
 

 

 

 

 

 

 

 

These notes do not substitute the need to watch the videos. They are just for students who:  

.. get annoyed by the too much time needed to watch dr. Najeeb lectures! 

.. spend 3 hours for a one hour lecture, just to take notes! 

.. want to focus on the lecture without pausing! 

 

**Enjoy the understanding of the lecture without doing the boring job of writing notes ** 

 

 

 

 

 

 

 

 

 

 

 

 



 
2 

Table of Contents 
Table of Contents ........................................................................................................................................... 2 

GI Motility 1 ..................................................................................................... Error! Bookmark not defined. 

Electrical activity in smooth muscle cell ................................................... Error! Bookmark not defined. 

Enteric Nervous System (ENS) ................................................................. Error! Bookmark not defined. 

Gastro-intestinal reflexes (three types): ..................................................... Error! Bookmark not defined. 

GI Motility 2 ..................................................................................................... Error! Bookmark not defined. 

Functional types of GIT movements .......................................................... Error! Bookmark not defined. 

Motility in different part of the GIT .......................................................... Error! Bookmark not defined. 

Clinical condition (Achalasia) ................................................................... Error! Bookmark not defined. 

Storage ....................................................................................................... Error! Bookmark not defined. 

GI Motility 3 ..................................................................................................... Error! Bookmark not defined. 

Mixing ........................................................................................................ Error! Bookmark not defined. 

Emptying .................................................................................................... Error! Bookmark not defined. 

Clinical Condition ...................................................................................... Error! Bookmark not defined. 

GI Motility 4 ..................................................................................................... Error! Bookmark not defined. 

Movement of the small intestine ................................................................ Error! Bookmark not defined. 

GI Motility 5 ..................................................................................................... Error! Bookmark not defined. 

Movement of the colon .............................................................................. Error! Bookmark not defined. 

Clinical Conditions .................................................................................... Error! Bookmark not defined. 

Pathophysiology of Jaundice 1 ........................................................................ Error! Bookmark not defined. 

Hyperbilirubinemia, Jaundice, Icterus and Cholestasis ............................. Error! Bookmark not defined. 

Normal physiology of hyperbilirubinemia ................................................. Error! Bookmark not defined. 

Clinical Condition ...................................................................................... Error! Bookmark not defined. 

Pathophysiology of Jaundice 2, 3, 4 ................................................................ Error! Bookmark not defined. 

Causes of unconjugated hyperbilirubinemia .............................................. Error! Bookmark not defined. 

Causes of conjugated hyperbilirubinemia .................................................. Error! Bookmark not defined. 

Diagnosis of Jaundice ................................................................................ Error! Bookmark not defined. 

GI Histology ...................................................................................................... Error! Bookmark not defined. 

Epithelium .................................................................................................. Error! Bookmark not defined. 

Lamina propria ........................................................................................... Error! Bookmark not defined. 

Muscularis Mucasae................................................................................... Error! Bookmark not defined. 

Submucosae ............................................................................................... Error! Bookmark not defined. 

file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485085
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485086
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485087
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485088
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485089
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485090
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485091
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485092
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485093
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485094
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485095
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485096
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485097
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485098
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485099
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485100
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485101
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485102
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485103
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485104
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485105
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485106
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485107
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485108
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485109
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485110
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485111
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485112
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485113
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485114
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485115


 
3 

Muscularis Externa .................................................................................... Error! Bookmark not defined. 

Serosa/adventitia ........................................................................................ Error! Bookmark not defined. 

Liver Histology ............................................................................................................................................... 3 

1. Classic lobules ......................................................................................................................................... 3 

2. Portal Lobules .......................................................................................................................................... 3 

3. Hepatic Acinus ......................................................................................................................................... 3 

Biliary system .............................................................................................................................................. 3 

Clinical Conditions ...................................................................................................................................... 3 

Histology of Pancreas ...................................................................................... Error! Bookmark not defined. 

Exocrine portion ........................................................................................ Error! Bookmark not defined. 

Endocrine portion....................................................................................... Error! Bookmark not defined. 

Digestive enzymes ..................................................................................... Error! Bookmark not defined. 

Clinical conditions (pancreatitis) ............................................................... Error! Bookmark not defined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485116
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485117
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485118
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485119
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485120
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485121
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485122
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485123
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485124
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485125
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485126
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485127
file:///C:/Users/Masoud/Desktop/GI%20&%20Hepatobiliary%20Physiology%203.docx%23_Toc442485128


 
4 

 

 

 Liver is the largest internal organ in the body. 

 Its weight approximately is 1.5 kg in and adult person. 

 It is 2.5% of the total body weight. 

 It has a strategic position that all the blood from GIT, pancreas and spleen is 

passing through it. So that all nutrients first go to the liver then to the general 

circulation. 

 

 Blood going to the liver: 

Blood from GIT, spleen, pancreas is recollected and drain into portal vein  this 

is relatively low in oxygen, so to manage this problem, there is celiac artery (a 

branch from aorta) that directly supplies the liver with the oxygenated blood. 
 

