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BAsSIcS OF BLOOD

FUNCTION OF BLOOD
1. Transports gases, nutrients, hormones and metabolic wastes.
2. Regulates composition of interstitial fluid (e.g. pH, ions, water, etc).

Restricts fluid loss at injury sites via blood clotting.

Defends against toxins and pathogens.

o > W

Regulates body temperature by absorbing and redistributing heat.
COMPOSITION OF BLOOD

1. Cells

a. Erythrocytes (Red blood cells) Hematocrit = % of total blood volume occu-

b. Leukocytes (White blood cells) pied by packed (centrifuged) red blood cells.

i. Phagocytes: Can engulf small particles such as bacteria » Normal hematocrit = 37-54%.

and dead cells.
ii. Granulocytes: Contain granules (vesicles) in the cells.

c. Thrombocytes (Platelets)
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2. Plasma proteins
a. General functions:
i. Generate colloid osmotic pressure.
ii. Buffer pH.

b. Specific functions:

PSL301H Human Physiology I

Proteins Functions

» Colloid osmotic pressure

Albumin
» Carrier proteins
» Cloting factors

Globulina &f » Enzymes

» Carrier proteins

Globuliny » Antibodies

Fibrinogen » Forms fibrin for blood clotting

HEMATOPOIESIS

1. Definition: Hematopoiesis is the process of generating blood cells.

Pluripotent hematopoietic
stem cell

Bone Marrow

| —— @ Multipotent progenitors
|
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2. Location:

a. Developing Embryo: Yolk sac, liver, spleen > bone marrow.

b. After birth & Adult: Bone marrow: Pelvis, spine, ribs, cranium, proximal end long bones.

3. Regulation of hematopoiesis - Cytokines

a. CSF (Colony Stimulating Factors): Stimulate the growth of leukocyte colonies.

b. Interleukins (IL): Cytokines released by one white blood cell to act on another white blood cell.

c. Erythropoietin (EPO): Produced by kidney and stimulate production of erythocytes in response to v[0z2].
i. Low Oz level stablize hypoxia inducible factor (HIF1a) wchich can activate transcription of EPO.

d.

Thrombopoietin (TPO): Produced by liver and stimulate production of megakaryocytes.
RED BLOOD CELLS

1. Basics of RBC

a. Transport oxygen from lungs to tissues and carbon dioxide from tissues to lungs.
b. Anaerobic metabolism:
i. Nonucleusin the cell (No new transcriptions), ejected when normoblast becomes reticulocyte.
ii. No mitochondria and other organelles.
c. Contains hemoglobins and enzymes.

2. Morphology

=

Hypotonic Very Hypotonic

Hypertonic Isotonic

a. Isotonic (Same osmotic pressure with plasma): Normal biconcave disk shape.
b. Hypertonic (Higher osmotic pressure): Shink in size.

c. Hypotonic (Less osmotic pressure): Swell in size and may burst in a very hypotonic solution leaving RBC ghosts.

3. Hemoglobin
a. Hemoglobin consists of four globular protein (2a + 23) subunits.

Each subunit contains a single molecule of heme — a nonprotein ring surrounding a single ion of iron.
c. Binding O2 change its state from deoxy state to oxygenated state.

d. Binding Oz is a cooperative actiivty.

a chain 1

a chain2

Hemoglobin molecule
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TURNOVER OF RBC

RBCs are constantly produced and removed from human body under normal physiological conditions.

Production of RBC - Q ) - Removal of RBC

1. Production of RBCs is through hematopoiesis

2. Removal of RBCs:

RBC

Macrophagesin spleen,
liver, and red bone marrow

FeZ*

' Amino acids

‘eu Old and

damaged

10% RBCs In the bloodstream,
DQDQ the rupture of RBCs
4 i h is.
Bilirubin bound is called hemolysis
to albumin in I
bloodstream Hemoglobin that is not
phagocytized breaks down,
and the alpha and beta
o chains are eliminated in urine.

