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Secretions of the Small Intestine
• The epithelial lining of the duodenum produces 

several digestive enzymes
• Enzymatic digestion is completed as peristalsis 

moves the chyme and digestive juices along the 
small intestine

• Most digestion occurs in the duodenum; the 
jejunum and ileum function mainly in absorption 
of nutrients and water
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Absorption in the Small Intestine

• The small intestine has a huge surface area, 
due to villi and microvilli that are exposed to 
the intestinal lumen

• The enormous microvillar surface creates a 
brush border that greatly increases the rate of 
nutrient absorption

• Transport across the epithelial cells can be 
passive or active depending on the nutrient
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Fructose moves by facilitated diffusion from lumen of S.I to 
epithelial cells. Then, exits the basal surface, absorbed into 
microscopic blood vessels or capillaries at core of each villus.

• AA's, small peptides, vitamins & most glucose are pumped 
against concentration gradient into epithelial cells of villus, 
this active transport allow much more absorption of nutrients 
than passive transport.
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• The hepatic portal vein carries nutrient-rich 
blood from the capillaries of the villi to the liver, 
then to the heart

• The liver regulates nutrient distribution, 
interconverts many organic molecules, and 
detoxifies many organic molecules
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Capillaries &veins carry nutrients-rich 
blood away from villi all converge into 
Hepatic portal vein(lead directly to liver).

From liver, blood travels to heart, then to other tissues 
& organs.
• This arrangement serves 2 main functions:
1.Allows liver to regulate distribution of  nutrients to 
rest of  body.
2. Liver can remove toxic sub. (drugs) Before blood 
circulates broadly.



Most nutrients leave intestine through bloodstream, but fats take different 
pathway.



• Epithelial cells absorb fatty acids and 
monoglycerides and recombine them into 
triglycerides

• These fats are coated with phospholipids, 
cholesterol, and proteins to form water-soluble 
chylomicrons

• Chylomicrons are transported into a lacteal, a 
lymphatic vessel in each villus

• Lymphatic vessels deliver chylomicron-containing 
lymph to large veins that return blood to the heart
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• In lumen,fat mol.exposed on fat droplets are 
hydrolysed by lipase to F.A's and monoglycerids.
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In addition to absorbing nutrients, the small intestine 
recovers water and ions. • Typically all but 0.1 L of the 
water is reabsorbed in the intestines, with most of the 
recovery occurring in the small intestine.

• - There is no mechanism for active transport of water. 
Instead, water is reabsorbed by osmosis when sodium 
and other ions are pumped out of the lumen of the 
intestine.



Absorption in the Large Intestine

• The colon of the large intestine is connected to 
the small intestine

• The cecum aids in the fermentation of plant 
material and connects where the small and large 
intestines meet

• The human cecum has an extension called the 
appendix, which plays a very minor role in 
immunity
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a finger shaped extension 
of  the human cecum, is 
thought to serve as a 
reservoir for symbiotic 
microorganisms 
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The alimentary canal 
ends with the large 
intestine, which 
includes the colon, 
cecum, and rectum. 
The small intestine 
connects to the large 
intestine at a T- 
shaped junction The 
appendix.



One arm of the T is the
1.5-m-long colon, which leads to the rectum and anus. The other arm is a 
pouch called the cecum.

The cecum is important for fermenting ingested material, especially in 
animals that eat large amounts of plant material.
Compared with many other mammals, humans have a small cecum.



• A major function of the colon is to recover water 
that has entered the alimentary canal

• The colon houses bacteria (e.g., Escherichia 
coli) which live on unabsorbed organic material; 
some produce vitamins

• Feces, including undigested material and 
bacteria, become more solid as they move 
through the colon
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• Feces are stored in the rectum until they can be 
eliminated through the anus

• Two sphincters between the rectum and anus 
control bowel movements
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Concept 41.4: Evolutionary adaptations of 
vertebrate digestive systems correlate with 
diet

• Digestive systems of vertebrates are variations 
on a common plan

• However, there are intriguing adaptations, often 
related to diet
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Dental Adaptations

• Dentition, an animal’s assortment of teeth, is one 
example of structural variation reflecting diet

• The success of mammals is due in part to their 
dentition, which is specialized for different diets

• Nonmammalian vertebrates have less 
specialized teeth, though exceptions exist

– For example, the teeth of poisonous snakes are 
modified as fangs for injecting venom
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Stomach and Intestinal Adaptations

• Many carnivores have large, expandable 
stomachs

• Herbivores and omnivores generally have longer 
alimentary canals than carnivores, reflecting the 
longer time needed to digest vegetation
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Mutualistic Adaptations

• Many herbivores have fermentation chambers, 
where mutualistic microorganisms digest 
cellulose

• The most elaborate adaptations for an 
herbivorous diet have evolved in the animals 
called ruminants
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Concept 41.5: Feedback circuits regulate 
digestion, energy storage, and appetite

• The intake of food and the use of nutrients 
varies with an animal’s diet and environment
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control لا ةيلمع نع 0لوؤسم نيزاهج دجويو امك
1)nervous system

2)endocrine system 



Regulation of Digestion

• Each step in the digestive system is activated as 
needed

• The enteric division of the nervous system helps 
to regulate the digestive process

• The endocrine system also regulates digestion 
through the release and transport of hormones
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 (as food reaches a new compartment)

• The arrival of  food triggers secretions that promote 
next stage in chemical digestion &muscular 
contractions along alimentary canal.

