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Cardiovascular System (CVS)

2

Blood + Heart + Blood vessels
= CVS

Lymph + Lymph nodes+ lymph vessels
= Lymphatic System

CVS + Lymphatic System
= Circulatory System



Functions of 
Cardiovascular System

3

1. Transportation
--Respiratory gases
--Delivery of oxygen and nutrients      
--Waste removal

2. Regulation
--Temperature
--Acid-base balance
--Hormones

3. Protection
--Clotting
--Immune function 



Characteristics of Blood
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1/13 8%

1.059 1.056

7.35~7.45 ( NaHCO3/H2CO3)

4.7 4.4 ( )

280~300 mOsm ( )



Crystal vs. Colloid
Osmotic Pressure
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Components of Blood 

Hematocrit=45%

Buffy coat
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Average blood volume
Women = 5.0 L
Men = 5.5 L
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Blood Plasma
Over 90% water
7% plasma proteins: Albumin, 
Globulins and Fibrinogen
--Synthesized in liver, except 

some globulins synthesized by 
lymphocytes

--Confined to bloodstream
--General functions: Colloid 

osmotic pressure, Buffer H+, 
Increase blood viscosity and 
Fuel during starvation

2% other substances
--Electrolytes, nutrients, hormones, 

gases, waste products

Normal Hematocrit
Men = 42–52
Women = 37–47



Functions of Plasma Proteins
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Albumins :
1. Major contributor to plasma oncotic osmotic pressure
2. Carriers

Globulins :
1. Alpha and Beta

--Carriers
--Clotting factors
--Enzymes
--Precursor proteins (angiotensinogen)

2. Gamma = immunoglobulins (Ig)
--Part of immune system

Fibrinogen: Blood clotting

-Angiotensinogen  Angiotensin

Albumin-Globulin 
ratio (A/G ratio) 

A/G 1.5~2.5



Components of Plasma
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Plasma vs. Serum
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Normal Plasma Value
Test Normal range

80 – 85 ml/kg 

280 – 300 mOsm

pH 7.35 – 7.45

(CPK)          10 – 79 U/L

17 – 148 U/L

(LDH)         40 – 90  U/L

(phosphatase) 0.01 – 0.56 Sigma U/ml 

( )(acid) 0.13 – 0.63 Sigma U/ml

37% – 48% 
45% – 52%
12 – 16 g/100 ml 
13 –18 g/100 ml

4.2 – 5.9 million/mm3 

5000 – 10000 /mm3 12



Normal Plasma Value
Test Normal range

300-1100 ng/100ml   
25-90 ng/100ml

(ACTH)    15-70 pg/ml
10 ng/ml   5 ng/ml

6-26 U/ml ( )

24-30 mmol/l
2.1-2.6 mmol/l
100-106 mmol/l 
3.5-5.0 mmol/l 
135-145  mmol/l

( )
120-220 mg/100ml
70-110 mg/100ml( )
0.6-1.8 mmol/l

( )       6.0-8.4 g/100ml
40-150 mg/100ml
8-25 mg/100ml
3-7 mg/100ml
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Functions of Blood Cells
Transportation

--O2, CO2, metabolic wastes, 
nutrients, heat & hormones

Regulation

--Helps regulate pH through 
buffers

--Helps regulate body 
temperature

--Helps regulate water content 
of cells by interactions with 
dissolved ions and proteins

Protection from disease & loss 
of blood 14



Types of Blood Cells
Type     Describe      Number       Function

100
200

4000000~~6000000/mm 3

5000~~10000/mm 3

12 13

I. 

1. 

2. 

3. 

2 5 54% 62%

2 1% 3%

1% ( )
Histamine 5-HT( )
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Types of Blood Cells
Type     Describe      Number       Function

II. 

1. 

2. 