L
e o

Liver

Fe2" transported in bloodstream
by transferrin

Average life span of

RBCis 120 days
O New RBCs

released into m

)

bloodstream

Absorbed into the bloodstream

~

Excreted
in bile

Large intestine

=== Urobilins,
stercobilins

Eliminated

inurine
Eliminated
in feces

ABNORMALITIES OF BLOOD

HYPERBILIRUBINEMIA (JAUNDICE)

Jaundice is a condition in which the skin and whites of the eyes become yellow and urine is dark yellow.

1. Symptoms:
a. Yellowish discoloration of the white area of the eye and the skin.
4 1R
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2. Causes:
a. Highturnover of RBC
b. Liverdiseases
c. Bile duct obstruction
ANEMIA

A condition marked by a deficiency of red blood cells or of hemoglobin in the blood.

1. Symptoms:
a. lrritability
b. Fatigue

c. Dizziness, lightheadedness, rapid heartbeat

2. Accelerated RBC loss

Production of RBC » @ ‘ Removal of RBC

a. Hemorrhage: Cells are normal in size and hemoglobin content but low in number.

b. Hemolytic: Cells rupture at an abnormally high rate
i. Genetic deficit: Membrane deficit, Enzyme deficit, and hemoglobin deficits (sickle cell anemia).
ii. Aquired: Parasites infections (malaria), Drugs, and Autoimmune diseases.

3. Decreased RBC production

®

Production of RBC ‘ O
®

- Removal of RBC

a. Aplastic anemia:
i. Drugs that affect the stem cells.
ii. Radiation that destruct stem cells.
b. Inadequate dietary intake of essential nutrients
i. Iron deficiency » Low heme production.
ii. Folic acid deficiency » Low DNA synthesis.
iii. Vtamine B2 deficiency » Low DNA synthesis.
c. Inadequate production of erythropoietin in kidney.
POLYCYTHEMIA
Polycythemia (polycythaemia or polyglobulia) is a disease state in which the hematocrit is elevated.
1. Symptoms:
a. High blood viscocity.

2. Cause:
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Production of RBC » O - Removal of RBC

a. Primary polycythemia: Abnormal erythrocyte precursors.

b. Secondary polycythemia: Low oxygen delivery to tissues.

PATHOGENS & OVERVEIW OF IMMUNE SYSTEM

PATHOGENS
A specific causative agent of disease.
Types of pathogens:

» Bacteria

» Viruses

» Fungi

» Parasites

» Protozoa
OVERVIEW OF IMMUNE SYSTEM

The system of the body that fights infection and disease and that includes especially the white blood cells and antibodies
and the organs that produce them.

1. Lines of defense:
a. Physical & chemical barriers.
b. Innate immunity > Rapid but non-specific.
c. Adaptive immunity > Slower but specific.
2. Tissues of immune system
a. Tonsils
b. Thymus
c. Lymph nodes
d. Spleen
e. Bone marrow
f.  Gut-associated lymphoid tissue (GALT)
g. Lymphatic vessels
3. Immune cells
a. Lymphocytes
i. Becells
ii. Tecells
iii. Natural killer (NK) cells

b. Monocytes & Macrophage

COPYRIGHT © Talent Education JIANG, Anlong 6 |
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c.  Neutrophils
d. Eosinophils
e. Basophils

f.  Dendritic cells
g. Mastcells

LYMPHATIC SYSTEM

1. Functions of lymphatics
a. Return excess tissue fluid to the blood.
b. Transport pathogens/dendritic cells to lymph nodes.
c. Transport fat from digestive system to the blood
2. Lymphoid organs
a. Lymph nodes - Monitor lymphs.

b. Spleen - Monitor blood.

INNATE IMMUNITY

PHYSICAL BARRIERS
1. Epithelium: The protective barrier of skin and mucous membranes.

2. Glandular secretions: Salivary glands and the glands in airways secrete mucus and immunoglobulins to trap and
disable inhaled or ingested pathogens.

