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Cardiovascular System (CVS)

£
Blood + Heart + Blood vessels
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CVS + Lymphatic System
= Circulatory System




Functions of

Cardiovascular System

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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Crystal vs. Colloid
Osmotic Pressure

FRIEH MEREEZERE MEZBIR 2 ER
T & RAOHEEYERENNZER MEITABHBEYEENZZEE
EARR) EE (XE7% NaCl) MBPEH (FEBHEH)
B E 300 mOsm/kgH,O 1.6 mOsm/kgH.,O
e FEFTALIIPRANKEEMNEFRERE » B AERHIIS A NCEE » FrIE BB K
- A AR 7Kg i
EtRA ERESZBLANEE  AZEEMRE BEVELZ®EEIMNSEE -




Average blood volume

Components of Blood "™ \omen=501
Men=55L
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Whole blood
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Other fluids
and tissues
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Blood plasma
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Electrolytes
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Regulatory
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Blood Plasma

< % Over 90% water

] I % 7% plasma proteins: Albumin,
Globulins and Fibrinogen
s --Synthesized In liver, except
blood volume) some globulins synthesized by
l’l)(I)OCVZI of \]Nhole_ Iymp h OCyteS
ood volume _ =— Buffy coat .
(eukoeytes and platelts --Confined to bloodstream
_';iyt:Ltm’ --General functions: Colloid
(45% of whlo osmotic pressure, Buffer H,
u Increase blood viscosity and
- N - Fuel during starvation
Normal Hematocrit < 294 other substances
Men = 42-52 --Electrolytes, nutrients, hormones,

Women = 37-47 gases, waste products



Functions of Plasma Proteins

@ Albumins :

1. Major contributor to plasma oncotic osmotic pressure
2. Carriers

> 25k ¥ #% & Albumin-Globulin

®Globulins : ratio (A/G ratio) it 5 ¥ i ik
1. Alpha and Beta > AGE ¥ iE 5 1.5~25, &3
--Carriers TRHERF S AT R
--Clotting factors
--Enzymes a-Angiotensinogen — Angiotensin

--Precursor proteins (angiotensinogen)
2. Gamma = immunoglobulins (1g)
--Part of immune system

®ibrinogen: Blood clotting



Components of Plasma

Component

Water

Solutes

Proteins

Albumin

Globulins

Fibrinogen
Others

Description and importance

Makes up 90% of plasma volume; provides
dissolving and suspending medium for
solutes and formed elements

Accounts for 8% of plasma (by weight); most
are synthesized by liver

60% of plasma proteins; largely responsible
for plasma osmotic pressure

36% of plasma proteins; include clotting
proteins, antibodies secreted by certain
leukocytes during the immune response,
and proteins that bind to lipids, fat-soluble
hormones, and metal ions to transport these
substances in the blood

Important in the formation of blood clots

Enzymes, hormones, and antibacterial
proteins

Component

Description and importance

Nitrogenous
waste
products

Organic
nutrients

Electrolytes

Cations

Anions

Respiratory
gases

By-products of metabolism, such as urea,
uric acid, and creatinine

Materials absorbed from the intestines and
used by cells throughout the body; include
glucose and other simple sugars, amino
acids, fatty acids, glycerol, triglycerides, cho-
lesterol, and vitamins

Sodium, potassium, calcium, magnesium
(important in neuromuscular signaling),
and trace metals (important in normal
enzyme activity)

Chloride (important in neuromuscular
signaling), bicarbonate, and phosphate
(important in maintenance of normal
plasma pH)

Oxygen and carbon dioxide; most oxygen
and some carbon dioxide is bound to
hemoglobin in erythrocytes; a significant
fraction of carbon dioxide is found in the
plasma in the form of bicarbonate




Plasma vs. Serum
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Hematocrit = volume of red cells (~45%)
& _ ‘5 Plasma = fluid in fresh blood
I Serum = fluid after blood has clotted

Plasma = serum + fibrinogen (& other clotting
factors)

Normal volumes:
blood ~5.5L, plasma ~3L, rbc’'s ~2.5L
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Normal Plasma Value

