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	1. Physiology of Blood
Physiology-I  (Theory)
Course no. PD-315
DR. AQSA MUSHTAQ
ASSISTANT PROFESSOR
DEPARTMENT OF PHARMACOLOGY,
DOW COLLEGE OF PHARMACY, DUHS
Lecture No. 1 to 5
 


	2. Recommended Books
 Tortora,  G.J. and Derrickson, B.H. Principles of anatomy and
physiology
 Guyton and Hall Textbook of Medical Physiology 13th Edition
DCOP
 


	3. What is Pharmacy?
“Pharmacy,  the science and art concerned
with the preparation and standardization
of drugs”
DCOP
 


	4. What do you  know about Physiology?
The goal of physiology is to explain the physical
and chemical factors that are responsible for the
origin, development, and progression of life.
DCOP
 


	5. What is Physiology?
  Physiology derived from Greek words; Physis = nature, logos =
study
 Physiology is the science of studying the functional activities
and its mechanisms in biological body.
 For example: why can heart automatically beat.
DCOP
 


	6.  Physiology is  the study of how various biological components work
independently and together to enable organisms, from animals to
microbes, to function.
 This scientific discipline covers a wide variety of functions from the
cellular and subcellular level to the interaction of organ systems
that keep more complex biological machines, like humans, running.
DCOP
 


	7. Course units
S# Topics  No. of Classes Teacher Name
1 Blood 7 Dr. Aqsa Mushtaq
2 Digestive System 6 Dr. Aqsa Mushtaq
3 Kidneys 6 Dr. Auwais Ahmed Khan
4 Urinary System 2 Dr. Aqsa Mushtaq
5 Circulatory System 10 Dr. Auwais Ahmed Khan
6 Respiratory System 7 Dr. Aqsa Mushtaq
DCOP
 


	8. Physiology of Blood
  


	9. Lectures on Physiology  of Blood
Lecture
Numbers
Sub-topics
1 Introduction of Blood and Composition of whole Blood
2 Function and genesis of Blood
3 RBC
4 Fate of RBC and Jaundice
5 WBC
6 Platelets
7 Blood Grouping and RH Factor
8 Blood indices (PCV, ESR)
9 Blood disorders (Haemophilia and Anaemia)
DCOP
 


	10. Lecture Objective
 Differentiate  between different fluid body compartments
 Understanding of composition of whole blood and functions of
fluid portion in the blood
DCOP
 


	11. Blood
•complex mixture of  cells,
water, proteins and sugars
•transports nutrients, oxygen,
and hormones to all parts of
the body
•helps regulate body
temperature
•helps maintain stability of the
body’s fluid volume
•transports waste products away
from body cells
DCOP
 


	12. CONNECTIVE TISSUE
 Blood  is a liquid connective tissue
 Interstitial fluid is the fluid that
bathes body cells
 Can you relate the link between
these two?
 Connective tissue is one of the most abundant and widely
distributed tissues in the body.
 It binds together, supports, and strengthens other body tissues
 Protects and insulates internal organs
 compartmentalizes structures such as skeletal muscles
 Serves as the major transport system within the body
 Is the primary location of stored energy reserves
 Is the main source of immune responses
 Connective tissue consists of two basic elements:
 EXTRACELLULAR MATRIX
 and CELLS
DCOP
 


	13. Body Fluid Compartments
DCOP
  


	14. Functions of Blood
  Transports: Defense:
 Nutrients Foreign Organisms
 Electrolytes Injury/ infection
 O2 & CO2 Clotting process
 Waste Products
 Hormones
 Body Temperature
 Maintains Homeostasis
DCOP
 


	15. Physical Characteristics of  Blood
 Blood is denser and more viscous (thicker) than water and feels slightly sticky
 The temperature of blood is 38°C
 1°C higher than oral or rectal body temperature
 pH is slightly alkaline ranging from 7.35 to 7.45
 The colour of blood varies with its oxygen content
 Constitutes about 20% of extracellular fluid
 The blood volume,
 5 to 6 liters in an average-sized adult male
 4 to 5 liters in an average-sized adult female
 Importance of Hormones like Aldosterone, ADH
Negative feedback mechanism to ensure regulation of blood volume and
osmotic pressure
DCOP
 


	16. Formed
elements-45%
Buffy coat-<1%
Plasma-55%
Blood Composition
VENIPUNCTURE
The  most common
procedure for obtaining
blood samples for
laboratory testing
DCOP
 