3. Stomach acidity: The low pH of the stomach helps destroy swallowed pathogens.

4. Mechanical removal: Physical removal of pathogens
a. Mucociliary escalator
b. Tears
c. Coughing, Sneezing
d. Gl mobility

PHAGOCYTES
1. Important classes of WBCs that act as professional phagocytes: macrophages and neutrophils.

2. Neutrophils are attracted to the site of inflammation by chemotaxis.

Rolling adhesion Tight binding Diapedesis Migration

Endothelial cell

/
Selectin

Inflamed tissue
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3. Phagocytosis of pathogens and antigen presentation
a. Mediated by pattern recognition receptors (PRRs).

b. Mediated by Fc receptors (antibody as opsonin).

PPR Mediated Phagocytosis

-

Phagosome
Pathogen

contains ingested
pathogen.

Lysosome contains
enzymes
and oxidants.

Lysosome

Nucleus

Ingested pathogen
Digested antigen

Pattern Recognition

Receptor Phagocyte Phagocytosis brings pathogens into immune cells. Lysosomal enzymes digest pathogen,
producing antigenic fragments.

Polysaccharide

capsule * Antibody
molecules
e
A

FcR Mediated Phagocytosis pathogen

Fc Receptor

>

Phagocyte

Antigen-presenting macrophage displays antigen Antigen-presenting cell (APC)
fragments on surface receptors.

NATURAL KILLER (NK) CELLS
1. NKcells are used against virus infection or cancerous cells.
2. NKecells are regulated by many stimulatory and inhibitory receptor-ligand interactions at the same time.
a. Activity determined by the balance between excitatioin and inhibition.

Missing self Stress-induced self

Inhibitory MHC Healthy cell Activated NK cell Tumour cell Activated NK cell Tumour cell
receptor class|

NK cell

P
Upregulation of
stress-induced
ligands promotes
killing of tumour cell

Loss of MHC molecule
expression promotes
killing of tumour cell

Activating
ligand

>
00 0% 00 00%
© 0 o

o Ks) ]
Cytokines and Cytokines and
cytotoxic mediators cytotoxic mediators

e

NK cell activation NK cell activation

receptor

ANTIMICROBIAL PROTEINS
1. Interferon (IFN)
a. TypellFNs: IFN-aand {3 > Prevent viral replication in the cells.

b. Typell IFNs: IFN-y > Activate macrophages and other immune cells.

°
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2. Complements
a. Complements are soluble proteins in blood and other body fuild which are mainly produced by liver.
b. Functions of complements:
i. Destruct target cell membrane.
ii. Stimulate inflammation.

iii. Attract phagocytes.

iv. Enhanve phagocytosis.

c. Complements are initally inactive but can be activated via three pathways.

Classical pathway C3 convertases MAC
Antibody complexes

’ (&5)
(cab

« Pathogen
clearance
« Inflammation

3

Lectin pathway
High-density mannose (

E—

—

complex and

debris clearance
« Perforation or
OCsa lysis

« Collectin 11 and MBL
« Ficolins

& l « Chemotaxis
& « Opsonization
A" \—’@ « Immune

% ;
.—»»—J e@ _J
N

INFLAMMATION

1. Inflammation is a localized tissue response to injury.

Tissue Damage

Redness, Swelling, Heat, and Pain

Chemical change in
interstitial fluid Dilation of
Clot formation
blood vessels, * (temporar
increased blood re aipr) Y
flow, increased p
Mast Cell Activation vessel
N permeability
Release of Tissue Repair
histamine and
heparin from Pathogen removal,
mast cells seir:pvsl of clot erosion, scar
ebris by tissue formation
neutrophils
and macro-
Phagocyte Attraction phages;
s stimulation
Attraction of b |/ Release of of fibroblasts
phagocytes, cytokines
especially -
neutrophils Activation
of specific
defenses
(e
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2. Symptoms:
a. Swelling
b. Redness
c. Heat
d. Pain

3. Functions of inflammatory response:

a. Slowingthe spread of pathogens.
b. Mobilization of local, regional, and systemic defenses.
c. Setsthe stage for repair.
FEVER
1. Feveris characterized by increased body temperature (> 37.2 °C).
2. Causes: Pyrogens change the thermoregulatory set point in the hypothalamus.
3. Functions of fever:
a. Speeds up metabolic activity of host.

b. Inhibits some pathogens.