= % WA 80 — 85 ml/kg % £
2 RFEZE 280 — 300 mOsm
& 3% pH & 7.35-7.45
%%
R BHEL % % (CPK) 41 10-79 U/L
g4 17-148 U/L
F ged & g% (LDH) 40-90 U/L
B4 i f% % (phosphatase) 4 4 1 0.01-0.56 Sigma U/ml
(g% 44)(acid) 74 :0.13-0.63 Sigma U/ml
» R IE
FARLE: L4t 37% — 48%
74 45% -52%
& % 44 1 12-16 g/100 ml
7 4 : 13-18 g/100 ml
itk 4.2 — 5.9 million/mm3
v o IEitEk 5000 — 10000 /mm3 12




Normal Plasma Value

¥ H e g & : 300-1100 ng/100ml
4 4 1 25-90 ng/100ml
E s ”ﬁi}i T 1% (ACTH) 15-70 pg/ml
4 £ ¥k 3% D BAW10ng/ml 2 & § F ¢ 435 ng/ml
LA - 6-26 pU/ml (£ &)
L
TR T 24-30 mmol/l
4 2.1-2.6 mmol/l
£ 3 100-106 mmol/l
& 3.5-5.0 mmol/I
4\ 135-145 mmol/Il
F#AI@EY)
" T B 120-220 mg/100ml
L 70-110 mg/100ml(# &)
FLpe 0.6-1.8 mmol/i
o F(23) 6.0-8.4 g/100ml
Y W 40-150 mg/100ml
ek ¥ 8-25 mg/100ml 13

Fi 3-7 mg/100ml



Functions of Blood Cells

s Transportation

--02, CO2, metabolic wastes,
rod blood cals nutrients, heat & hormones

“*Regulation

--Helps regulate pH through
buffers

--Helps regulate body
temperature

I!!' - --Helps regulate water content
M of cells by interactions with

plat dissolved ions and proteins

plasma

*Protection from disease & l0ss
of blood 14



Types of Blood Cells
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Types of Blood Cells
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Neutrophils | Eosinophils | Basophils
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Hematopoiesis= Blood Cell Formation

»In the embryo (occurs in yolk sac, > In adult (occurs only in red marrow

liver, spleen, thymus, lymph of flat bones like sternum, ribs, skull
nodes & red bone marrow) & pelvis and ends of long bones)
Ba5e ARA
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Hematopoiesis= Blood Cell Formation

Key: y ,. {? Key:
Progenitor cells \I ° - j]/ CFU-E Colony-forming unit-erythrocyte
Precursor cells or "blasts" — CFU-Meg Colony-forming unit-megakaryocyte

Formed elements of circulating blood Pluripotent stem cell cpy.gpm Colony-forming unit-granvlocyte
macrophage
Tissue cells /

- /?t N ""\ I.ymplmidlstem cell
crt-: Cflllnleg l_cru-t;m_‘1 ,I, l

Proerythroblast Megakaryoblast Eosinophilic Basophilic Myeloblast Monoblast T lymphoblast B lymphoblast
1 l myeloblast myeloblast

Nucdleus
ejected

o

Reticulocyte Megakaryocyte

|

v “ p }' Y v
e » © @ ® &

Red blood cell Platelets Eosinophil  Basophil Neutrophil [ Monocyte Tlymphocyte B lymphocyte
(erythrocyte)  (thrombocytes) (T cell) (B cell)

L——— Granular leukocytes I\ L Agranular leukocytes —————!

2
v/

Macrophage Plasma cell
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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 intoB & T
lymphocytes in the lymphatic tissue after leaving the red

marrow
19



Hemopoletic 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

e 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

Surface view

s --1/3 of cell’s weight is hemoglobin

Sectioned view ¢ Biconcave disk 8 microns in diameter
RBC shape --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

-

@m Daad = 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)



Hemoglobln 4Heme+Globin

CH3—

‘ / ——= CHa
‘OOC—CHZ—CH —T ]——(Z:H:CH2
|
H

“00C—CH;~CH,  CH,

(a) Hemoglobin molecule (b) Heme group containing iron (Fe)

¢ Globin protein consisting of 4 polypeptide chains

“»* One heme pigment attached to each polypeptide chain

--Each heme contains an iron ion (Fe*?) that can combine
reversibly with one oxygen molecule

s Enzymes: Glycolytic enzymes & Carbonic anhydrasé




Hemoglobin Molecule
® Molecule = globin + 4 heme groups
--Globin = 4 chains of polypeptides
--Heme = an iron containing group
®Greatly increases O, transport
--98.5% of transported O, is bound to Hb

