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Biology 102

Lecture 4
Minerals:
Use

Daily need
Examples:

Macrominerals
Building up of cells
and structural
components of
tissues
Above 100mg/day
Ca,P,K,Na,Cl

Microminerals
They have specific
functions

Under 100mg/day
Fe,I,Cu,Mn,Cr

Physiological needs of different minerals:
Ca
Macrominerals

Cl
Mg
P
K
Na

Component of
bones
Electrolyte balance
Component of
bones
Component of
bones
Electrolyte balance
Electrolyte balance
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Cr

Co
Cu

Microminerals

Component of
glucose tolerance
factor
Component of
vitamins b12
Enzyme cofactor

I

Component of
thyroid hormones

Mn

Enzyme cofactor

Mb

Enzyme cofactor

Se

Present in
glutathione
peroxidase
Enzyme cofactor

Zinc

Deficiency of minerals:
Iron
Cobalt
Zinc

Causes anemia
Leads to vi. B12 deficiency
and megaloblstic anemia
Skin ulcers, poor wound
healing, depressed immune
responses
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Copper
Chromium
Fluorine
Calcium

Iodine

Anemia, changes in
ossification
Insulin resistance
Increase the incidence of
dental caries
Rickets( )كساحin children,
osteoporosis( )هشاشة عظامin
adults
Enlargement of the thyroid
gland(goiter)
Excessive deficiency causes
cretinism()تقزم

Excess (large doses) of minerals:
Iron: causes Hemochromatosis (pigmentation -بقع- on the skin,
pancreatic damage with diabetes, gonadal atrophy- ضمور الغدد
التناسلية-)
Copper: excess causes brain damage

____________________________________________________

Chapter 1 questions:
Complete:
1. Energy nutrients include: carbohydrates and lipids
2. The principal circulatory sugar in blood is glucose
3. Hydrolysis of sucrose yields Glucose and Fructose
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4. Some polysaccharides are associated with the structures
of animal tissues; examples are: Chitin and Chondroitin
sulphates
5. Oils are the predominant glycerides in plants, and fats are
the predominant in animals
6. The main subdivisions of compound lipids are
phospholipids, Glycolipids and Lipoprotein
7. Animal fats are important sources of some vitamins, such
as vitamin A and Vitamin D
8. Phenylalanine and Tyrosine are examples of aromatic
amino acids, while Tryptophan is a heterocyclic amino acid
9. Examples for essential amino acids are Tryptophan and
Lysine
10.
Examples for scleroproteins are Keratins and Collagen
11.
Hypervitaminosis K is characterized by
gastrointestinal disturbances and anemia
12.
Ingestion of very large doses of pyridoxine can
produce peripheral neuropathy
13.
Examples for microminerals are Fe, I and Mn
14.
Inadequate dietary intake of Iodine results in an
enlargement of the thyroid gland
15.
Hemochromatosis is a syndrome results from large
dose of Iron
16.
Brain damage can result from excessive intake of
copper

True or false:
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1. A disaccharide molecule usually yields 2 similar
monosaccharides when hydrolyzed (F)
It can yield 2 of the same, or different, monosaccharides
2. Linoleic and linolenic acids ca be produced by the body like
non-essential amino acids (F)
They both are essential fatty acids that can’t be produced
by the body
3. The nutritive value of protein depends on its content of
essential amino acids (T)
4. Both essential and non-essential amino acids can be
synthesized by the body (F)
Essential amino acids can’t be synthesized, or not at a
sufficient rate.
5. Both collagen and elastin can be converted to easily
digestible, soluble gelatin by boiling in water (F)
Elastin can’t be converted to gelatin
6. Collagen is abundant in tendons, while elastin is abundant
in ligaments (T)
7. Vitamins like essential amino acids and fatty acids can not
be produced inside the body and must be supplied with
food (T)
8. Fat-soluble vitamins are A,D,E, and K (T)
9. Large doses of both fat-soluble and water-soluble vitamins
can be rapidly cleared from the body (F)
Fat-soluble vitamins can’t be rapidly cleared
10.
Minerals like non-essential amino acids can be
produced inside the body (F)
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Minerals can’t be produced inside the body

Choose:
1. Glycerides that accumulate in adipose tissues are termed
as: D (neutral fats, triglycerides, triacylglycerols)
2. Which of the following lipids have regulatory roles in the
body: A (steroids)
3. Which of these is an example of hydrolysis:
B (Dipeptide + H2O
amino acid + amino acid)

Give the appropriate term:
1. Is a polysaccharide found in the exoskeleton of arthropods
(Chitin)
2. Is a phospholipid, it contains choline (Lecithins)
3. Are glycolipids containing sialic acid and found mainly in
the grey matter of the nervous system (Gangliosides)
4. Known as cholecalciferol and is derived from
dehydrocholesterol found under the skin (Vitamin D3)
5. Are composed of N, C, H, and O, and sometimes other
elements (Proteins)
6. Upon hydrolysis yields amino acid plus prosthetic group
(Conjugated proteins)
7. Found in horns, hoofs, and feathers and are rich in Sulphur
amino acid, cysteine (Keratins)
8. A mineral, its deficiency increases the incidence of dental
caries (Fluorine)
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Chapter 2
The Digestive System

thoracic cavity

gastrointestinal tract (GIT)

accessory organs

oral cavity, pharynx,
esophagus, stomach, small
and large intestine

teeth, tongue, salivary
glands, liver, gall
bladder, pancreas

abdominal cavity

pelvic cavity

- The anus lies at the end of the pelvic cavity
- The term Viscera is used to indicate any organ in the thoracic
or the abdominal cavities.

Enzymes:
- Definition: Enzymes are protein in nature, they promote and
control the conversion of nutrients into simple substances, and
the metabolic reactions necessary for their utilization.
Nomenclature of enzymes:
- In the past, enzymes were named by adding the suffix “ase” or
“lytic” to the name of the substrate. E.g. for starch (amylon)
hydrolyzing enzyme: “amylase” or “amylolytic”, for proteins:
“proteinases” or “proteolytic” and for fats(lipids): “lipases” or
“lipolytic”
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- the source of the enzyme might be indicated: salivary
amylase, pancreatic lipase.
-enzymes are also categorized into groups based on the type of
chemical reaction catalyzed.
Chemical nature of enzymes:
- Simple proteins such as: “pepsin”, “trypsin”, “urease”.
- Contain metallic ion: “carbonic anhydrase” containing Zn,
“Catalase” and “peroxidase” containing Fe.
- Conjugated proteins: containing a prosthetic group that’s
responsible for the transformation.
Holoenzyme:
whole catalytic
unit
apoenzyme:

coenzyme:

the protein part

non-protein part

Note: neither one of the 2 components can function on its own
Classification of enzymes:
according to the chemical reaction they’re divided into 6-types
1- Oxidoreductases: for oxidation-reduction reaction
2- Transferases: involving the transfer of a group
3- Hydrolases: involving hydrolytic reactions
4- Lyases: enzymes that catalyze removal of groups without
hydrolysis
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5- Isomerases: enzymes that catalyze interconversion of
isomers
6- Ligases or Synthetases: catalyzing the linking together of 2
molecules
Enzyme specificity:
- Enzymes require specific substrates; the substrate is attached
to active sites on the tertiary structure of the protein.
- certain amino acids come into close contact to establish the
active sites
- The shape of the active site and its ability to function are
genetically determined properties
Factors influencing enzyme activity:
1- Enzyme concentration: increasing the concentration of the
enzyme increases the reaction speed
2- substrate concentration: its increase increases the reaction
speed up until a saturation point where further increase
doesn’t make a difference to the speed
3- Temperature: the reaction rate increases as Temp. rise up
until an optimal temperature point where it starts to decline
with further increase
4- H+ concentration(pH): enzymatic reaction function within a
limited range of pH
Coenzyme:
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- Definition: It’s a low molecular weight, non-protein organic
molecule which is necessary for enzyme activity.
- the type of reactions that require the participation of
coenzymes are (1) oxidoreductases, (2) transferases, (5)
isomerases, and (6) ligases.
- vitamin B series are precursors for coenzymes
Inhibition of enzyme activity:
1- Complete destruction of the enzyme: e.g. trichloroacetic
acid, which precipitates proteins hence destroying the enzyme
2- selective inhibition: e.g. in respiratory enzymes, cyanide
block the metal portion of the coenzyme forming a cyanide
complex
3- blocking of the active site: molecules bond with the active
site leaving the substrate free