	17. Blood Composition
Without blood,  human life
is impossible
Fluid Portion
-Plasma consisting of:
•water
•proteins
•salts
•nutrients
•vitamins
•hormones
Cellular Portion
-Blood cells consisting
of:
•red blood cells
•white blood cells
•platelets
NOTE: If some proteins and blood cells were
removed from plasma the remaining fluid
would be called serum.
DCOP
 


	18. Composition of Whole  Blood
DCOP
 


	19. DCOP
  


	20.  Proteins
 Albumin  (60 %)
 Alpha and Beta Globulins
 Gamma Globulins
 fibrinogens
 Gas
 Electrolytes
Blood Plasma Components-55%
DCOP
 


	21.  Organic Nutrients
Carbohydrates
Amino  Acids
Lipids
Vitamins
 Hormones
 Metabolic waste
CO2
Urea
Blood Plasma Components-55%
DCOP
 


	22. Functions of Plasma
1.  Water:
* Transport medium; carries heat
2. Electrolytes:
* Membrane excitability
* Osmotic distribution of fluid between ECF & ICF
* Buffering of pH changes
3. Nutrients, wastes, gases, hormones:
No function – just being transported
DCOP
 


	23. Plasma Protein
Plasma Proteins:  (albumins, globulins, fibrinogen)
1. Maintaining colloid osmotic balance (albumins)
2. Buffering pH changes
3. Transport of materials through blood (such as water insoluble
hormones)
4. Antibodies (e.g. gamma globulins, immunoglobulins)
5. Clotting factors (e.g. fibrinogen)
DCOP
 


	24. DCOP
  


	25. 1. Red Blood  Cells
2. White Blood Cells
3. Platelets
Cellular Elements of Blood
19
DCOP
 


	26. LEUKOCYTES
Granulocytes
Neutrophils Basophils Eosinohils
Agranulocytes
Lymphocytes
B  cells T cells NK cells
Monocytes
DCOP
 


	27. DCOP
  


	28. Formation of Blood  Cells/Hemopoiesis
 Red bone marrow
 A highly vascularized connective tissue located in the microscopic spaces between
trabeculae of spongy bone tissue
 About 0.05–0.1% of red bone marrow cells are called multipotent hematopoietic
stem cells
 Multipotent stem cells also called as hemocytoblasts
 In newborns, all bone marrow is red, yellow marrow replaces red marrow with the
passage of age
Stage of Life Site of Hemopoiesis
EMBRYO Yolk sac
FOETUS Liver, spleen, thymus, and lymph
nodes
AFTER BIRTH AND THROUGH OUT LIFE Red bone marrow
DCOP
 


	29. Multipotent stem cell
DCOP
  


	30.  Stem cells  in red bone marrow reproduce themselves, proliferate, and differentiate
into cells that give rise to blood cells, macrophages, reticular cells, mast cells, and
adipocytes
 Lymphoid stem cells, which give rise to lymphocytes, begin their development in red
bone marrow but complete it in lymphatic tissues
 Several hormones called hemopoietic growth factors regulate the differentiation and
proliferation of particular progenitor cells
 Erythropoietin (EPO) increases the number of red blood cell precursors
 Thrombopoietin (TPO) is a hormone produced by the liver that stimulates the
formation of platelets from megakaryocytes
 Several different cytokines regulate development of different blood cell types
Colony-stimulating factors (CSFs) and interleukins
DCOP
 


	31. White Blood Cells  (Leukocytes)
 Mobile units of body’s defense system:
 “Seek and Destroy” Functions:
1. Destroy invading microorganisms
2. Destroy abnormal cells (ie: cancer )
 Clean up cellular debris (phagocytosis)
3. Assist in injury repair
DCOP
 


	32. Types of WBC’s
Each  WBC has a specific function
Granulocytes
Agranulocytes
DCOP
 


	33. Types of WBC’s
Polymorphonuclear  Granulocytes
1.Neutrophils
2.Eosinophils
3.Basophils
DCOP
 


	34. 1. Neutrophils
* 50-70%  of all leukocytes (most abundant of WBC’s)
Phagocytes that engulf bacteria and Debris
The nucleus has two to five lobes
The granules do not strongly attract either the
acidic (red) or basic (blue) stain
Nuclear lobes increase in number with the age of
cell
Often called polymorphonuclear leukocytes
(PMNs), polymorphs,
Older neutrophils have several differently shaped
nuclear lobes
* Important in inflammatory responses
DCOP
 