 Therefore, liver has double blood supply. 

 

 Functions: 

1. RBCs clearance mechanism by Kupffer cells. 

2. Detoxify toxins.  

3. Receive hormones from pancreas (e.g. insulin, glucagon, …)  so the liver 

knows how to handle the coming nutrients and metabolites.  

 

 Internal architecture of the liver: 

 

 

Liver Histology 
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 Hepatocytes: are special cells that make the parenchyma of the liver. They are 

arranged in special lobular structure (classic lobules). 

 Hepatic arteries will go to every corner of the classic lobules. 

 Every corner of hepatic lobules has artery branch, which brings fully oxygenated 

blood and the portal vein also supplies each corner.   

 At the center of each lobule, there is the central vein.   

 Sinusoids are capillaries, which extend from the corner to the center. 

 Both, the portal vein and hepatic artery are drain into sinusoids. 

 Sinusoids blood is mix of portal vein & hepatic artery.  

 Sinusoids are very leaky.   

 This is why the blood plasma go to the space of Disse and is exposed to 

hepatocytes, so hepatocytes can work in that plasma. For example: if toxin is 

coming so they will detoxify it or if glucose is coming so they will take it up to 

make glycogen. Moreover, when hepatocytes make proteins, they release them in 

this space.  

 

 

 Why the space of Disse is important?  

Because it acts as free space for exchange between sinusoids and hepatocytes. For 

example, hepatocytes synthesize albumin, secretes it into space of disse, and then 

go to sinusoids. 

 

 Blood inside sinusoids move towards the center (centripetal flow). As it moves, 

plasma freely exchange with the fluid in the space of Disse. However, some of the 

plasma does not flow back to the sinusoids; rather it moves outside the lobule as 

lymph. 

 Also, in between hepatocytes, bile (which is secreted from hepatocytes) is formed 

and move outward (centrifugal flow).  

 

 

• 70-80 % of blood going to 

the liver is by portal vein. 

 

• 20-30 % of blood going to 

the liver is by hepatic artery. 

Note 
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 In the past, scientists thought that there are only three system, this is why it was 

called (portal triad). However recently they discovered the lymphatic channel, so 

named (portal tetrad) or simply called (portal area). 

--------------------------------------------------------------------- 

 Central veins from sub-lobular veins join and form Hepatic vein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

------------------------------------------------------------------------------- 

 liver parenchyma and the arrangements of hepatocytes can be explained in 3 

ways: 

1. Classic lobules. 

2. Portal lobules. 

3. Hepatic Acinus. 

 There are 4 system present in the lobule: 

- 2 input  portal vein & hepatic artery. 

- 2 draining  lymphatic & bile. 
 

 In every corner, we have these 4 systems. 
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 Sinusoid: 

 Definition: wide diameter capillaries which are extending from outer part of the 

classical lobule to the inner central vein and they are lined with endothelial cells 

which are disconnected by big gabs. 

 

 Structure: 

o They are made of endothelial cells, which are not connected as they have 

fenestrations.  

o Even basal lamina is discontinuous. 

o Sinusoids contain kupffer cells, which are derived from circulating MØ.  

o Kupffer cells: filter toxins, bacteria or fragments of RBCs passing from 

portal blood to sinusoidal blood. 

 

 Hepatocytes: 

 Structure: 

o They are large cells of about 20 - 30 µm.  

o They are polyhedral cells.  

o Usually larger nucleus in the hepatocytes, but as the age increase the number 

of nucleus increase. 

o There are multiple microvilli to increase its surface in the face toward the 

space of Disse. 

o The cell membrane between two hepatocytes are separated from each other 

by bile canaliculi, which is like a groove.  

o Biliary drainage system starts as a groove between hepatocytes called bile 

canaliculi  so, bile drained from hepatocytes to bile canaliculi. 

o The membrane facing space of Disse has different transports and secretory 

system than the membrane facing biliary canaliculi. 

 

 How do they work?  

o Example #1  

- Bilirubin is product from breaking of RBCs, it enters the sinusoid  

transported into the space of Disse  then transporter will make the 

bilirubin to enter the hepatocyte  the bilirubin is conjugated with 

glucuronic acid  conjugated bilirubin actively secreted into bile 

canaliculi. 

(The bilirubin inside the hepatocytes cannot go back to space of disse, rather 

it go to biliary canaliculi because it has its transporter). 

 

 

 

1. Classic lobules 
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o Example #2 

- (RED arrows) Some drugs enter hepatocytes, modified there, then released 

into bile canaliculi  these drugs will be eliminated in feces.  

 

- (PURBLE arrows) Some drugs enter hepatocytes, modified there, then go 

back into blood  these drugs will be eliminated in the urine. 

 

 Hepatocytes contain large amount of mitochondria, lysosomes, peroxisomes and 

a lot of Rough and smooth endoplasmic reticulum.  

o Smooth endoplasmic reticulum produce lipid (ex: estrogen, testosterone, 

progesterone). 

o Rough endoplasmic reticulum produce plasma proteins.  