Digestive enzymes:
a) carbohydrases (Glucosidases): they split the glucoside
linkage, hydrolyzing carbohydrates. E.g. amylase.
b) proteinases (Peptidases): they act on the peptide bond,
hydrolyzing proteins. E.g pepsin and trypsin.
c) Lipases (lipolytic enzymes): they act on the ester linkage,
hydrolyzing lipids into fatty acids, alcohol. E.g. pancreatic lipase
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Gastric juice…
It is a clear, Pale yellowish watery solution containing mucus,
HCI, pepsin, rennin gastric lipase, lipase, and intrinsic factor .
HCI
1 - The secretion of HCI by parietal cells.
2 - gastric juice very acidic with a pH less than 2.

* the strong acidity serves the following functions :
1 – Denaturing of the ingested proteins, leading to unfolding of the
polypeptide chain, so that they become more digestible by the
proteolytic enzymes.
2 - Destroy of bacteria ingested with food thus preventing
putrefaction in the stomach .
3 – Conversion of the inactive pepsinogen into active pepsin.
4 – Regulation of stomach evacuation(  ) ﺗﻔﺮﯾ ﻎBT STIMULATING
THE PYLORIC SPHINCTER(  )اﻟﻘﻨﺎة اﻟﻤﻌﺪﯾﺔ اﻟﺒﺎﺑﯿﺔTO RELAX .

PRODUction of HCI :
The parietal (oxyntic) cells are the source of gastric HCI, which
originates according to the reactions shown below :
Plasma
stomach
CO2
H2 O

parietal cell

lumen of

CO
+ Carbonic H2 CO
H2 O anhydrase
HCO3

H+

NaHCO3
Na+
NaCL
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HCI
CL

Pepsin :
1 - It is first prodced in the chief cells in an inactive zymogen
called pepsinogen.
2 - it is converted into the active pepsin in the presence of HCI.
3 - Pepsin digests proteins into shorter polypeptides (proteoses
and peptones) It works in works in an acidic medium of pH
between 1-2. ( )ﺑﯿﻜﺴﺮ اﻟﺒﺮوﺗﯿﻦ إﻟﻲ ﺳﻠﺴﻠﺔ ﻋﺪﯾﺪ ﺑﺒﺘﯿﺪ ﺻﻐﯿﺮة ﻓﻲ وﺳﻂ ﺣﺎﻣﻀﻲ
HCI
Pepsinogen

pepsin
Pepsin

Ingested protein

proteoses & peptones
pH 1-2

Rennin ( chymosin, Rennet)
1 - It present in, infants and babies
2 – It absent from the stomach of adults.
* It prevents the rapid passage of milk from the stmach.
Rennin
* casin
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para – casein

Gastric lipase :
1 - It is the main preduodenal lipase.
Gastric lipase

2 – Iniates lipid digestion : trigycerols +water
acids (1,2 – diacylglycerols)

free fatty

3 - The anzyme is destroyed at low pH but is active after feeding
because of the buffering.
* The pH optimum is broad, from 3.0 – 6.0,
Intrinsic factor :
1 - It is a glycoprotein secreted by the parietal cells into the iumen
of the stmach.
2 - It is essential for absorption of vitamin B12 which is absorbed
theough the walls of the small intestine and stored in the liver.
3 - vitamin B12 used by red bone marrow for the normal
development of erthrocytes, and development of RBC

Peptic ulcers :
Ulcers of the stmach and duobenum are known as peptic ulcers.
How are ulcers produced?
Normally a thick layer of mucus forms a barrier that protects the
wall of the stomach and the first part of the duodenum. If this
barrier is broken, the acid can produce holes in the wall of the
stomach or the duodenum.
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Digestion in the small intestine :
* The small intesting is that portion of the GIT between the pyloic
sphincter of the stomach and the ileocecal valve opening into the
large intestine.
Digestion in the intestine is achieved by the aid of the following :
a. Bile from the liver via the common bile duct.
b. Digestive anzymes from the exocrine part of pancreas.
c. Intestinal enzymes secreted by the intestinal glands.
The previous secretions are controlled by nervous as well as
hormonal factors the presence of chime in the duodenum
stimulates the release of the following hormones :
1 – Enterogastrone which circulates with blob on reaching the
stomach, it inhibits the secretion of the gastric glands.
2 – Pancreozymin which stmulates the pancreas to secrete the
pancreatic anzymes.
3 – Secretin (a peptide hormone ) that promotes the secretion of
bile and the alkaline juice of the pancreas.
4 – Cholecystokinin (CCK) stimulaes contraction of the gall
bladder, thus propelling bile into the common bile duct.
Bile :
1 - Bile is an alkaline fluid secreted by the liver cells.
2 - It passed to the bile canalicules to the gall bladder.
3 - it is stored the liver produces and secretes 250-1,500 ml of bile
per day .
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Composition of bile :
The major constituents of bile include bile salts, bile pigment
(bilirubin), phospholipids (mainly lecithin ), cholesterol, and
inorganic ions, table (6) look at page 58

Bile pigments:
bilirubin (red) and biliverdin (green) are products of breackdown
of the blood hemoglobin. They give bile its golden yellow colour.
Jaundice :
1 - is a yellow colouration of the tissue (skin and eyes) produced
by high blood concentration of bilirubin.
2 - In newborn babies, jaundice is usally caused by an excessive
high rate of RBC destruction (hemolytic J.) Excessive damage of
RBCs results in production of excess amount of bilirubin.
3 - In adults, jaundice results when bile excretion is blocked by,
for example, gallstones.

Physiological J
may be caused by inadequate amounts of hepatic enzymes that are
needed to conjugate bilirubin and thus excrete it in the bile.
New-born infants with J. are usually treated by photo therapy,
By blue light in the 400-500 nm wavelength range.
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Functions of bile :
1 – Emulsification of lipids, since the bile are powerful in reducing
the surface tension of fluids, they emulsify fats in the intestine
facilitating their digestion and absorption.
2 – Bile salts also help in absorption of fat-soluble vitamins
(A,D,E and K).
3 – Bile has a neutralizing action on the acidic chime that comes
from the stomach. It has a pH slightly above 7.
4 – Bile is very important in excretion of bile acids and
cholesterol, it also removes many drugs, toxins, bile pigments, and
various inorganic substances such as mercury, copper and zinc.