	35. 2. Eosinophils
* 1-4%  of the WBC's
* Attack parasitic worms
Important in allergic reactions
Large, uniform-sized granules
within an eosinophil are
eosinophilic
Nucleus usually has two lobes
DCOP
 


	36. 3. Basophils
* Release  histamine and heparin
* 0.5% of the WBC's
* Important in Allergic Reactions
Heparin acts as anticoagulant
The round, variable-sized granules
of a basophil are basophilic
The granules commonly opaque
the nucleus, which has two lobes
DCOP
 


	37. Functions of White  Blood Cells
 Neutrophils and macrophages are active in phagocytosis
 Chemotaxis
Movement in response to chemicals released by microbes and
inflamed tissues attract phagocytes
 Neutrophils also contain defensins, proteins that exhibit a broad range
of antibiotic activity against bacteria and fungi
DCOP
 


	38.  Eosinophils are  believed to release enzymes, such as
histaminase
 Eosinophils also phagocytize antigen–antibody complexes
and are effective against certain parasitic worms
 A high eosinophil count often indicates an allergic condition
or a parasitic infection
 Basophils release granules that contain heparin, histamine,
and serotonin
DCOP
 


	39. Mononuclear Agranulocytes
Monocytes
Lymphocytes
 (B  and T cells)
Types of WBC’s
DCOP
 


	40. 4. Monocytes
* Exit  blood (diapedesis) to become macrophages
* 2-6 % of the WBC's
 Phagocytic = defend against viruses and bacteria
 The nucleus of a monocyte is usually kidney-
shaped or horseshoe-shaped
 The cytoplasm is blue-gray and has a foamy
appearance
 Migrate from the blood into the tissues, where
they enlarge and differentiate into macrophages
DCOP
 


	41. Blood Capillary
Leukocytes are  deployed
in the infected areas
outside blood vessels via
3 steps.
1) Margination
2) Diapedesis
3) chemotaxis
DCOP
 


	42. Blood Capillary
slow down  by cell adhesion
molecules secreted by
endothelial cells
Leukocytes are deployed
in the infected areas
outside blood vessels via
3 steps.
1) Margination/Adhesion
DCOP
 


	43. 2) Diapedesis:
Leukocytes slip
out  of the
capillary blood
vessels.
Diapedesis
DCOP
 


	44. Blood Capillary
3) Chemotaxis:
Gather  in large
numbers at areas of
tissue damage and
infection by
following the
chemical trail of
molecules released
by damaged cells or
other leukocytes
DCOP
 


	45. Blood Capillary
Phagocytosis
Destroy foreign
substances  or
dead cells
DCOP
 


	46. DCOP
  


	47. 5. Lymphocytes
* B-lymphocytes:  Produce Antibodies
 T-lymphocytes: Directly destroy virus-
invaded cells and cancer cells
 The nucleus of a lymphocyte stains dark and
is round
 Cytoplasm stains sky blue and forms a rim
around the nucleus
* 25-33 % of the WBC's
DCOP
 


	48. B-lymphocytes: Produce Antibodies
DCOP
  


	49. T-lymphocytes: Directly destroy  virus- invaded cells
and cancer cells
DCOP
 


	50. W B C  D i s e a s e s
 Normal Leukocyte Count: 4,000 – 11,000/l
 Leukopenia
• Abnormally low WBC count—drug induced
• < 4,000/l normal leukocytes
• one major side effect of chemotherapy
 Leukocytosis: > 11,000/l normal leukocytes
 Leukemia
• Cancerous conditions involving WBCs
DCOP
 


	51.  Lymphocytes continually  move among lymphoid tissues, lymph,
and blood, spending only a few hours at a time in blood
B cells are particularly effective in destroying bacteria and inactivating
their toxins
T cells attack viruses, fungi, transplanted cells, cancer cells, and some
bacteria, and are responsible for transfusion reactions, allergies, and
the rejection of transplanted organs
Natural killer cells attack a wide variety of infectious microbes and
certain spontaneously arising tumor cells
Functions of White Blood Cells
DCOP
 


	52.  Monocytes take  longer to reach a site of infection than
neutrophils, but they arrive in larger numbers and destroy
more microbes
 On their arrival, monocytes enlarge and differentiate into
macrophages, which clean up cellular fragments and
microbes by phagocytosis after an infection.
DCOP
 