--1.5% of transported O, Is dissolved In
plasma

®Binding rate: CO >0,>CO,,

®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 §
Dam y




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)

Hemocytoblast |

(stem cell)

L

Proerythroblast

Stimulated by
erythropoietin

Eryth roblast

Normoblast

Nucleus expelled
Reticulocyte

-~ T

—
z)

l

Erythrocytes

?
S

In bone marrow
(myeloid tissue)

Released
into blood



Requirements for RBC Production

®lron
--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

®\/itamin B,
--Necessary for DNA replication, thus cell proliferation
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Feedback Control of RBC Production

1 O, delivery to kidneys

Kidneys

EPO T Erythropoietin secretion

T Plasma erythropoietin

Bone marrow
T Production of erythrocytes

T Blood Hb cbncentration
T Blood O,-carrying capacity

Restoration of O, delivery

*» 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



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
29



Filtering and Destruction of
Erythrocytes

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

® [ron Is recycled for the synthesis of new hemoglobin

® [ron Is transported in the blood bound to transferrin
to the red bone marrow F 4 Fv

® [ron Is stored bound to ferritin in the liver, spleen
and small intestines & ¥~

30



Erythrocyte Life Cycle

. Circulation for about

120 days
@; = » Q @ ‘:— .
OOOO Re?lsetl for U
Ami 3 :
Globin u:ii:l;o protein synthesis Fe™'— Transferrin
—_— Heme | Ferritin 4§ 3-v
P _{ - \ Transferrin

Q ) 4R v Bilirubin
— e i et =
Biliverdin — Bilirubin < () liver

(D Red blood cell

Small

death and il . Erythopoietin

phagocytosis .//\\Kulney o a intestine () Erythropoiesis in
]@ Bilirubin red bone marrow

Macrophage in Urobllm Uro Imogen Bacteria Key:

spleen, liver, or _ in blood

red hone marrow Ste tobllln A R

l i Large () in bil

intestine n bue

Urine Feces
» In macrophages of liver or spleen(After iron removed, heme = Bilirubin)
--Globin portion broken down into amino acids & recycled
--Heme portion split into iron (Fe*®) and biliverdin (green pigment)
»Biliverdin (green) converted to bilirubin (yellow) a1
--Bilirubin secreted by liver into bile



Types of Anemia

Aplastic anemia | Toxic chemicals,
radiation

Hemolytic anemia | Toxic chemicals, Malaria

Iron deficiency | Dietary lack of iron
anemia

Pernicious anemia | Inability to absorb
vitamin B,

Sickle cell disease| Defective gene

Thalassemia Defective gene
Hemorrhagic Bleeding (ulcer)
Renal anemia Kidney disease

> The blood test, hemoglobin Alc(HbAlc#& i+ = & #), can be used

Damaged bone
marrow

RBC destroyed
Hemoglobin deficient

Excess of immature
cells

RBC abnormally shaped

Hemoglobin deficient,
RBC short-lived

Loss of RBCs
EPO deficient

32

to monitor blood glucose levels in diabetics
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Clinical - |
Focus

& If1 (Anemia) Decrease in the oxygen-carrying capacity of blood
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SEMMmEEEM (K 10-5) o
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Nx104 smmamsmess

55 B MCV (fl  MCH BRER

AAARRIEE > 100 32 ~ 35 FERHEEREB, NEBBRZNNNEEYSIE - 7 :
E B#L MNP E [T (megaloblastic anemia) » i ir
AIIMERARZIBERBINEEN » BRBFtEESEERE

£ (myeloproliferative syndrome abnormalities) -
B R IR

IEEHHEMEE T 80~100 32 ~35 HREEEES Y RNEXI -~ SEERFs(ELEI -
BEAREMEE (aplastic anemia) » #E AT IMBRE £ A~

EME (pure red cell aplasia) » BEEEHBITEIISE

R EEREEI < 80 < 32 ol « BRSEIMEEID » mEEE I ~ SaSrl IS
(sideroblastic anemia) » [MENEESENIEERITEMNSE

it I MCV = MBI 8858 (mean cell volume) ; MCH = MBS MAT & & & (mean cell hemoglobin) »

=105 anmmesesEe

M F=E (g/dl) <3 3~ 6~ 9.
BlIHEEE IBEE £E HE e
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WBCs (Leukocytes)

® |_eukocytes (white blood cells) function | n the

LLLLLL

defense of the body
--Immune system | &
--Defend against pathogens i
--ldentify 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
Neutrophil Stream by emlgratlon