100 300

2~~3 3% 9%

25% 33%
( )

5 9
250000~~450000/mm 3
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Hematopoiesis= Blood Cell Formation

17

In adult (occurs only in red marrow 
of flat bones like sternum, ribs, skull 
& pelvis and ends of long bones)

In the embryo (occurs in yolk sac, 
liver, spleen, thymus, lymph 
nodes & red bone marrow)



Hematopoiesis= Blood Cell Formation
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Stages of Blood Cell Formation
Pluripotent stem cells
--1% of red marrow cells
--Replenish themselves as they differentiate into either myeloid 

or lymphoid stem cells
Myeloid stem cell line of development continues:
--Progenitor cells (colony-forming units) no longer can divide 

and are specialized to form specific cell types
• Example: CFU-E develops eventually into only red blood cells

--Next generation is blast cells (precursor cell)
• Have recognizable histological characteristics 
• Develop within several divisions into mature cell types

Lymphoid stem cell line of development 
--Pre-B cells & prothymocytes finish their develop into B & T 

lymphocytes in the lymphatic tissue after leaving the red 
marrow
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Hemopoietic Growth Factors
Regulate differentiation & 
proliferation
Erythropoietin (EPO)
--Produced by the kidneys

increase RBC precursors
Thrombopoietin (TPO)
--Hormone from liver

stimulates platelet formation
Cytokines are local hormones 
of bone marrow
--Produced by some marrow 

cells to stimulate proliferation 
in other marrow cells

--Colony-stimulating factor 
(CSF) & interleukin 
stimulate WBC production 

Available through recombinant 
DNA technology
--Recombinant EPO very 

effective in treating decreased 
RBC production of end-stage 
kidney disease

--Other products given to 
stimulate WBC formation in 
cancer patients receiving 
chemotherapy which kills bone 
marrow

• Granulocyte-macrophage 
colony-stimulating factor

• Granulocyte colony 
stimulating factor

--TPO helps prevent platelet 
depletion during chemotherapy



Red Blood Cells or Erythrocytes
Contain oxygen-carrying protein  
hemoglobin (Hb) that gives blood its red 
color

--1/3 of cell’s weight is hemoglobin

Biconcave disk 8 microns in diameter
--Increased surface area/volume ratio 
--Flexible shape for narrow passages

(Spectrin: cytosolic fibrous protein)
--No nucleus or other organelles
--No cell division or mitochondrial ATP 

formation

Normal RBC count

--Male 5.4 million/drop & female 4.8 
million/drop (mm3)

--New RBCs enter circulation at 2 
million/second (life cycle 120 days)



Hemoglobin= 4Heme+Globin

Globin protein consisting of 4 polypeptide chains
One heme pigment attached to each polypeptide chain
--Each heme contains an iron ion (Fe+2) that can combine 

reversibly with one oxygen molecule

Enzymes: Glycolytic enzymes & Carbonic anhydrase22



Hemoglobin Molecule
Molecule = globin + 4 heme groups
--Globin = 4 chains of polypeptides
--Heme = an iron containing group

Greatly increases O2 transport
--98.5% of transported O2 is bound to Hb
--1.5% of transported O2 is dissolved in 

plasma
Binding rate: CO >O2>CO2

Oxygenated Hb is bright red; Deoxygenated
Hb is dark red 23



Characteristics of RBC
1. Suspension stability: negative charge of 

erythrocyte surface and plasma albumin
--Erythrocyte Sedimentation rate (ESR)

Men: 0~15 mm/h 
Women: 0~20 mm/h

--When an inflammatory process is present, the high 
proportion of fibrinogen in the blood causes red 
blood cells to stick to each other. The red cells form 
stacks called 'rouleaux,' which settle faster

2. Osmotic fragility
3. Plastic deformation
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RBC Production
RBCs are synthesized in red 
bone marrow by the process 
called Erythropoiesis
Erythrocytes and leukocytes 
develop from same stem cells 
in bone marrow

--Hematopoietic stem cells 
Erythrocyte synthesis 
stimulated by erythropoietin 
(EPO)
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Requirements for RBC Production
Iron

--Component of hemoglobin (heme portion)
--Normal hemoglobin content of blood

Men: 13–18 gram / dL
Women: 12–16 gram / dL

Folic acid
--Necessary for DNA replication, thus cell proliferation

Vitamin B12
--Necessary for DNA replication, thus cell proliferation

26
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20~25 mg 95%  
1 mg
Fe3+ Fe2+

(transferrin) 



Feedback Control of RBC Production
Tissue hypoxia
--High altitude since air 

has less O2
--Anemia

RBC production < RBC 
destruction

--Circulatory problems
Kidney response to 
hypoxia
--Release erythropoietin
--Speeds up development 

of proerythroblasts into 
reticulocytes

28

EPO



Clinical Application
Renal dialysis patients whose kidneys have failed 
have too little erythropoietin and need to have 
synthetic forms administered to maintain normal RBC 
counts