 

 Stellate cells (Ito cells): 

 Physiologically: act as fat and vitamin A (lipid soluble) storing cells. 

 Pathologically: when inflammatory mediators released due to inflammation, they 

stimulate these cells, so that they lose their fat and turn into very dangerous cells. 

Example for inflammation is in liver hepatitis. When ito cells stimulated by 

inflammatory mediators, they convert into myofibroblast, and then start secreting 

a lot of collagen  so fibrosis will develop in chronic stimulation, this will cause 

many capillaries to close and constricted and less blood flow, while some area will 

have over-blood flow and hyperplastic nodules will develop. 

 When liver become fibrotic and nodular, we call it cirrhosis.  

 

 Bile: 

 Composition: conjugated bilirubin + bile acids/salts + cholesterol + IgA + 

phospholipid/lecithin.   

 Bile acid like: cholic acid and chenodeoxycholic acid.  

 IgA: they are coming from plasma cells found in the space of Disse, then taken 

up by hepatocytes, then secreted to bile to protect the GIT. 

 Also, the metabolites of drugs go into bile, then eliminated by fecal matter. 

 

 

 This triangle is called portal lobule. 

 In this lobule, the portal system is in the center, while in the classic lobules, the 

central vein is in the center.  

 Bile is an exocrine secretion of the liver. 

 

Dealing w/ drugs called 

biotransformation. 

Note 

2. Portal Lobules 
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 The hepatocytes in the outer part (periphery) get well blood supply  so they are 

well oxygenated, while hepatocytes in the inner part (central) are poor 

oxygenated. 

 According to oxygen supply, we divide the structure of parenchyma into 3 zones: 

o Zone 1: well oxygenated.  

o Zone 2: moderately oxygenated. 

o Zone 3: poorly oxygenated. 

  

 This Diamond shape called Hepatic Acinus. 

o Long Axis: you move from zone 1 to zone 3.  

o Short Axis: you move in the septal of connective tissue between hepatic 

arteries. 

 

 What are the applications of the hepatic Acinus? 

1.  

 If there is ischemia to the liver  zone 3 will die first. Examples of 

ischemia: 

o Congestive heart failure. 

o Severe circulatory shock. 

 

3. Hepatic Acinus 

 When we talk about endocrine secretion, so we talk about classic lobule. 

 

 When we talk about exocrine secretion, so we talk about portal lobule. 
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 Hepatocytes of zone 3 are called peri-central hepatocytes. During ischemia, 

they will undergo full necrosis, or they become full with fat, because 

whatever you synthesize of lipids accumulate there. 

 

2. In chronic hepatitis, the inflammation of the liver, the WBCS and MØ will 

spill first in the parenchyma of zone 1, this is why it is the most zone affected 

during inflammation. 

 

3. Toxins also damage zone 1 first.  

 

4. When the liver detoxify toxins, it needs a lot of oxygen, so if damage happen, 

zone 3 will be the most damaged because it has minimum amount of MØ. 

 

 

 

 

 

 All parenchyma of the liver are covered by capsule of Glisson. 

 It is made of connective tissue and septa that go inside the liver and divide the 

liver into lobes and lobules. Also, it’s rich in nerve endings that cause right upper 

abdominal pain when liver diseases stretch or irritate the capsule. 

 

 

 Hepatitis A virus:  

 Acquired.  

 Infectious hepatitis.  

 Produce acute hepatitis, but does not produce chronic disease. 

 

 Hepatitis B virus:  

 Transferred by blood transfusion and body secretions. 

 Produces acute hepatitis or chronic, and if hepatitis become prolonged  it will 

produce cirrhosis and sometime hepatocellular carcinoma. 

 

 Hepatitis C virus:  

 Also transferred by blood transfusion and body secretions.  

 Mostly produces chronic hepatitis and these patients are most likely to develop 

liver cancer. 

Functionally, if we want to look to the liver parenchyma, so we use the 

concept of hepatic acinus. 

Biliary system 

 

 Functions of the liver: 

1. Exocrine function 

(Bile). 

2. Endocrine function 

(proteins, urea, 

deamination of amino 

acids). 

3. Metabolic function 

(Glucose  glycogen, 

…).  

4. Detoxification of toxins 

(drugs 

biotransformation). 

5. Supply IgA for GIT. 

Note 

Clinical Conditions 
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 Jaundice: 

 High bilirubin in the blood. WHY? 

1. Because excessive break down of RBCs produces a lot of bilirubin  so that 

the liver cannot handle it. 

2. Hepatocytes cannot take up bilirubin from the blood. 

3. Deficient of glucuronyltransferases that conjugate bilirubin.  

 

----------------------------------------------------Above reasons cause unconjugated bilirubin, while 

the bottom reasons cause conjugated bilirubin ---------------------------------------------------------- 

 

4. Hepatocytes cannot release bilirubin into biliary canaliculi. 

5. Impaired biliary drainage inside the liver  called intra- hepatic cholestasis. 

6. Blockage of other parts of biliary system outside the liver  called extra-

hepatic cholestasis or simply extra-hepatic bile flow obstruction. 
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