ADAPTIVE IMMUNITY

1. Major players in adaptive immunity
a. Bcells> Originated in bone marrow and matured in bone marrow (Positive and negative selections).
i. Produce antibody.
b. T cells > Originated in bone marrow and matured in thymus (Positive and negative selections).
i. Help and regulate otherimmune cells.
ii. Killinfected cells.
2. Features of adaptive (aquired) immunity
a. Specificity: Activated by and responds to a specific antigen.
b. Versatility: Ready to confront any antigen at anytime.
i. Huge repertoire of B cell receptors (BCRs), T cell receptors (TCRs) and antibody can be generated.
c. Memory ability: “Remembers” any antigen it has encountered.
i. The activated T and B cell can undergo clonal expansion.
ii. Some cells are turned into memory cells which are long-lasting and continue to reproduce.

iii. Secondary immune response is much quicker and more intense than primary immune response.

Antigen A

i A Seconda
Antigen A +Antigen B anii?;\] y -
E response aPr:ItT;ry
2 response
,-8 Primary anti-A
= response
©
£
=]
8
] !
0 14 "o 6 14
Time, days
o
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d. Tolerance: Responds to foreign substances but ignores normal tissues.

q. ‘A —%Death

/ Self antlgen
@ [ ] .. p
\ ;C /O.o.
Lymphoid antigen
progenitor cell

Different Naive cells

OIOIONO0)

Activated cells

HUMORAL IMMUNITY
Humorla immunity is primary mediated by B cells.
1. Bcellactivation
a. Thymus-independent (TI) antigen can directly activated B cell to effector B (plasma) cells.
b. Thymus-dependeded activation requires help from Helper T cells (T ).
i. Antigen binds BCR and antigen presentation via MHC-II.
ii. Interaction with T, cells (MHC-Il and TCR, CD40L and CD40).

iii. Cytokines produced by T, cells can enhance activation.

Antige&
Q

MHC class Il

\/

‘ Antigen presentatlon

2. Antibody
a. Functions of antibody
i. Activate B cells.
ii. Actasopsonins to tag antigens for phagocytosis.
iii. Cause antigen clumping and neutralization of bacterial toxins.
iv. Activate antibody-dependent cellular activity.
v. Activate complement.

vi. Trigger mast cell degranulation.
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b. Classes of antibody
i. 1gM > Firstantibody released inimmune response with high avidity and is good at activating complement.
ii. 1gA > Abundantin secretions and protect epithelial cells.
iii. 1gG > Most common antibody and can be transfer across placenta.
iv. IgD - Major role as cell surface Ig.

v. IgE > Protect against parasite, can bind eosinophils and relate to allergic reactions.

(b) IgD

(d) IgA (e) IgM

N

Hinge
region

J chain
\

3. Structure of IgG

Antigen binding site

Fab region

Heavy chain —— Fcregion

|
HOOC COOH

4. Forms of immunity
a. Active immunity

i. Naturally aquired:

COPYRIGHT © Talent Education JIANG, Anlong

IgG molecules have 2 heavy chains and 2
light chains.

4 polypeptide chains are linked by disulfide
bonds.

A single 1gG molecule has two highly vari-
able antigen binding sites.

2 antigen binding arm is called Fab region
and the bottom part is called Fc region.
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ii. Artifically aquired
b. Passive immunity
i. Naturally aquired

ii. Artifically aquired

Natural Artificial Natural Artificial
@ ‘
Maternal Monoclonal
Infection Vaccination antibodies antibodies

CELL-MEDIATED IMMUNITY
1. TypesofT cells:
a. HelperT cells:
i. Express CD4 on cell membrane (CD4").
ii. Bind MHC Class Il » Expressed on APC (Antigen presenting cells) > Present exogenous antigen.
iii. Activate other T and B cells.
iv. Release cytokines.
b. Cytotoxic T cells
i. Express CD8 on cell membrane (CD8").
ii. Bind MHC Class | > Expressed on all nucleated cells » Present endogenous antigen.
iii. Killinfected or cancerous cells.