Athletes who abuse this synthetic form (to increase 
stamina) can die from the blood becoming too viscous 
which results in clotting, stroke and heart failure

Testosterone also enhances RBC production by 
increasing EPO production (hence men have higher 
hematocrit than women) so people on hormone 
replacement need to be very careful with dosing
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Filtering and Destruction of 
Erythrocytes

The spleen filters and removes old erythrocytes, and 
the liver metabolizes byproducts from breakdown of 
erythrocytes (globin + heme) 

Iron is recycled for the synthesis of new hemoglobin

Iron is transported in the blood bound to transferrin
to the red bone marrow

Iron is stored bound to ferritin in the liver, spleen 
and small intestines

30



Erythrocyte Life Cycle

In macrophages of liver or spleen 
--Globin portion broken down into amino acids & recycled
--Heme portion split into iron (Fe+3) and biliverdin (green pigment)

Biliverdin (green) converted to bilirubin (yellow)
--Bilirubin secreted by liver into bile

31

(After iron removed, heme Bilirubin)



Types of Anemia

The blood test, hemoglobin A1c(HbA1c ), can be used 
to monitor blood glucose levels in diabetics

32

Type           Cause           Defect
Aplastic anemia 

Hemolytic anemia
Iron deficiency

anemia
Pernicious anemia

Toxic chemicals, 
radiation

Toxic chemicals, Malaria
Dietary lack of iron

Inability to absorb  
vitamin B12

Defective gene

Damaged bone 
marrow

RBC destroyed
Hemoglobin deficient

Excess of immature 
cells

RBC abnormally shaped

Hemoglobin deficient, 
RBC short-lived

Sickle cell disease

Thalassemia Defective gene

Hemorrhagic Bleeding (ulcer) Loss of RBCs
Renal anemia Kidney disease EPO deficient
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Decrease in the oxygen-carrying capacity of blood
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WBCs (Leukocytes)

35

Leukocytes (white blood cells) function in the 
defense of the body
--Immune system
--Defend against pathogens
--Identify and destroy cancer cells
--Phagocytosis of debris from dead or injured cells 

They can be divided into granulocytes and 
agranulocytes
--Granulocytes—cytoplasmic granules: Neutrophils, Eosinophils

and Basophils

--Agranulocytes—no cytoplasmic granules: Monocytes and 
Lymphocytes



Function of WBCs(Leukocytes)

WBCs leave the blood 
stream by emigration
Some WBCs, 
particularly neutrophils 
and macrophages, are 
active in phagocytosis
The chemical attraction 
of WBCs to a disease or 
injury site is termed 
chemotaxis

36

Defense of the Body



Neutrophil

37

50–80% of leukocytes 
in blood
Phagocyte
Circulate in blood 7–
10 hours
Migrate to tissues for a 
few days
Numbers increase 
during infections

Red and blue staining granules

Polymorphonuclear leukocytes (PMNs)



Eosinophil
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1–4% of leukocytes
Phagocytes (but not main 
mechanism of action)
Release histaminase, 
phagocytize antigen-
antibody complexes
Defend against parasitic 
invaders (e.g., parasitic 
worms)
Granules contain toxic 
molecules that attack 
parasites

Red staining granules



Basophil
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<1% of leukocytes
Nonphagocytic
May defend against 
large parasites by 
releasing toxic 
substances
Contribute to allergic 
reactions

--Histamine
--Heparin
--5-HT

Blue staining granules



Monocyte
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5% of leukocytes
Phagocytes
New monocytes 
circulate 
in blood few hours
Migrate to tissues and 
become macrophages

--Wandering 
macrophages

--Fixed macrophages



Lymphocyte
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30% of leukocytes
99% of interstitial fluid 
cells
Three types

--B lymphocytes 
(B cells)

--T lymphocytes 
(T cells)

--Null cells (NK cells)