Endothelial cell * Some WBCs,

Rolling particularly neutrophils
and macrophages, are
active in phagocytosis
squeezingbetween  %° 1 N€ chemical attraction
g sl of WBCs to a disease or

Key: .. ..
" s, njury site is termed
i Integrins on ChemOtaX|S

neutrophil
36



Neutrophil

Polymorphonuclear leukocytes (PMNs)

Leukocyte
morphology Functions in immunity

= 4)
. J Engulf microorganisms, abnormal cells,
‘ ﬁi;jr

.
Meutrophil

and foreign particles by phagocytosis

Red and blue staining granules

»50-80% of leukocytes
In blood

»Phagocyte

» Circulate in blood 7-
10 hours

»Migrate to tissues for a
few days

> Numbers Increase
during infections

37



Eosinophil

Leukocyte
morphology Functions in immunity

.‘.1 ¥ o Bl 1
[ H)’ Secrete enzymes that kill parasites;
'1. [ # - ...'

contribute to tissue damage in allergic
g -y reactions

Eosinophil

Red staining granules

»1-4% of leukocytes

»Phagocytes (but not main
mechanism of action)

» Release histaminase,
phagocytize antigen-
antibody complexes

» Defend against parasitic
Invaders (e.g., parasitic
Wworms)

» Granules contain toxic
molecules that attack
parasites

38



Basophil

»<1% of leukocytes

»Nonphagocytic
o e — »May defend against
P8 large parasites by
W o releasing toxic
Besptd substances
Blue staining granules » Contribute to allergic
reactions
--Histamine
--Heparin
--5-HT

39



Leukocyte
morphology

Monocyte

l

r

. - =

hMacrophage

& ‘ '
a

Monocyte

Functions in immunity

Secrete cytokines; engulf microorganisms
by phagocytosis

»5% of leukocytes
»Phagocytes

»New monocytes
circulate
INn blood few hours

» Migrate to tissues and
become macrophages

--Wandering
macrophages

--Fixed macrophages

40



Lymphocyte

Leukocyte
morphology Functions in immunity
5 > Plasma cells (mature form of B cells) secrete
antibodies
Helper T cells secrete cytokines that activate
Lymphocyte multiple cell types: cytotoxic T cells secrete

factors that lead to the death of infected
cells and wmaor cells

Mull cells called natural killer cells secrete
factors that lead to the death of infected
cells and tumor cells

*Muarphalegical features shawn are characteristic of preparation with Wright's stain

»30% of

»99% of
cells

leukocytes
Interstitial fluid

» Three types

--B lym
(B ce
--T lym

phocytes
s)

phocytes

(T cells)
--Null cells (NK cells)

41



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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i
Platelets (Thrombocytes)  [&4F

® Platelets are cytoplasmic fragments derived from l
megakaryocytes, also called thrombocytes Platolets

|

® 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 T a2k



Coagulation (clotting) Factors

i 5% EEZ= SEMY  FEEBFEEYD FEZHNH 47 TEEE
| R SEHE (fibrinogen)  FFAHE FAviEiHEER
I EENBES/R (orothrombin)  FHlifE (£ RIMBRES FLAEILES SRMEB{TEF N EES
wEEK) H  BX&h v-VII-XI-XIII-
AR
Il 48 15 A < (tissue factor, PR NIRIER IR ZE A S
TP) : #E#ERIIE (tissue
thromboplastin)
Wi 5B (Ca™) — B ] =
V FIESE (proaccelerin) MIEHIE ~ SIIEE+ Xa FHEEHEC JE Xa
[0/
V| g18E{3= (proconvertin)  BFHEAE (F Xa ERESEE -V B X A X
HEFE K) D (TFPI)
RRILEE 1)
VI Ll EAF ATl e SRINAE + Xa NETE B2 JNEIXa
(antihemophilic factor, K& HIEE
AHF) HE C
T Ca?t ea g ” %%’”P » H A3 > F_Fev ﬁﬁ*
> | Ir]—+(factorlll) FoF et gt HAAGER F]S 3 it e ﬁf» S e
» H ¢ 3 B e FlF el ~ VIS IX s XT3 T REFTERY FK 28




ki EiE==£= SEMZ EZAIEY) =20 FE2I08E

X [EERMERD AHlBE (B Xi+Vila- 8%  FUZEI0ES | B Xa
(olasma thromboplastin - ##EXFE K) REFEEY
component, PTC) ;