Pancreatic Juice (P.J.)
1 - The pancreas is a soft, lobulated, glandular organ that has both
exocrine and endocrine functions.
2 - pancreas secretes pancreatic juice through the pancreatic
ducts into the duodenum.
3 - Secretion of P.J. is controlled in part by a reflex mechanism
and in bart by the gastrointestinal hormones secretin and CCK.
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Composition of P.J.
The P.J. is watery alkaline fluid of pH approximately 8.0 About
1500 ml of p.J. is secrted per day. It contains water, bicarbonate
and the following enzymes :
1 – Pancreatic amylase, completes the digestion of carbohydrates
which stared in the buccal cavity. It is similar in action to salivary
amylase.

p.amylase
Starch (glycogen)

maltose
pH 7.1

2 – Trypsin and chymotrypsin (the powerful protein – splitting
enzymes) : the two enzymes are secreted as inactive proenzymes.
Trypsinogen is converted to the active enzyme trypsin by the
enzyme enteropeptidase (enterokinase) from the buodenum. The
secretion of enteropeptidase is increased by CCK.
Trypsin converts chymotrpsinogens into chymotrypsins and other
proenzymes into active enzymes, fig. (11).
Trypsin or chymorypsin
Proteins

Peptides
pH 8.0

(partially digested or not affected by pepsin)
Trypsin is specific for peptide bonds of basic amino acids, and
chymotrypsin is specific for peptide bonds containing uncharged
amino acid residues such as aromatic amino acids.
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Proenzyme

Enzyme
Enteropeptidase

Trypsinogen

Trypsin

Chymotrypsinogens

Chymotrypsins
Trypsin

Proelastase

Elastase
Trypsin

Procarboxypeptidases

carboxypeptidases
Trypsin

Figure 11 : Activation of the pancreatic proteases in the duodenal
lumen.
3 – Elastase, attacks bonds next to small amino acid residues such
as glycine, alanine, and serine.
4 – Carboxypeptidase : It is also a protein-splitting enzyme. It
attacks the carboxyl terminal peptide bond, liberating single
amino acids. It transforms peptides into dipeptides.
Carboxypeptidase
Peptides

dipeptides and amino acids
pH 8.0

5 – Pancreatic lipase (fat-splitting)
It hydrolyses the ester linkge between glycerol and fatty acids in
the presence of bile salts and pH about 7.0.
p. lipase
Fats

f. acids + di-, and monoglycerides + glycerol
Bile salts, pH7.0

6 – Ribonuclease (RNase) and Deoxyribonuclease (DNase):
They split the RNA and DNA of the food to nucleotides.
Helper team

Intestinal Juice (I.J.)
1 - The mucosa of the small intestine is folded into villi which
project into the lumen.
2 - Each villus is a fingerlike projection, 0.5-1 mm long, covered
by a single layer of columnar epithelial cells among them are the
mucous-secreting goblet cell .
Intestinal Enzymes :
1 - The cell membrane of the microvilli, providing a large surface
area for absorption.
2 - These enzymes are not secreted into the lumen, but instead
remain attached the cell membrane with their active exposed to
the chime.
* bruch border look at page 66
Large Intestine :
1 - The first part of the large intestine is called the caecum, from
which projects a blind-ended sac.
2 - the colon, is divided into ascending, transversem descending
and sigmoid colon .
3 - the rectum, is a holding chamber for faeces prior to defecatyin
via the anal canal and anus .
* In humans, the large intestine does not perform digestive
function, but their two main functions are :
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1 – Absorption of water and electrolytes from the liquid residue it
receives from the small intestine this mainly occurs in the first
half of the colon.
2 – Storage of Faeces until it can be passed out through the anal
opening. This mainly occurs in the distal half of the colon.

Helper team
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Biology 102
Chapter 2
Complete:
1. among the accessory digestive organs are teeth, tongue,
liver and pancreas
2. the specific arrangement of amino acids in the tertiary
structure of the polypeptide chain form the active sites of
the enzyme
3. enzymes that hydrolyze proteins are called peptidases or
proteinases
4. among the reactions that require the participation of
coenzymes are ligases, isomerases, and oxidoreductases
5. inhibition of enzyme activity could be done by: complete
destruction of enzyme, selective inhibition, blocking of
active site
6. lipolytic enzymes hydrolyze fats into fatty acids, glycerols
e.g pancreatic lipase
7. the palate refers to the roof of the buccal cavity
8. the three types of tongue papillae are circumvallate,
fungiform, fusiform
9. the major pairs of salivary glands are parotid,
submandibular, sublingual
10.
waves of muscular contraction along the alimentary
canal are known as peristaltic contractions
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11.
the intrinsic factor is produced by parietal cells in the
stomach, and it’s essential for absorbtion of vitamin B12 in
the intestine
12.
pepsinogen HCl
pepsin
13.
In the presence of calcium, rennin changes casein
(milkprotein) to para-casein
14.
Substances which cause gastric irritation include:
ethanol, vinegar, and bile salts
15.
Bile is secreted by the liver and stored and
concentrated in gall bladder
16.
In newborn babies, jaundice is usually caused by
excessive destruction of RBCs
17.
Enterokinase is required for activation Trypsin which
enters the intestine in pancreatic juice
True or False:
1. Biting, grinding, and chewing of food is a type of
mechanical digestion (T)
2. The action of bile juice on fats in the small intestine is a
type of mechanical digestion (T)
3. All proteins are enzymes (F)
All enzymes are proteins.
4. The rate of all enzyme-catalyzed reactions is decreased
when the PH value is lowered from 7 to 2 (F)
Different enzymes have different ranges where they occur
5. Salivary glands send their juices directly to the buccal
cavity (F)
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By way of ducts
6. Digestion of carbohydrates begins in the buccal cavity by
the action of amylase (T)
7. The parietal cells of the gastric glands secrete HCl, and the
chief cells secrete pepsinogen (T)
8. Gastrin hormone is produced by pancreas to inhibit the
gastric gland (F)
G-cells (endocrine cells) of the stomach
9. The gallbladder serves to produce and concentrate the bile
(F)
store
10.
Protein digestion begins in the stomach by the action
of HCl (F)
pepsin
Choose:
1. churning of food in the stomach is a type of a- mechanical
digestion
2. the precursor of coenzymes are commonly b-vitamin B
series
3. which of the following statements about enzymes is true?
b- all enzymes are proteins
4. the enzyme lysozyme has lysing effect on b- bacteria
5. the buffering action of saliva is due to its content of dbicarbonates, phosphates
6. during swallowing the opening of tranchea is covered by bepiglottis
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7. the absorptive and major secretory layer of the GIT is bmucosa
8. the part of the stomach that permits its distention after
eating is b- rugae
9. gastric HCl is produced by a- parietal cells
10.
gastric lipase like rennin is important in the digestion
process in the stomach of a- youngs
11.
enterogastrone a- inhibits the secretion of the gastric
juice
12.
cholecystokinin b- stimulates the gall bladder
13.
bile in man is an important enzyme that c- emulsifies
fats
14.
the following enzymes are found in the pancreatic
juice except c-pepsin and maltase
15.
chemotrypsin is a powerful b- protein-splitting
enzyme
16.
which association is incorrect
c- maltose-pepsin
17.
most digestion occurs in the
c- small intestine
18.
which of these combinations is most likely to result in
complete digestion?
a- fats, bile, sodium bicarbonate, lipase
Give the appropriate term:
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1. The chemical changes which take place on the ingested
food by the action of hydrolytic enzymes (chemical
digestion)
2. Organic catalysts with protein nature, responsible for
chemical changes occurring in the body, and are highly
specific in their action (enzymes)
3. The part of the enzyme that is produced in living cells
under genetic control and determines its specificity
(apoenzyme)
4. The anterior part of the roof of the mouth (hard palate)
5. Contains lysozyme enzyme, amylase, mucin and buffering
agents (saliva)
6. A hormone secreted by the stomach that stimulates the
gastric secretion of HCl and pepsin (gastrin)
7. The mass of partially digested food that pass from the
pylorus of the stomach into the duodenum (chyme)
8. Yellow coloration of the skin and eyes due to high level of
bilirubin in blood (jaundice)
9. A modification of the mucosa at the junction of the small
and large intestine that forms a one-way passage and
prevents the backflow of food materials (ileocecal valve)