Differential WBC Count
Complete blood count(CBC) is total RBC, WBC, platelet 
counts, differential WBC, hematocrit and hemoglobin 
measurements (screens for anemia and infection)
Differential WBC count is detection of changes in 
numbers of circulating WBCs (percentages of each type)
--Indicates infection, poisoning, leukemia, chemotherapy, 

parasites or allergy reaction
Normal WBC counts
--Neutrophils 60-70% (up if bacterial infection)
--Lymphocyte 20-25% (up if viral infection)
--Monocytes   3-8 % (up if fungal/viral infection)
--Eosinophil   2-4 % (up if parasite or allergy reaction)
--Basophil   <1% (up if allergy reaction or hypothyroid)
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Platelets (Thrombocytes)
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Platelets are cytoplasmic fragments derived from 
megakaryocytes, also called thrombocytes

As cell fragments there are no organelles, but they
do have granules and are important in blood clotting

--A clot is a gel consisting of a network of insoluble protein fibers 
(fibrin) in which blood cells are trapped 

--The chemicals involved in clotting are known as coagulation 
(clotting) factors; most are in blood plasma, some are released by 
platelets, and one is released from damaged tissue cells

The granules contain secretory products:
ADP, Serotonin and Epinephrine, etc.

Short life span: 5-9 days



Coagulation (clotting) Factors

Ca2+

III (factor III) 
II VII IX X K
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Blood Clotting
Hemostasis = stop 
bleeding
Hemostasis is a 3-step 
process:

1. Vascular spasm 
(Vasoconstriction)

2. Formation of platelet 
plug

3. Blood coagulation 
(Formation of fibrin 
protein web)

47



1. Vascular Spasm
Intact endothelium secretes
prostacyclin (PGI2) and NO:
vasodilate and inhibit platelet aggregation, and 
CD39: breaks down ADP into AMP and Pi to inhibit 
platelet aggregation further
Vascular spasm results from damage to the blood 
vessel. The damaged tissue secretes factors (5-HT, 
TXA2) that cause contraction
Vessels constrict to minimize blood loss (this is 
protective to maintain BP)
Endothelial layer becomes sticky to aid in the clotting 
process 48



The platelet plug forms around site of vessel damage and 
is started by the sticky endothelium at the damaged site
The plug results in a decreased blood loss (maintains BP)
The plug formation is necessary for production of a blood 
clot

2. Platelet Plug Formation

49

(1) Platelet adhesion
(2) Platelet release reaction
(3) Platelet aggregation



2. Platelet Plug Formation
Platelets store a lot of chemicals in granules needed for 
platelet plug formation
--Alpha granules

Clotting factors
Platelet-derived growth factor (PDGF)
–cause proliferation of vascular endothelial cells, 

smooth muscle & fibroblasts to repair damaged vessels
--Dense granules

ADP, ATP, Ca+2, serotonin,
fibrin-stabilizing factor, &
enzymes that produce TXA2

Steps in the process
(1) Platelet adhesion
(2) Platelet release reaction
(3) Platelet aggregation

50



(1) Platelet Adhesion
Platelets stick to exposed collagen
underlying damaged endothelial cells 
in vessel wall

51



(1) Platelet Adhesion

52

(glycoprotein)
von Willebrand (vWF) 

Blood Vessel Damage

Platelets Bind to vWF

vWF Binds to Collagen Fibers

Exposure of Subendothelium

Platelet Adhesion Sticky Secretions



(2) Platelet Release Reaction
Platelets activated by adhesion (platelet activation)
Extend projections to make contact with  each other 
Release TXA2 & ADP activating platelets aggregation
5-HT, EPi & TXA2 are vasoconstrictors decreasing 
blood flow through the injured vessel

53



(3) Platelet Aggregation
Activated platelets stick together and activate new 
platelets to form a mass called a platelet plug
Plug reinforced by fibrin threads formed during 
clotting process

54



Role of Arachidonic Acid in 
Platelet Aggregation

55

Healthy Endothelial Cells

Arachidonic Acid/platelets

Prostacyclin
(Prostaglandin I2)

Inhibits platelet 
aggregation

Adhered Platelets

Arachidonic Acid/platelets

Thromboxane A2
(TXA2)

Stimulates platelet
aggregation and secretions

cAMP & CacAMP  & Ca



Blood Clotting = Coagulation

56

(clotting cascade) 