(nervous reflexes stimulate saliva 
release when food is in oral cavity)
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What are the hormones that are secreted and 
have a role in digestion ?







& secretion of  digestive enzymes, thereby slowing digestion.



Regulation of Energy Storage

• The body stores energy-rich molecules that are 
not needed right away for metabolism

• In humans, energy is stored first in the liver and 
muscle cells in the polymer glycogen

• Excess energy is stored in adipose tissue, the 
most space-efficient storage tissue
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When fewer calories are taken in than are 
expended(heavy exercise or lack of food),human body 
expend liver glycogen first then muscle glycogen & fat. 
Adipose tissue provides most of body store of energy.



Glucose Homeostasis

• Oxidation of glucose generates ATP to fuel 
cellular processes

• The hormones insulin and glucagon regulate the 
breakdown of glycogen into glucose

• The liver is the site for glucose homeostasis
– A carbohydrate-rich meal raises insulin levels, 

which triggers the synthesis of glycogen
– Low blood sugar causes glucagon to stimulate 

the breakdown of glycogen and release glucose
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in liver and muscles, also insulin triggers transport of  glucose to body cells.
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Diabetes Mellitus

• A number of  disorders can disrupt glucose homeostasis with 
potentially serious consequences, especially for the heart, blood 
vessels, eyes, and kidneys. The best known and most prevalent of  these 
disorders is diabetes mellitus.

• The disease diabetes mellitus is caused by a deficiency of  insulin or a 
decreased response to insulin in target tissues.

• The blood glucose level rises, but cells are unable to take up enough 
glucose to meet metabolic needs.

• Instead, fat becomes the main substrate for cellular respiration.

• There are two main types of  diabetes mellitus: type 1 and type 2. Each 
is marked by high blood glucose levels, but with very different causes.

1- Type 1 Diabetes Also called insulin-dependent diabetes,

• type 1 diabetes is an autoimmune disorder in which the immune 
system destroys the beta cells of  the pancreas.

Type 1 diabetes, which usually appears during childhood, destroys the 
person's ability to produce insulin. Treatment consists of  insulin 
injections, typically given several times daily. In the past, insulin was 
extracted from animal pancreases, but now human insulin can be 
obtained from genetically engineered bacteria, a relatively inexpensive 
source.

• Stem cell research may someday provide a cure for type 1 diabetes by 
generating replacement beta cells that restore insulin production by the 
pancreas.

2- Type 2 Diabetes Non-insulin-dependent diabetes
-type 2 diabetes, is characterized by a failure of  target cells to respond 
normally to insulin. Insulin is produced, but target cells fail to take up 
glucose from the blood, and blood glucose levels remain elevated. 
Although heredity can play a role in type 2 diabetes, excess body 
weight and lack of  exercise significantly increase the risk of  developing 
this disorder. This form of  diabetes generally appears after age 40, but 



• More than 90% of  people with diabetes have type 2.

• Many can control their blood glucose levels with 
regular exercise and a healthy diet; some require 
medications.

• Nevertheless, type 2 diabetes is the seventh most 
common cause of  death in USA and a growing public 
health problem worldwide. 

The resistance to insulin signaling in type 2 diabetes is 
sometimes due to a genetic defect in the insulin 
receptor or the insulin response pathway. 

In many cases, however, events in target cells suppress 
activity of  a otherwise functional response pathway. 

One source of  this suppression appears to be 
inflammatory signals generated by the innate immune 
system How obesity and inactivity relate to this 
suppression is being studied in both humans and 
laboratory animals.
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Regulation of Appetite and Consumption

• Overnourishment causes obesity, which results 
from excessive intake of food energy with the 
excess stored as fat

• Obesity contributes to diabetes (type 2), cancer 
of the colon and breasts, heart attacks, and 
strokes

• Researchers have discovered several of the 
mechanisms that help regulate body weight
These mechanisms control the storage and 
metabolism of  fat.
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• Hormones regulate long-term and short-term 
appetite by affecting a “satiety center” in the brain

• Studies on mice revealed that the hormone leptin
plays an important role in regulating obesity

• Leptin is produced by adipose tissue and can 
help to suppress appetite
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In addition to neuronal network functioning 
independently from CNS to regulate hormonal release 
and integrating digestive system.
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• The problem of maintaining weight partly stems 
from our evolutionary past, when fat hoarding 
was a means of survival

• Individuals who were more likely to eat fatty food 
and store energy as adipose tissue may have 
been more likely to survive famines
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