HISHE A 5

(Christmas factor)

n Stuart-Prower A= e (5 Vie-l &Y T RINES I FEoRIIEEREED
HEFZE K) v [ Xa-Villa 8 TFP

av

X| MEEFRIMEaIE AT i Xla 51 ol EEZEEHEB BEiXa
(plasma thromboplastin TR TES 1]
antecedent, PTA)

XI| Hageman A< : Z#EE AE BREH & TLEEI06ES | B# Xla
= (contact factor) BEEEYRHE

Xl EEEHEEREF AT AR R B EHEEHEEEREN
(fibrin stabilizing factor) [N/} =
=20 Fs2HR’E AT AR I23& Xlla
(HWMK)
B RIBRIZ VB AT4d AR Xllla TLERINES 1] =# Xlla

(prekallikrein)

it HERA VIR TEECN VA Y ZHERNYE - AlRkze -
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Blood Clotting

Begin

® Hemostasis = stop Vesoel damage
bleeding

® Hemostasis Is a 3-step

Altered endothelial surface
(collagen exposed)

Process: e Platelets
(® Activation and
1. Vascular spasm T e -
(VasoconStriCti On) i Discharge Synthesis of i
2 Formati()n Of platelet : Y of mediators thromboxane A, )
| l | | :
plUg :1__ Ch;r;ical Throm;)/xane A, -—:
3 Bl d | ] mediators
. Blood coagulation
(Formation of fibrin Blood vessels
. ontraction of vascular smooth muscle
t b Contraction of I th I
rotein we
p ) Il Il

Vasoconstriction Platelet plug



Inactive -

- - platelets

P|2 «

1. Vascular Spasm

® Intact endothelium secretes
prostacyclin (PGl,) and NO:
vasodilate and inhibit platelet aggregation, and
CD39: breaks down ADP into AMP and P; to inhibit

platelet aggregation further

® \ascular spasm results from damage to the blood
vessel. The damaged tissue secretes factors (5-HT,
TXA,) 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 *

[ISe—
= >
o

VWF Endothelial cell Collagen CD39



2. Platelet Plug Formation

® 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 Aop
Thromboxane, 4/ — Endothelial cell
Platelet \"' ——
@ - \ o Fibrinogen
) Fibrinogen
(1) Platelet adhesion Granules \ () recepto?'

;Nil:ebrand Platelet Smooth  gi50d
actor plug muscle  oqge)

cell wall



2. Platelet Plug Formation

® Platelets store a lot of chemicals in granules needed for
platelet plug formation
--Alpha granules
v’ Clotting factors
v’ Platelet-derived growth factor (PDGF)

—cause proliferation of vascular endothelial cells,
smooth muscle & fibroblasts to repair damaged vessels

__Dense granUIeS i Surface connected
\/ADP, ATP, Ca+2, Serotonln, microtubules

fibrin-stabilizing factor, & Giycogen
enzymes that produce TXA,

Canalicular system

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

Submembrane
filaments

Trilaminar unit

Dense tubular
membrane

system




Platelet

- (1) Platelet Adhesion

*»Platelets stick to exposed collagen
underlying damaged endothelial cells
In vessel wall

Red blood cgll ~.
Platelet~_

(c) Late stage

Red blood cell

Fibrin threads 0 Platelet adhesion

R 51

(d) Red blood cells trapped
in fibrin threads



(1) Platelet Adhesion

n o FEFE R e % BEFY (glycoprotein) ~ p A
TR R Y fon ffj&von Willebrand F13 (VWF) e g g2

Blood Vessel Damage

|

Exposure of Subendothelium

l

VWF Binds to Collagen Fibers

|

Platelets Bind to VWF

P

Platelet Adhesion Sticky Secretions.,



Platelet

-(2) Platelet Release Reaction

oo **Platelets activated by adhesion (platelet activation)
B < Extend projections to make contact with each other
“*Release TXA, & ADP activating platelets aggregation

“*5-HT, EPI & TXA, are vasoconstrictors decreasing
blood flow through the injured vessel