Blood (Fibrin) Clot

Common pathway 



Clotting Cascade
Prothrombinase is formed by 
either the intrinsic or extrinsic 
pathway
Final common pathway 
produces fibrin clot (blood clot)

1. Formation of prothrombinase
(prothrombin activator)

2. Conversion of prothrombin (II)
into thrombin (IIa)

3. Conversion of soluble fibrinogen (I)
into insoluble fibrin (Ia)

57



Extrinsic & Intrinsic Pathway
Extrinsic pathway:
--Fewer steps then intrinsic and 

occurs rapidly
--Tissue factor (TF) or 

thromboplastin (III factor) leaks 
into the blood from cells outside 
(extrinsic to) blood vessels and 
initiates formation of 
prothrombinase

Intrinsic pathway:
--More complex and slower than 

extrinsic
--Activators are either in direct 

contact with blood or contained 
within (intrinsic to) the blood

--Outside tissue damage not needed



Clotting Factors

In an uninjured vessel, thrombin
bound to thrombomodulin
activates protein C, which blocks 
the clotting response

Anticoagulant action

(endo. cell receptor)



Role of Vitamin K in Clotting
Normal clotting requires 
adequate vitamin K
--Lipid-soluble vitamin 

absorbed if lipids are present
--Absorption slowed if bile 

release is insufficient
Required for synthesis of 4 
clotting factors by hepatocytes
--Factors II (prothrombin),  

VII, IX and X
Produced by bacteria in large 
intestine
Liver disease often have 
bleeding problems

60

Liver plays important 
indirect roles in clotting



Hemostatic Balance
Fibrinolytic System 

Fibrinolysis 
(Anticoagulant action) 
dissolution of the clot

Coagulation System

Hypercoagulability
(Thrombosis)

formation of the clot



Anticoagulant Action
1. Cellular anticoagulant system

-- Monocytes-macrophages engulf clotting 
factors, tissue factors, prothrombin complex 
in blood 

-- Vascular endothelial cells inhibit platelet 
adhesion and aggregation (PGI2, NO), and 
activate protein C (inh. Factor Va and VIIIa)

2. Humoral anticoagulant system

62



Humoral Anticoagulant System
1. III (antithrombin III, AT III)

-- AT III 
(432 aa.)

-- (arginine) IIa
IXa Xa XIa XIIa 

(serine)
(serine protease inhibitor)

-- AT III 

63



Humoral Anticoagulant System
2. C 

-- C (protein C, PC)
S (protein S, PS)
(thrombomodulin, TM) 

C 
--PC K

-- thrombin
TM PC 
Va VIIIa 

-- Xa 
prothrombin

(fibrinolysis) 64

(endo. cell receptor)



Humoral Anticoagulant System
3. (tissue factor pathway 

inhibitor, TFPI)
--

(inhibitor of 
extrinsic pathways)

--TFPI Xa
-- Ca2+ TFPI VIIa-
(VIIa-TF complex) TF-VIIa-TFPI-Xa 

TFVIIa 
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Tissue Factor Pathway Inhibitor 
(TFPI)

66

TFPI is the endogenous 
inhibitor of TF activity
TFPI binds to FXa and 
thereby inhibits TF/FVIIa 
activity



Humoral Anticoagulant System
4. (heparin)

-- (sulfated glycosaminoglycan)
(mast cell) 

--

-- III (AT III) thrombin

--
TFPI

-- C (PC)

(plasminogen activator)
-- 67



Heparin

68

Heparin, acting in the blood, directly 
activates anticlotting factors
(antithrombin III)
Heparin inactivates the factor IIa, Xa 
and IXa 

A Serious Side-Effect of Heparin is 
Heparin-Induced Thrombocytopenia (induce an immune reaction)



Anticlotting Roles 
of Endothelial Cells

69

(TFPI)

(Extrinsic pathways)

(t-PA)



Fibrinolytic System 
(Hemostatic Control Mechanisms)

Plasmin (fibrinolysin) is a serine protease that acts to dissolve fibrin 
blood clots= active fibrinolytic enzyme 
Plasmin acts as an anticoagulant and clot disperser inside the body
PA is secreted by endothelial cells during clot formation and activated 
by fibrin

Tissue plasminogen activator (t-PA) 
Urokinase plasminogen activator (uPA)
Kallikrein 
Factor XII (Hageman factor)