Chapter 3
Absorption is the passage of digested food,water,salts, and vitamins
through the intestinal mucosa into the blood or lymph.
- NO absorption takes place in the buccal cavity
- Water, glucose, alcohol & certain drugs (aspirin) are absorbed
through the wall of the stomach
- All digested products are absorbed through the wall of the small
intestine
- Water & electrolytes are absorbed in the large intestine

Absorption of Carbohydrates :Occurs through simple diffusion or active transport
- Glucose can’t pass freely through the intestinal membrane because
of:
a) It’s large size
b) lipid nature of the membrane
So it’s actively transported by a carrier protein in the presence of
Na+
Mechanism:
• Glucose & Na+ bind to separate sites on the carrier and are
transported into the intestinal cell, then released into the
cytoplasm.
• Na+ is then transported out of the cell while glucose diffuses into
the capillaries
The energy needed in brought by hydrolysis of ATP
-

Absorption of Proteins :Just like carbs, proteins in the form of amino acids are absorbed by a
carrier protein BUT different carriers are used for different amino
acids.
Amino acids absorbed into intestine -> pass to blood capillaries ->
carried to the hepatic portal vein

Absorption of Lipids :Lipids in the form of free fatty acids and monoglycerides enter a
particle called micelles and are then absorbed.
Micelles (3-10nm in diameter) is a cylindrical gathering of lipids and
bile salts, outer cylinder -> polar hydrophilic -> made of bile salts
inner cylinder -> non polar hydrophobic -> made of fatty acids +
monoglycerides + cholesterol .

Mechanism:
- Micelles transport fatty substances to the microvilli membrane of
epithelial cells
- Upon contact, fatty acids + monoglycerides + cholesterol leave the
micelles by simple (passive) diffusion entering the mucosal cells.
- In the epithelial cells long chains of fatty acid + monoglycerides
make triglycerides when is packaged with phospholipids and
cholesterol in a globule coated with protein called chylomicron.
- Chylomicron enter the lymphatic vessel (lacteal) which transports
chylomicron to the thoracic duct where it’s emptied into the venous
blood
Short chain of fatty acids passes directly from the mucosal cells into
the portal blood.
After eating a high fat meal, the number of chylomicrons increases in
the blood giving the plasma a turbid milky appearance.

Absorption of Vitamins, Minerals & H2O :Vitamins:
- Water Soluble (ex. Vitamin B) -> Absorbed by simple diffusion
- Fat Soluble (ADEK) -> Absorbed by bile salts
Minerals & H2O -> Absorbed by active transport

Chapter 4
After absorption food is carried by the hepatic portal vein to the liver
before going to the blood.
As a rule blood enter the liver is more rich in glucose, amino acids,
and fats than blood leaving the liver.
Metabolism: chemical changes which take place in the absorbed
food inside the body cells.
These changes need to be catalyzed by a sequence of enzymes
This sequence makes the metabolic pathway in which the end
product of a reaction is the substrate for the next one
We have 3 types of metabolic pathways:
1) Catabolic (exergonic) Pathway
- Releases energy in the form of high energy phosphate or reducing
equivalents
- Ex. Respiratory chain & oxidative phosphorylation
2) Anabolic (endergonic) Pathway
- Absorbed molecules are used to build compounds needed by the
organism
- Requires energy which is supplied from catabolic pathway
3) Amphibolic Pathway
- Acts as a link between the catabolic and anabolic pathway

Carbohydrates Metabolism :- Carbs are absorbed in the form of monosaccharides, glucose,
fructose & galactose.
- Fructose and galactose are converted to glucose in the liver, so the
principal circulating sugar in the blood is glucose
Normal fasting glucose level = 70-110 mg per 100ml of blood
Metabolism:
Step 1) Glucose is phosphorylated to form glucose-6-phosphate using
the enzyme hexokinase
Step 2) Glucose is either polymerized into glycogen or catabolized
Glycogen Formation -> Glycogenesis
Glycogen breakdown -> Glycogenolysis
(In liver forms glucose, In muscles forms pyruvate &
Lactate)
Glucose breakdown to pyruvate & lactate -> Glycolysis
Glucose catabolism by cleavage -> trioses

Glucose catabolism by oxidation and decarboxylation -> pentoses
- Glycogen (stored form of glucose) major supplies are the liver and
skeletal muscles
When we don’t eat carbs, our body converts non-carb substances
(protein, fats, ….) into glucose in a process called gluconeogenesis.
- Amino acids are converted by deamination
- Glycerol are converted to dihroxyacetone phosphate
Major site of gluconeogenesis is the liver then kidney cortex then brain

Formation of Acetyl-CoA :The end product of glycolysis – pyruvate – is broken down to acetyl
group which combines with coenzyme A to form acetyl-CoA and
releasing CO2