	53. DCOP
  


	54. DCOP
  


	55. Erythrocytes
 Structure
Biconcave, anucleate
  Components
o Hemoglobin
o Lipids, ATP, carbonic
anhydrase
 Function
o Transport oxygen from lungs
to tissues and carbon
dioxide from tissues to lungs
DCOP
 


	56. RED BLOOD CELLS
  Red blood cells contain the oxygen-carrying protein hemoglobin
 A pigment that gives whole blood its red color
 RBCs are biconcave discs with a diameter of 7–8 µm
 Plasma membrane is both strong and flexible, which allows them to deform without
rupturing as they squeeze through narrow blood capillaries
 RBCs lack a nucleus and other organelles
 These can neither reproduce nor carry on extensive metabolic activities
 Cytosol of RBCs contains hemoglobin molecules
 They do not use up any of the oxygen they transport
 RBCs lack mitochondria and generate ATP anaerobically
DCOP
 


	57. Hemoglobin
Consists of:
4 globin  molecules:
Transport carbon dioxide
(carbonic anhydrase
involved), nitric oxide
4 heme molecules:
Transport oxygen
o Iron is required for oxygen
transport
DCOP
 


	58.  Hemoglobin molecule
  Consists of a protein called globin
 Composed of four polypeptide chains (two alpha and two beta chains)
 A ring-like non-protein pigment called a heme is bound to each of the four chains
 At the center of each heme ring is an iron ion (Fe2+) that can combine
reversibly with one oxygen molecule
 Allowing each hemoglobin molecule to bind four oxygen molecules
 Each oxygen molecule picked up from the lungs is bound to an iron ion
DCOP
 


	59.  Additionally, hemoglobin  also plays a role in the regulation of blood flow and blood
pressure
 Role of Nitric Oxide
 Gaseous hormone NO, produced by the endothelial cells that line blood vessels,
binds to hemoglobin
 Under some circumstances, hemoglobin releases NO
 Released NO causes vasodilation
 Role of RBC carbonic anhydrase (CA)
 CA catalyzes the conversion of carbon dioxide and water to carbonic acid, which in
turn dissociates into H+ and HCO3-
DCOP
 


	60. DCOP
  


	61. RBC’S (Erythrocytes) cont…
  Lack intracellular organelles necessary for cellular repair, growth,
division
 Short Life Span (~120 days)
 Aged RBC
 Fragile - prone to rupture
 Ruptured RBC’s are destroyed in spleen
 Phagocytic WBC’s “clear the debris”
DCOP
 


	62. Too few, Too  many
 Anemia – low hematocrit (below-normal oxygen-carrying capacity of
the blood)
 Polycythemia- abnormally high hematocrit (too many RBCs in
circulation)
DCOP
 


	63. RBC Life Cycle
  Red blood cells live only about 120 days
 Why?
Because,
RBCs’ membrane undergo wear and tear while squeezing through tight
capillaries
RBCs are not competent enough to replace damaged parts
can you think why?
Aged RBCs develop fragility in their membrane, and these fragile RBCs burst
while passing through tight spaces, specifically spleen
Cellular debris are removed and phagocytised by macrophages in spleen and
liver
DCOP
 


	64. DCOP
  


	65. DCOP
  


	66. Erythropoiesis
 The production  of RBCs, starts in the red bone marrow with a
precursor cell called a proerythroblast
 The proerythroblast divides several times, producing cells that
begin to synthesize hemoglobin
 Ultimately, a cell near the end of the development sequence
ejects its nucleus and becomes a reticulocyte
 Loss of the nucleus; red blood cell attains distinctive biconcave
shape
 Reticulocytes retain some mitochondria, ribosomes, and
endoplasmic reticulum
DCOP
 


	67.  Normally, erythropoiesis  and red
blood cell destruction proceed at
roughly the same pace
 In case of decreased Oxygen carrying
capacity, a negative feedback system
steps up RBC production
 Hypoxia; cellular oxygen deficiency
DCOP
 


	68. Contact:
aqsa.mushtaq@duhs.edu.pk
Google drive link  for Physiology Lectures:
 https://drive.google.com/drive/folders/1O__WCFgOy9ORn4sWdmfPnRjB37WP-5m9?usp=sharing
DCOP
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