Pancreatic Secretion
 Composition;

 Water 
 HCO3

-

 Poor in enzymes. 
 Secretion; Actively by epithelial cells of pancreatic Ducts 

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.

                  Hcl+NaHco3=NaCl+H2Co3
▪ Provide the alkaline pH optimum for the action of 

pancreatic & intestinal enzymes .   

in response to acid in the duodenum بطلع ،secretin هاد بفرزه ال

Carbonic acid (weal acid)



Mechanism of HCO3- secretion

Acidic tide





B-Pancreatic enzymes

They are fully sufficient for complete digestion 
of food. 
They are secreted from the Acinar cells. 
The juice is small in volume, poor in HCO3

-  and 
Rich in the following enzymes:-

Pancreatic amylase.
Pancreatic lipase.
Pancreatic Proteolytic enzymes.

عكس الي من ال ductul ,ا نعادل الحامض، 
rich involume and bicarbonate بكون

- لو واكد عنده acute pancreatitis، فبصير عنده ال amylase level عالي، فهان احنا بغزة بنعمل فحص لل amylase، وأي 
واحد عنده acute pancreatitis وكان ال amylase فوق اMلف، يبقى هاد diagnostic انه العيان عنده التهاب في البنكرياس
- عيبه انه بعلى يومW وبالكثير ثVثة بعديها برجع normal، فعشان هيك لو كان واحد اله يومW تVتة بشكي من وجع فممكن 
يرجع لل nromal، فال more specific هو ال b pancreatic lipaseنه بعلى تدريجي وبضله عالي ^دة أسبوع، فعشان هيك 
 alpha amylase فيه ال amylase ما بطلع غير من البنكرياس، أما ال pancreatic specific أحسن نستخدمه وكمان عشانه

salivary glands الي بطلع من ال



Pancreatic enzymes
1-Proteolytic:
            Secreted in inactive form, become activated only in small 

intestine.  By Enterokinase enzymes secreted by 
Intestinal mucosa in response to chyme.

                           EK

Trypsinogen     →  Trypsin (Endopeptidase)→ peptides
                            Trypsin

Chymotrypsinogen → chymotrypsin  (endopeptidase) 
→peptides

                                       Trypsin
Procarboxypeptidase → carboxypeptidase → Amino acids
  

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

d-Proelastase    →   Elastase (acts on elastin).

amino acids يعني بنصلش ل

 brush هو ال active form لل Trypsinogen شو الي بحول ال -
border enzyme الي اسمه enterokinase enzyme، وبعدها 

ال trypsin بعمل activation 5خوته وبعمل activation لل 
procarboxypeptidade وال chemotrypsinogen



2-Lipolytic:
a-  Pancreatic lipase acts on TG →   Monoglycerides and 

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

b-Prophospholipase A2.
c-Cholesteryl ester hydrolase(cholesterol esterase)
3--Amylase:
    Act on starch → maltose and maltotriose & dextrins.
    More potent than ptyalin.
4-Nucleases:
   Act on RNA, DNA →  nucleotides.



Protection Of The Pancreas From 
Autodigestion

All Proteolytic enzymes are secreted in an 
inactive form to protect the pancreas against 
Autodigestion, and they become activated only 
in small intestine under the effect of Trypsin. 

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

     Predict the mechanism of pancreatitis?

 chemical inflammation هي acute autodigestion of the pancreas الي هي pancreatitis في ال -
مش bacterial، عشان هيك ال antibiotics مش مهمة هان، أهم أسباب ال pancreatitis  هو ال 

alcohol وال gallbladder stones



Regulation of Pancreatic Secretion
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 



Regulation of Pancreatic Secretion

Figure 23.28



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 pH of the duodenal 
contents falls below 4.5 to 5.0, 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 Duodenal ulcers.



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.



Regulation of secretion of pancreatic juice 
(Phases of Pancreatic Secretion)
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 HCO3
-.

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



Secretin
 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:- 
Acidic chyme in the duodenum.
Products of protein digestion.

 Function:-
Stimulate secretion of pancreatic juice rich in Hco₃ 
from pancreatic duct cells.
Stimulate secretion of Hco₃ from duct cells of the 
biliary tract which increase Bile flow (Choleretic).
Augment the action of CCK on pancreatic cells.
Inhibit gastric acid secretion & emptying.
Has trophic effect on exocrine pancreas.

هو أي مادة أو دواء يحفزّ الكبد 
Bile على إنتاج ا7زيد من ال





Cholecystokinin
 It is secreted from:-

I 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.

خلص تدرس يدكتور 



Pancreatic JuiceComplete digestion of 
food requires action of 
both Pancreatic and 
Brush border enzymes.
Most pancreatic 
enzymes are produced 
as zymogens.
Trypsin (when activated 
by enterokinase) 
triggers the activation 
of other pancreatic 
enzymes.
Pancreatic trypsin 
inhibitor attaches to 
trypsin.
Inhibits its activity in 
the pancreas.

Fig. 18.29

 enzymes of الي هي ال
the small intestine

على سطحها



 Contains H20, HC03
- and digestive enzymes. 

Pancreatic Juice

صل( على النبي