Citric Acid Cycle :Also called:
a) Tricarboxylic acid cycle
b) Krebs cycles, referring to Sir Hans Krebs who determined it
It is named Citric acid cycle because the first metabolite is citrate.
Citric Acid Cycle is a series of enzymatically catalyzed reactions that
breakdown metabolic fuels (carbs, free fatty acids, ketone bodies &
amino acids) to the substrate acetyl-coA.
It occurs in the mitochondrial matrix
Mechanism:
- Acetyl-CoA (2C) is added to oxaloacetate (4C) to form citrate (6C)
- CoA portion is then released in order to be reused
Very Imp, Citric acid cycle
- Requires O2
- Functions aerobically
- Doesn’t function anaerobically
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Biology 102
Chapter 3&4 pretest
Complete:
1. The hydrophobic centers of the micelles generally contain
fatty acids, monoglycerides and cholesterol
2. After absorbtion of fructose and galactose, they are
converted to glucose in the liver
3. The end product of polymerization of glucose-6phosphatase is glycogen
4. The breakdown of glycogen to produce glucose is called
glycogenolysis
5. The breakdown of glucose to form pyruvate is called
glycolysis
6. Phosphorylation of glycerol yields a triose phosphate that
follows the normal route for carbohydrate metabolism
7. Lipogenesis occurs mainly in adipose tissue and in the liver
when the level of glucose in blood is elevated
8. During lipogenesis, the glycolytic intermediate, (PGAL) can
be converted to glycerol, which binds with 3 molecules of
fatty acid to form a triglyceride molecule
9. Fatty acids are converted to molecules of acetyl co-A by
the process of 𝛽-oxidation
10.
Synthesis of ketone bodies occurs in liver
mitochondria by condensation of acetyl co-A to form 4
carbon acetoacetate
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11.
When the extrahepatic tissues fail to utilize the
excess amounts of ketone bodies, this results in a
condition known as ketosis
12.
Transamination reaction means conversion of one
keto acid to the corresponding amino acid
13.
Transamination reactions occur in many tissues, e.g
liver, heart, and kidney
14.
Ammonia molecules are highly toxic and are
converted into urea in the liver which is then excreted by
kidney
15.
Amino acids that can be converted to ketone bodies
are known as ketogenic amino acids
True or False:
1. Amino acids need common carrier molecules for their
transport (F)
different
2. Certain substances like alcohol and asprin can be absorbed
through the wall of the stomach (T)
3. Glycolysis to pyruvate takes place in the matrix of
mitochondria (F)
Kreb’s cycle/ 𝛽-oxidation
4. Both citric acid cycle and 𝛽-oxidation of fatty acids occur
within the matrix of mitochondria (T)
5. Lipogenesis occurs when the level of blood glucose is
reduced (F)
increased
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6. Both lipolysis and 𝛽-oxidation of fatty acids are types of
catabolism (T)
7. Synthesis of ketone bodies occurs in liver mitochondria
and metabolized by the heart, skeletal muscle and kidney
(T)
8. In untreated diabetes, CO2 is formed from the circulating
acetoacetate and is lost in the expired air and appears in
the patient’s breath (F)
Acetone
9. In catabolism of proteins, the average yield of energy is
comparable to that of fats (F)
carbohydrates
10.
Deaminases aid in the addition of NH2 group to a
keto acid producing a new amino acid and a molecule of
ammonia (F)
the removal of NH2 group from an amino acid producing a
new keto acid
11.
Urea formation occurs in the kidney and excreted in
the urine (F)
liver
12.
In severe hepatic disease, both of the blood urea
nitrogen level and the blood NH3 level fall (F)
rise
Choose:
1. Glucose transport through the plasma membrane of the
intestinal cell uses (b- a common carrier protein)
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2. Most of the absorption of the products of digestion takes
place in humans across the (c- fingerlike villi of the small
intestine)
3. The large intestine in humans (c- absorbs water and
electrolytes)
4. Which of the following statements about chylomicrons is
false? (c- necessary for absorption of monosaccharides)
5. The normal fasting level of glucose in peripheral blood is
(a- 70-110mg/100ml of blood)
6. Which of these is not a function of the liver? (d- make red
blood cells)
7. Which of the following represents an endergonic reaction?
(d- ADP+Pi
ATP / CO2+H2O
glucose)
8. Which of the following is a character of 𝛽-oxidation? (c- it
occurs in the mitocholdrial matrix)
9. The substrate of the citric acid cycle is (b- acetyl co-A)
10.
The citric acid cycle does not function in (b- absence
of CO2)
11.
The sequence of reactions responsible for the
breakdown of fatty acid molecules is called (a- 𝛽oxidation)
12.
Considerable production of ketone bodies occurs in
care of (e- high rate of fatty acid oxidation and limited
carbohydrate intake)
13.
Catabolic processes of proteins occur in case of (binsufficient energy sources)
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14.
Amination is essential in the synthesis of (b- nonessential amino acids)
15.
Which of these processes can produce both new
amino acids and new keto acids? (d- both amination and
transamination)
16.
Patients suffering from severe hepaticdisease should
have (b-low protein) diets to reduce the development of
ammomia
Scientific term:
1. All the chemical changes which take place in the absorbed
food inside the body (metabolism)
2. Using the absorbed molecules in building up organic
compounds e.g. protein, glycogen and fat (anabolism)
3. Chemical reactions in a call through which complex
molecules are converted into smaller ones, with release of
energy (catabolism)
4. A chemical reaction that requires the input of energy from
an external source in order to proceed (endergonic
reactions)
5. Chemical reaction that liberates energy (exergonic
reactions)
6. Fat globules coated with a layer of protein, the globules
are composed of triglycerides, phospholipids, and
cholesterol (Chylomicrons)
7. A series of enzymatically catalyzed reactions occur in the
mitochondrial matrix, through which the final oxidation of
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cell metabolic fuels that are catabolized to the subtstrate
acetyl-CoA takes place with formation of ATP (Kreb’s cycle)
8. The formation of glucose from non-carbohydrate
molecules such as amino acids, glycerol and lactate
(gluconeogenesis)
9. Presence of large amounts of ketone bodies in the blood
(ketonemia)
10.
Produced in the liver through conversion of the
amino acid ornithine and excreted by the kidney (urea)
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Biol102
the
circulatory
system
cardiovascular
system (heart +
blood vessels)

lymphatic
system

The Heart
The heart is a four-chambered, double pump.
Its pumping action creates the pressure needed to push blood
through the vessels and into the lungs and body cells.
For an adult at rest, the heart pumps about five liters of blood per
minute. It takes about one minute for blood to be circulated to
the most distant cells and back to the heart.
External Heart Anatomy
The heart is a cone-shaped muscular organ, about the size of the
fist.
it is located between the lungs directly behind the sternum.
The lower border of the heart, forming a blunt point known as
the apex which is slightly directed to the left.
It is embedded in a cavity known as the pericardial cavity which is
surrounded by a membranous pericardial sac. This sac contains a
fluid know as pericardial fluid which lubricates the heart.
Attached to the right atrium are the venae cava (superior and
inferior). The pulmonary trunk originates from the right ventricle
and divides into right and left pulmonary arteries. Attached to the
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left atrium are the pulmonary veins. The aorta arises from the left
ventricle and curves to the left side.
Cardiac veins: arise from the walls of the heart as numerous small
veins. They open into the right atrium. Few veins may also enter the
ventricle.
Coronary arteries: are small arteries arising at the base of the aorta.
They lie on the exterior surface of the heart, where they branch
into arterioles and then capillaries. The capillary beds enter
venules, which join to form the cardiac veins, and these empty
into the right atrium.
The coronary arteries have a very small diameter and may
become blocked, causing a heart attack.
The coronary arteries are the first blood vessels to branch off the
aorta, they bring oxygen and nutrients to cardiac cells.

Internal Heart Anatomy
The right and left sides of the heart are separated by a muscular
septum, each side is divided into an upper chamber called atrium and a
lower chamber called ventricle by a sheet of connective tissue located
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between them. Embedded within this sheet of tissue are ventricular
(AV) valves.
The AV valve located between the right atrium and the right
ventricle has 3 flaps, and is therefore called the tricuspid valve.
The AV valve between the left atrium and the left ventricle has 2
flaps and is thus called the bicuspid Valve. It’s also known as the
mitral valve.
The valves allow the flow of blood in one direction only, from the
atria to the ventricles, and prevent the backflow of blood into the
atria.
Opening and closing of the AV valves occur as a result of changes
in the pressure of blood within the atria and ventricles.
The pressure in the ventricles is higher than that in the atria and
the valves close to prevent backflow
The ventricles are larger and their walls are thicker than the atria.
Also, the muscular wall of the left ventricle is thicker than that of
the right ventricle, because the left ventricle, pumps blood to the
entire body, whereas the right ventricle sends blood only to the
lungs.
Within the walls of the ventricle papillary muscles are found;
These papillae are connected to the AV valve flaps by slender
fibers or cords known as chordae tendinae.
Contraction of the papillary muscles occurs at the same time as
contraction of the muscular walls of the ventricles and serves to
keep the valve flaps tightly closed.
Other types of valves are found in the heart. These are called
semilunar valves.
They are two in number, one is located inside the base of the
pulmonary trunk, and the other is at the base of the aorta.
These valves are half-moon shaped flaps. They open during
contraction, allowing blood to enter the pulmonary and systemic
circulations.
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During ventricular relaxation, the semilunar valves become filled
with blood preventing the backflow of blood into the ventricles.