2. Activation of T cells

APCs deliver three kinds of signals
to naive T cells

APC

cyt|<Ek6ines Three signals are required to activate T cells by antigen
< 12 i :
112 presenting cells:
D28 1 1. Interaction between TCR and MHC class Il.

2. Interaction between CD28 and B7.1 + B7.2.

3. Cytokine released by APC.

Note: Lack of Singal 2 will lead to T cell anergy.
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3. Effects of cytotoxic T cells.

PSL301H Human Physiology I

Stimulation of naive T cell Proliferating T cell

Active effector T cells kill
virus-infected target cells

IL-2

® IN receptor
T-cell po ~
recepto 17 A A
IL-2 »—" v

T cell

Nlalnlel A

RECOGNITION PROLIFERATION

> DIFFERENTIATIO>

EFFECTOR FUNCTION

>

BACTERIA INFECTION SUMMARY
1. Bacteriainfection is usually in the extracellular region.

Primary immune response is mediated by humoral immunity.

2.

Bacteria enter
extracellular fluid
from outside

External
environment

CRIGCEEC
P Skin or mucous
- membrane

7 0‘%%\‘:’
o
o O

ECF

[

' Bacteria

&‘:b
o=

<

= 4 o
? Q | 0 activate /
ingest and present jmake
disable antigens to activate ——— >

actas
Complement
proteins
g\

Acute phase \
TH clells proteins
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Phagocytes
A

activate
—> P
\

B lymphocytes

become

secrete Antibodies

\

Plasma proteins

Capillary Circulating leukocytes attract
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VIRUS INFECTION SUMMARY
1. Virus can distribute in extracellular region and infect living cells.

2. Trigger both humoral and cell-mediated immune response.

Preexisting antibodies < ~
Virus
invades ‘
host
e ‘ @ Macrophage
.. o @ +\_ingests virus.

Macrophage presents

> antigen fragments.

e
Uninfected host

MHC-I

Viral
antigen

Infected host cell

cell

activates
antiviral
response.

Attacked by cytotoxic T cells

%
- _-"perforins,

granzymes

A

Interferon- a

MHC-II

secretes

Cytokines

l

)
Inflammatory
response

Infected cell undergoes
apoptosis and dies.

BLOOD TYPE & DONATION

There are two major systems of blood types:

So2 |15

Cytotoxic T cell

T-cell
receptor

Activates helper T cell

Helper T cell

activates

Virus

activates

Plasma cells

secrete

/‘Antibodies }*
AN
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1. ABO blood group

Blood Type Antigen on RBC Antibodies in Plasma
No A or B antigens “Anti-A” and “anti-B”
ﬁ Y Mixture of blood leads to agglutination of RBC
A *
“Anti-B”

A antigens

Y A

“Anti-A”

8

B antigens

AB NonetoAorB

©

A and B antigens

2. Rh (Rhesus) blood group
a. Rh":Rh positive > Rh antigen on RBCs.
b. Rh:Rh negative > No Rh antigen on RBCs (Usually not have anti-Rh antibody).
3. Hemolytic disease in newborn (HDN)
a. Hemolytic disease in newborn is due to the incompatibility between mother and baby.
b. Hemolytic disease will cause anemia, jaundice, enlarged spleen and liver, and severe edema.

Hemorrhaging at Delivery
‘ Maternal blood supply
and tissue
X .
-y ©

@ @
/ A Rh antigen on
Fetal blood supply ’ fetal red blood cells
‘ and tissue \

During First Pregnancy

Maternal blood supply
and tissue

=)

Placenta

I N

During Second Pregnancy

Maternal blood supply
and tissue «
Maternal blood supply
— Maternal and tissue
anti-Rh
antibodies
(7
= Fetal blood supply ‘
(?] and tissue
I
Hemolysis of
fetal RBCs
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c. Prevention > Inject anti-RhD antigen antibodies into Rh- mother during and following her pregnancy.

i. The antibody will bind and remove fetus RBCs before they can trigger mother's immune response.

ii. Mother will not produce any anti-RhD antibody.