Plasminogen Activators
(Kallikrein)

(plasminogen activators)

(tissue 
plasminogen activators t-PA)

(streptokinase SK)

(PA)
SK t-PA
( )
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Activator and Inhibitor of 
Fibrinolytic System 

Useful in some 
bleeding disorders
(inhibitor of fibrinolysis)

Used in thrombolytic 
therapy (activator of 
fibrinolysis)

Plasminogen activator inhibitor 
(PAI)/endo. cell: inh. t-PA

a2-antiplasmin/liver



Intravascular Clotting
Thrombosis
--Thrombus (clot) forming in an unbroken blood vessel

Forms on rough inner lining of BV
If blood flows too slowly (stasis) allowing clotting factors to 
build up locally & cause coagulation

--May dissolve spontaneously or dislodge & travel
Embolus
--Clot, air bubble or fat from broken bone in the blood

Pulmonary embolus is found in lungs
Low dose aspirin blocks synthesis of TXA2 & 
reduces inappropriate clot formation (anticoagulant)
--Strokes, transient ischemic attacks (TIAs=mini stroke) and 

myocardial infarctions
--High dose aspirin blocks synthesis of PGI2 (clot formation)

73



Thrombus Formation in Damaged 
Vascular Wall

74

Platelet membrane receptors include the 
glycoprotein (GP) Ia receptor, binding to 
collagen (C)

GP Ib receptor, binding von Willebrand 
factor (vWF), and GP IIb/IIIa, which binds 
fibrinogen and other macromolecules



Anticoagulants and Thrombolytic Agents
Anticoagulants suppress or prevent blood 
clotting
--Heparin (present in blood)

Binds antithrombin III (ATIII) and then inactivates thrombin
Administered during hemodialysis and surgery

--Warfarin (Coumadin)
Antagonist to vitamin K so blocks synthesis of clotting factors
Slower than heparin

--Stored blood in blood banks treated with citrate 
phosphate dextrose (CPD) or EDTA that removes Ca+2

Thrombolytic agents are injected to dissolve 
clots
--Directly or indirectly activate plasminogen
--Streptokinase (SK) or tissue plasminogen activator (t-PA)
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Clotting Disorders and 
Anticoagulants
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Clinical Application:
Leeches and Bloodleting

Leeches have been used for bloodletting
since the age of Hippocrates. Surgeons have 
currently used medicinal leeches (Hirudo 
medicinalis) to prevent thrombosis and 
increase blood flow in treatments of 
ischemia, pain and inflammation
Leech saliva contains an anesthetic , a 
vasodilator, and an anticoagulant

79

Hirudin is a specific, irreversible thrombin inhibitor from leech 
saliva that is now available in recombinant form as lepirudin
(administered parenterally).
Lepirudin has little effect on platelets or the bleeding time. Lepirudin 
is excreted by the kidney and should be used with great caution in 
patients with renal insufficiency as no antidote exists



Blood Types
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(agglutinogen) 

(agglutinin)
 )



Typing Blood
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Single drops of blood 
are mixed with 
different antisera
Agglutination with 
an antisera indicates 
the presence of that 
antigen on the RBC



Blood Transfusion

1.

2. (cross match test)
ABO Rh Rh 

-- ( )
( )
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Blood Component Therapy in Blood Transfusion 

O ( A B ) A B 
AB O 
AB ( A B ) A B AB O



84



Antibodies of ABO Blood Types
ABO 9 ABO 

--ABO 
--ABO 2~8 8~10 

-- IgM

--
IgG
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Erythroblastosis Fetalis
Antigen was discovered in blood of 
Rhesus monkey (Rh blood group)

People with Rh agglutinogens on 
RBC surface are Rh+.  Normal 
plasma contains no anti-Rh Ab

Antibodies develop only in Rh-

blood type & only with exposure to 
the antigen

--Transfusion of positive blood
--During a pregnancy with a  

positive blood type fetus

Transfusion reaction upon 2nd 
exposure to the antigen results in 
hemolysis of the RBCs in the 
donated blood

First pregancy

Between pregancies

Second pregancy
86

Hemolytic Disease 
of the Newborn 

(HDN)



-- 24 

--

(hematuria)

--

--
(jaundice)

--