Blood Circulation inside the heart:
The venae cavae bring deoxygenated blood from the body to the
right side of the heart, and the pulmonary arteries (the only
arteries that carry deoxygenated blood) take this blood to the
lungs.
The pulmonary veins (the only veins that carry oxygenated
blood) bring oxygenated blood from the lungs to the left side of
the heart, and the aorta takes this blood to the body.
The coronary arteries supply the walls of the heart itself with
oxygenated blood, and the cardiac veins collect the
deoxygenated blood from the walls of the heart and empty it into
the right atrium.
The Cardiac Cycle
The heart beats about 75 times per minute. Each cardiac cycle
(heartbeat) consists of: atrial systole(contraction), ventricular systole,
and complete cardiac diastole(relaxation):
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the atria contract (while the ventricles relax), this period is known
as atrial systole which lasts 0.1 of a second.
next, the ventricles contract (while the atria relax), this is called
ventricular systole, that lasts 0.3 of a second.
After contraction of the ventricles the heart (all chambers) rests
for, 0.4 of a second, and this period is called cardiac diastole after
which the cycle restarts.

The Heart Sounds (Lub-dub):
Closing of the AV and semilunar valves produces sounds that can be
heard at the surface of the chest with a stethoscope.
These sounds are often described phonetically as lub-dub.
The "lub" or first sound, is produced by the closing of the AV.
valves during. isovolumetric contraction of the ventricles, which
is the period during which the heart begins to contract, and
pressure within the ventricles rises because both the AV and
semilunar valves are closed.
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The dub or second sound, is produced by the closing of the
semilunar valves when the pressure in the ventricles falls below
the pressure in the arteries. The first sound is thus heard when
the ventricles contract at systole, and the second sound is heard
when the ventricles relax.
Heart Murmurs:
they are abnormal heart sounds produced by abnormal patterns
of blood flow in the heart.
murmurs are caused by defective heart valves which may be
congenital or as a result of rheumatic endocarditis.
Murmurs can also be produced by the flow of blood through
septa defects (holes in the septum) these are usually congenital.
The Conducting System of the Heart:
The heartbeat originates in a specialized cardiac conduction system
and spreads via this system to all parts of the myocardium.
The conduction system is split into multiple areas:
• The Sinoatrial node (SA node): It is a small mass of specialized cells
embedded in the wall of the right atrium it initiates the heartbeat and
usually keeps the heartbeat regular.
• The Atrioventricular node (AV node): It is a mass of neuromuscular
tissue, smaller than the SA node. It is located on the inferior portion of
the interatrial septum.
• The Atrioventricular bundle (AV bundle or bundle of His): It is a group
of specialized fibers. The AV bundle divides into right and left bundle
branches, each goes to the corresponding ventricle. Within the
ventricular walls the branches give up a network of fibers known as
Purkinje fibers.
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Origin and Spread of Cardiac Excitation:
During the period of diastole, the cells of SA node produce
depolarization which produce an action potential in these cells.
This spontaneous depolarization is produced by the diffusion of
positive charges from the outer membrane surface.
Depolarization is followed by repolarization. (The heart muscle
fibers, are (+) on the outside and (-) on the inside).
The action potentials that originate in the SA node spread to
adjacent myocardial cells of the right and left atria through the
gap junctions between these cells.
once the impulse spreads through the atria, it passes to the AV
node then the AV bundle, then the branches of the bundle which
are continuous with the Purkinje fibers
Stimulation of these fibers causes both ventricles to contract
simultaneously and eject blood into circulation
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A period of recovery follows in which the heart muscle and SA
node become recharged
Ectopic Pacemaker:
There are other regions within the heart that are capable of
originating action potentials and functioning as a pacemaker.
These include the area around the SA node and the
atrioventricular bundle. If action potentials from the SA node are
prevented from reaching these areas (through blockage of
conduction), they will serve as sites for the origin of action
potentials.
A pacemaker, other than the SA node, is called an ectopic
pacemaker.
The rhythm set by such an ectopic pacemaker is slower than that
normally set by the SA node.
Nervous Control of the Heart (intrinsic stimulation):
The heart is stimulated to contract without the need for outside
nervous stimulation.
However, the intrinsic system can be stimulated or depressed by
nerve impulses from the brain. A cardiac center in the medulla
oblongata of the brain can alter the beat of the heart by way of
the autonomic nervous system.
This system is made up of 2 divisions: parasympathetic (normal
activities, sympathetic (times of stress)
- The parasympathetic stimulation decreases all activities of the
heart and slows the heartbeat.
- The sympathetic stimulation increases the heartbeat.
The Electrocardiogram (ECG):
The ECG is the record of the electrical changes which occur in the
myocardium during the cardiac cycle.
This is carried out by using special electrodes attached to the skin
over the heart or any two sides of the heart and connecting to a
special recording machine.
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The P wave is produced by the atrial systole
The QRS wave occurs as the result of ventricular systole. The 1
wave is due to recovery of ventricles from contraction, i.e. due to
ventricular diastole.

The Circulatory System
Pages 114-125

Blood Vessels form a tubular network throughout the body that
permits blood to flow from the heart to all the living cells of the body
and then back to the heart.
- Blood leaving the heart moves through -> Arteries, Arterioles, and
Capillaries
- Blood returning to the heart moves through -> Venules and Veins
- Arteries have a thick muscle layer that allows them to transmit blood
ejected ( )خارج منfrom the heart under high pressure.

- Veins have thinner muscle layers which allow them to distend ()يتضخم
when the amount of blood increases and their one-way valves
ensure that blood won’t flow back to the heart.
- Capillaries are composed of a single layer of endothelium which
allows waters and other molecules to move across the capillary walls
& thus allow the exchange between the blood and the tissue

Structure of the walls of blood vessels:Walls of arteries & veins are composed of 3 coats:
1) Tunica Externa -> outermost layer which is composed of
connective tissue
2) Tunica Media -> Middle layer which is composed of smooth
muscles
3) Tunica Intima -> Inner layer which consists of 3 parts
a) Innermost simple squamous
b) Basement Membrane
c) Layer of elastic fibers or Elastin forming elastic lamina

➢ Differences between arteries & Veins
1) Arteries have more muscle for the diameter
2) Arteries appear more rounded in cross section while veins are
collapsed
3) Veins have valves while arteries don’t

Arteries
- The aorta and large arteries contain numerous layers of elastin
fibers between smooth muscle cells in the tunica media.
-

Large arteries expand when the pressure of the blood rises

-

Large arteries recoil when the pressure of the blood falls

-

-

Small arteries are less elastic than larger arteries and have a
thicker layer of smooth muscle for their diameter
Small arteries UNLIKE large ones retain ( )يحافظthe same size as the
pressure increases or decreases, and since they are narrow they
provide the greatest resistance to the blood flow