BLoob HEMOSTASIS

BLOOD CLOTTING

1. Vascular phase » Vasoconstriction

a. Neurogenic and myogenic control
b. Vasoconstrictive paracrines prolong this action:
i. Serotonin (platelets)
ii. Thromboxane Az (platelets)
iii. Endothelin-1 (endothelial cells)

2. Platelets phase > Platelets adhesion to the damaged site

Steps in the platelet phase

Lumen of 1. Exposed collagen on blood vessel binds and acti-
blood vessel Vg e . .
vates platelets via von Willebrand factor (VWF).

2. Platelets get activated and release platelet factors:

Promote vasodilation
Prevents platelet °

a. ADP
b. Platelet-activating factor (PAF)

Intact endothelium
releases prostacyclin
and nitric oxide (NO).

c. thromboxane A2

d. Serotonin

3. More platelets will be attracted to the damaged site.

Smooth Collagen Exposed collagen EGH
musclecells  subendothelial in damaged blood 4, Aggregation of p[ate[ets to form p[ug
layer vessel wall

3. Coagulation cascade

a. Extrinsic pathway

i. The extrinsic pathway is initiated by factors external to the blood.

ii. Initiated by thromboplastin (tissue factor Ill).

b. Intrinsic pathway

i. Theintrinsic pathway requires only clotting factors found within the blood itself.

ii. Intrinsic pathway needs more steps and usually slower than extrinsic pathway
¢. Common pathay
i. Extrinsic pathway and intrinsic pathway will converge to common pathway.
ii. Central factor is the Factor X.
iii. Activation of pro-enzyme to active enzyme.

iv. Activation of fibrinogen will cause crosslink of fibrin.
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d. Anti-coagulant
i. Coumadin (Warfarin): Block Vitamin K and hence interrupt the synethsis of VII, IX, X and thrombin.
ii. EDTA: Chelator of divalention Ca?.

INTRINSIC PATHWAY EXTRINSIC PATHWAY

Collagen or other

Damage exposes
Xl activators

tissue factor (l11)

~ l
A
AN
Ca?
<+) Tissue factor (+) m

(1) and
active VIl
/ Ca?

positive feedback
Active IX

— VIl

Ca?*

-X
/1- PhOSpholipidsN

-
ik~ o

V, Phospholipids

Prothrombin

positive feedback

Thrombin
o

Active XIII —»lCa 2+

Cross-linked fibrin

CELL-BASED THEORY OF COAGULATION
1. [Initiation phase
a. Cellwith tissue factor on the cell surface is the primary physiologic initiator of coagulation.
b. Factor VIl in plasma binds tightly to cellular TF and is rapidly activated by coagulation.
c. ThefactorVlla/TF complex activates both factor X and factor IX.
d. Smallamounts of thrombin is produced.
2. Amplification phase
a.

b.

Platelets adhere to extravascular matrix components at the site of injury.

Small amounts of thrombin generated on TF-bearing cells amplify the initial procoagulant signal by enhancing
platelet adhesion.

c. Thrombin activates factors V, Xl, and VIl on surface of platelets.
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3. Propagation phase

a. Active factors on the surface of platelets form tenase and then prothrombinase results in large amounts of

thrombin.
b. Thrombin cleaves fibrinogen and factor XlII to result in fibrin formation and cross-linking.
CLOT REMOVAL

1. Clotdisintegrates when fibrin is broken into fragments by the enzyme plasmin

2. Thrombin, a factor in the coagulation cascade, works with a second factor called tissue plasminogen activator (tPA)

to convert inactive plasminogen into plasmin.

3. Plasmin then breaks down fibrin, a process known as fibrinolysis.

Coagulation Clot Fibrinolysis

Thrombin

tPA

Fibrin Plasmin |  Fibrin
polymer ~| fragments
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