- Small arteries branch to form smaller arterioles

Capillaries
- Capillaries are the narrowest of blood vessels
- They contain about 250 ml of blood out of 5000 ml
- The amount of blood flowing in a capillary is determined by the
action of the precapillary sphincter muscle which allows on 5% to
10% of the capillary to be open.
- Blood flow is regulated by
a) Action of precapillary sphincters
b) The degree of resistance to blood flow

- The walls of capillaries are composed of only one layer of simple
squamous epithelium, the absence of connective smooth muscles
tissues allow more rapid rate of transport between the blood and
the tissue

Veins
- Most of the blood volume is found in the venous system
- The average pressure in the veins is only 2 mm Hg compared to
the arterial pressure of about 100 mm Hg
- The low venous pressure is insufficient to return blood to the
heart but veins pass between skeletal muscles that produce a
massaging action as they contract (skeletal muscle pump)
squeezing the veins and so pushing the blood
- The rate of blood returning to the heart is dependent on skeletal
muscle pump, when these pumps are less active as when a person
stand still or is bedridden ( )طريح الفراشblood accumulates and
causes them to bulge ()ينتفخ
- This accumulation cause veins to stretch to the point where the
venous valves are no longer efficient -> Varicose veins ()دوالي

Blood Composition
• Blood is composed of cellular portion (formed elements) & a
fluid portion (plasma)

- The most important cellular elements are RBCs (Erythrocytes),
WBCs (Leukocytes), and platelets (thrombocytes)
- RBC transport oxygen and carbon dioxide
- WBC defend the body against bacteria & viruses

Blood
- The average adult has about 5 liters of blood which is about 8% of
the total body weight
- Blood leaving the heart -> Arterial Blood with the exception of
that going to the lungs is bright red in color due to the high
concentration of oxygen
- Blood returning the heart -> Venous Blood with the exception of
that leaving to the lungs is darker in color as it’s not carrying
oxygen anymore

Plasma
- Is a straw-colored liquid consisting of water and dissolved solutes
(the major one is sodium)
When a blood sample is centrifuged, the heavier cellular elements are
packed into the bottom of the tube, leaving plasma ate the top.

- The formed elements are approximately 45% of the total blood
volume
- 55% -> plasma
- RBCs are the most abundant of the formed elements
- WBCs & Platelets form a buffy coat between RBCs & Plasma

Plasma Proteins
- 7% to 9% of the plasma
- 3 types

1) Albumins:•
•
•
•

60-80% of the plasma protein
Smallest
Produced by the liver
Provide the force needed to draw water from surrounding
tissue into the capillaries

2) Globulins:• Three subtypes (alpha, beta, gamma)
• Alpha & Beta are produced by the liver and function to
transport lipid and fat-soluble vitamins in the blood
• Gamma are antibodies produced by the immune system and
function to fight invading organisms

3) Fibrinogen:• About 4%
• An important clotting factor produced by the liver
• During the process of clot formation fibrinogen is converted
into insoluble threads of fibrin
• The fluid from clotted blood is called serum and doesn’t
contain fibrinogen
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Biology 102
Lecture 10

Plasma volume
The body works to maintain the volume of the blood
(homeostasis)
When the body loses water (the plasma becomes concentrated)
the brain senses that and it causes:
- feeling of thirst ()العطش
- release of hormones that stimulate the kidney to retain ( يحتفظ
 )بالماء و يقلل اخراجه يف البولwater

The formed elements of the blood
formed
elements
erethrocytes
(RBC)

Leukocytes
(WBC)

Thrombocytes
(Blood
Platelets)

1) Erythrocytes:
They are the most numerous of the formed elements
They have a biconcave shape that increases the surface area and
aids in their function (increase area of gas diffusion) ( شكلها يزيد من
)مساحة السطح
They lack a nucleus and mitochondria
They don’t live long so they are assembled with the materials
needed in the future (when they are released in blood they
contain already synthesized enzymes for energy production –
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anaerobic respiration-) ( الخاليا ال تحتوي عىل ميتوكوندريا و يتم تجهيها
)بالعنارص الغذائية قبل اخراجها يف الدم
Each RBC contains hemoglobin molecules which give blood its red
color
Each hemoglobin is composed of a protein called “globin” and an
iron-containing pigment called the “heme”. The iron in heme
bonds with oxygen.

Anemia is abnormal low RBCs count or low amount of
hemoglobin
anemias

perinicious anemia
iron-deficiency anemia
low amount of iron which
is essential for hemoglobin

no sectetion of the
intrinsic factor which is
needed for vit. B12
absorbtion which is
necessary for RBC
formation

aplastic anemia
dectruction of bone
marrow due to
chemicals e.g benzene,
arsenic
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Polycythemia is the abnormal increase in number of RBCs
It could be
1- Primary: excessive formation of RBCs due to unknown reasons
2- Compensatory: due to living in high altitudes and low oxygen level

2) Leukocytes:
They differ from RBCs in:
They contain nuclei and mitochondria
They can move in an amoeboid fashion while RBCs can’t move on
their own
ر
They can squeeze through ()تخيق
capillary walls (Diapedesis)
WBCs are nearly invisible under the microscope because they don’t
contain pigments, they are stained by Eosin (pink color) and Basic dye
(blue color)

They can be classified according to their stainability into:
granular

Neutrophils
(little affinity to both stains)

Basophils (affinity to basic stain)
Eosinophils (affinity to eosin)
Agranular Lymphocytes

- They are the most
abundant (50-70%)
- They have odd
shaped nuclei with
strands

-2nd most numerous
type of leukocyte
-contain round nuclei
and small cytoplasm
- they are the origin
of plasma cells which
secrete antibodies
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Monocytes

-largest of the
leukocytes
- contains kidney
shaped nucleus
Large count of leukocytes is known as leukocytosis which is a
diagnostic of leukemia
Small count of leukocytes is known as leukopenia

3) platelets
They are only fragments ( )أجزاءof cells which is why we call the
components of blood “formed elements” instead of “cells”
They are capable of amoeboid movement
They live from 5-9 days before being destroyed by the spleen and
liver
Platelets play an important role in agglutination and coagulation

Agglutination

Coagulation

Formation of a grey thrombus
Absence of RBCs
Occurs inside blood vessels
Mechanism: they adhere to the
wall of the injured B.V to close
the place of injury. When they
adhere to each other they melt
together forming thicker and
thicker platelets as time passes
( رتياكم و تتحد عىل الجدار و تزداد سماكة
)مع الوقت

Formation of a red thrombus
Presence of RBCs
Occurs outside blood vessels
Mechanism: when blood escapes
the B.V, fibrinogen protein in the
blood turns to fibrin and clotting
occurs. Platelets in blood clots
release serotonin and
thromboxane A2 which constrict
the blood vessel to stop bleeding
( تقوم بتضييق حجم الوعاء الدموي
)المصاب
-

Features:
1-forms only in flowing ()جاري
blood
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2-consists mainly of fused ()متحد
platelets
3-formed inside the blood vessel

Purpura:
It is the decrease of blood platelets in blood.
The patient shows purple patches ( )كدماتunder the skin and
mucous membranes (mouth) due to hemorrhage.
It is called “thrombocytopenic purpura” in this condition because
it’s due to low blood platelets count
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Hemopoiesis (Blood Production):
Erythropoiesis refers to the production of erythrocytes
Luekopoiesis refers to the production of leucocytes
Homeopoiesis occurs in 2 types of tissues: myeloid tissue (red
bone marrow –نخاع العظم- of long bones, ribs, skull) and lymphoid
tissue (lymph nodes, spleen, and thymus)
Myeloid tissue produces all types of blood cells while lymphoid
tissue only produces lymphocytes

Erythropoiesis:
Red bone morrow is the only site for erythropoiesis
In fetal life ()ف الجني
 يRBCs are first formed in the liver then spleen,
but in later stages red bone marrow becomes the only site for
erythropoiesis
2.5 million RBCs are produced every second
The lifespan of an erythrocyte is 120 days then it is destroyed
RBCs are phagocytosed ( )تتحللby reticulo-endothelial cells of the
spleen, bone marrow and liver
Hemoglobin is converted to hemosiderin (Fe containing pigment)
and hematoidin (bilirubin)
Iron is stored to be reused in new cells
Bilirubin is excreted as bile pigments and is responsible for the
color of faeces ()الفضالت
Agranular leucocytes have a lifespan of 100-300 days while granular
leucocytes have a short lifespan of 12h to 3 days
Mechanism of homeopoiesis:
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First, a number of undifferentiated cells gradually ()بالتدري ج
differentiate to stem cells. Stem cells give rise to blood cells
Stem cells dublicate themselves by mitosis to ensure that they
don’t become depleted ()تستنذف
The differentiating cells develop membrane receptors for
chemical signals that cause further development ( تنمو مستقبالت
)عىل سطحها الشارات كيميائية تعمل عىل نموها اىل شكل من اشكال خاليا الدم
There are 4 types of stem cells that grow to become different
types of blood cells:
- erythroblasts erythrocytes
- myeloblasts leukocytes
- lymphoblasts lymphocytes
- monoblasts monocytes

______________________________________________________
Erythropoiesis is initiated by a hormone called erythropoietin,
which is secreted by the kidneys.
Erythropoietin stimulated division and differentiated of
erythroblasts in bone marrow which increases oxygen
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concentration in the blood ( يحفز انتاج كرات الدم الحمراء فييد من مستوى
)االكسجي يف الدم
The secretion of erythropoiesis is stimulated by low amount of
oxygen in the blood which may be due to living in high altitude

Blood function
Transportation
1. Respiratory:
Oxygen is attached to RBC hemoglobin in the lungs then it’s
transported to the cells (where it’s used through aerobic
respiration). RBCs give up their oxygen and they take in CO2
produced by respiration, then CO2 is excreted in the lungs
2. Nutritive:
Blood carries different nutrients from the alimentary tract to
different body tissues
3. Excretory:
Metabolic waste, excessive water and ions are filtered through
blood capillaries in the kidney to be excreted in urine

Regulation
It carries hormones and regulatory molecules to target tissues.
Diversion of blood between superficial vessels in the skin and deeper
vesels helps to regulate blood temp.

Protection
Clotting protects against blood loss and blood leukocytes provide
immunity from many diseases

Chapter 5 pretest:
Complete
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1. The first blood vessels that branch off the aorta are chronary
arteries They bring oxygen and nutrients to cardiac cells. If they are
blocked, they cause a heart attack
2. The AV valve located between the right atrium and the right
ventricle has three flaps, and is called tricuspid valve
3. The AV valves allow the flow of blood in one direction only, from
the atria to the ventricles
4. The only arteries that carry deoxygenated blood in the body
are pulmonary arteries
5. The only veins that carry oxygenated blood in the body are
pulmonary veins
6. The cardiac cycle (heartbeat) consists of atrial systole, ventricular
systole and complete cardiac diastole
7. The first heart sound "lub" is produced by closing of AV valves
during ventricular contraction
8. The conducting system of the heart is composed of the following
(starting from the pacemaker of the heart): SA node, AV node and
AV bundle
9. The QRS wave of the ECG is due to ventricular systole
10. The three types of plasma proteins are albumins, globulins and
fibrinogen
11. Gamma globulins are produced by cells of the immune system
12. The effect of ADH secretion in excess amount on viscosity of
blood is it decreases water viscosity
13. Serum + fibrinogen = plasma.
14. The protective function of blood could be achieved through and
Clotting against blood loss and leukocytes against disease causing
agents
True or False, correct the false ones:
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1. The sympathetic stimulation decreases the heartbeat. (F)
Increases
2. The P wave of the ECG is produced by the atrial systole. (T)
3. The second heart sound "dub" is produced by the closing of
the AV valves. (F)
the semilunar valves
4. The clotting property of blood is due to the presence of betaglobulins. (F)
fibrinogen
5. Plasma albumins like beta-globulins are produced by the liver. (T)
6. ADH concentrates both urine and blood viscosity. (F)
It concentrates urine and decreases blood viscosity
Choose the correct answer:
1. The autonomic centers for cardiac function are located in the:
a- myocardial tissue of the heart.
b- cardiac centers of the medulla oblongata.
c- cerebral cortex.
d- (a), (b) and (c) are correct.
2. In the cardiac cycle, during diastole, the chambers of the heart:
a- relax and fill with blood.
b- contract and push blood into an adjacent chamber.
c- experience a sharp increase in pressure.
3. Which of these associations is incorrect?
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a- white blood cells — infection fighting.
b- red blood cells — blood clotting.
c- plasma — water, nutrients and wastes.
d- platelets — blood clotting.
4. The formed elements of blood include:
a- plasma, fibrin, serum.
b- albumins, globulins, fibrinogen.
c- WBCs, RBCs, platelets.
d- all are correct.
5. Erythropoitin directly stimulates RBC formation by:

a- increasing rates of mitotic divisions in erythroblasts.
b- speeding up the maturation of red blood cells.
c- accelerating the rate of hemoglobin synthesis.
d- all are correct.
6. which of the following is the correct sequence of blood flow?
a- arteries — capillaries —. venules — arterioles — veins.
b- veins — venules —capillaries — arterioles — arteries.
c- capillaries — arteries — arterioles — venules — veins.
d- arteries — arterioles — capillaries — venules — veins.
7. The following are characters of the heart except:
a- is a cone-shaped, hollow, muscular organ.
b- about the size of the fist.
c- located between the lungs directly behind the sternum,
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d- its right side carries oxygenated blood.
e- its wall is stimulated to contract without the need for outside
nervous system.
Give the appropriate term:
Arise from the walls of the heart, collect deoxygenated blood
from its wall and empty it into the right atrium. (cardiac veins)
The heart sound which is produced due to closing of the
semilunar valves. (“dub”)
Crescent or half-moon shaped heart valves positioned at the
entrances to the aorta and the pulmonary trunk. (semilunar
valves)
The system of blood vessels from the right ventricle of the heart
to the lungs, transporting deoxygenated blood and returning
oxygenated blood from the lungs to the left atrium of the heart.
(pulmonary circulation)
Specialized cardiac muscle fibers that conduct electrical
impulses from the AV bundle into the ventricular walls.
(purkinje fibers)
Abnormal heart sounds caused by an abnormal flow of blood in
the heart due to structural defects. (heart murmurs)
A tissue that forms blood cells, located in the medullary cavity
of certain bones. (myeloid tissue)
A hormone produced by the hypothalamus and secreted by the
posterior pituitary gland, it acts on the kidneys to promote
water reabsorption. (ADH)
A hormone secreted by the kidney and stimulates the bone
marrow to increase the production of RBCs in case of anemia.
(erythropoietin)