Red blood cell

Fibrin threads

D 1c00x
(d) Red blood cells trapped
in fibrin threads




Platelet

- (3) Platelet Aggregation

s 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

(c) Late stage

Red blood cell

Fibrin threads

TR 0 Platelet aggregation
1600x 54

(d) Red blood cells trapped
in fibrin threads



Role of Arachidonic Acid In
Platelet Aggregation

Healthy Endothelial Cells Adhered Platelets

Arachidonic Acid/platelets Arachidonic Acid/platelets

l l

Prostacyclin Thromboxane A,
(Prostaglandin 1) (TXA,)
cAMP | & Ca t cAMP 1 & Ca|
Inhibits platelet Stimulates platelet

aggregation aggregation and secretions
55



Blood Clotting = Coagulation

wgd AR B E- AT ES R A A e
¥ ik K 583 42 (clotting cascade)

Intrinsic Pathway

Extrinsic
Pathway
e e .
Inactive X Y v' \\I %
Positive
\é e feedback
Common pathway |5, T

___________________ L — —
: Prothrombin > :
= o
I (a)  p------ I
I I
I . I
: P Inactive XIli I
I I
I I
| Fibrinogen Fibrin | L AL EES BN, -\-r' y ‘ 4 ..,"'j' * e
| (loose \ Fibrin : I
! el (stabilized | | Blood (Fibrin) Clot
| meshwork) |

I




(a) Extrinsic pathway

Tissue trauma

g

Tissue

factor
ATF)

cuii \

(b) Intrinsic pathway

Blood trauma

_I}nmuged

endothelial cells
expose collagen
fibers

\ESE
ey
e |

g

Damaged

platelets

Activated XII

c“2+
'

Activated
platelets

Platelet ‘/
phospholipids |

Y L
Activated X Activated X

v
2

% o
@ e PROTHROMBINASE

() Common
pathway

Prothrombin

(mn . THROMBIN 9

Fibrinogen
m |

Activated XIlI

Loose fibrin —> STRENGTHENED \al

threads
; A

.

5

FIBRIN THREADS

Clotting Cascade

*** Prothrombinase is formed by
either the intrinsic or extrinsic
pathway

~inal common pathway
produces fibrin clot (blood clot)

®

1. Formation of prothrombinase
(prothrombin activator)
2. Conversion of prothrombin (I1)
Into thrombin (11a)
3. Conversion of soluble fibrinogen (1)
Into insoluble fibrin (1a)



Extrinsic & Intrinsic Pathway

Intrinsic pathway

Vessel damage

Exposed collagen

Extrinsic pathway

Vessel damage

Subendothelial cells '

_ exposed to blood

Contact
activation

X|| m—X||a

Xl —'— Xla

Tissue factor |

IX —'— |Xa ~t— X

Activated

VIl - Villa | (28R

Prothrombin

Activated
platelets

", Thrombin

s Extrinsic pathway:

--Fewer steps then intrinsic and
occurs rapidly

--Tissue factor (TF) or
thromboplastin (111 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

Official Designations for Clotting
Table 12-13 Factors, Along with Synonyms More Endothelial cell
Commonly Used
Factor I (fibrinogen) Thrombomodulin
_ (endo. cell receptor)
Factor Ia (fibrin) ¥ ' ’
Factor II (prothrombin) Thrombin
Factor Ila (thrombin) ; N
- _ , Protein C
Factor II1 (tissue factor, tissue thromboplastin)

Factor IV (Ca**) iL

Factors V, VII, VIII, IX, X, XI, XII, and XIII are the inactive

forms of these factors; the active forms add an “a” (e.g., factor ACtIVE‘:HEd
XIIa). There is no factor VI. proteln C L
Platelet factor (PF) D B
Oy
Table 12-14 Actions of Thrombin © [ 11®
. . 4
Procoagulant Cleaves fibrinogen to fibrin Factor Vllla Factor Va
Activates clotting factors X1, VIII, V, and XIII AntlcoaQUIant action

| o In an uninjured vessel, thrombin
Stimulates platelet activation -
_____________________________ bound to thrombomodulin
| Anticoagulant  Activates protein C, which inactivates activates protein C, which blocks
lotting f: VIIIa and V. -
T the clotting response



Role of Vitamin K in Clotting

Liver plays important
Bedgn” indirect roles in clotting

Liver )
Synthesizes Synthesizes \

bile salts clotting factors )

| A

Bile salts |
in bile |

|
/ Gl tract
( Absorbs vitamin K W
Vitamin K |
in blood | s 2
1 C Clotting factors
in blood

.

¢+ Normal clotting requires
adequate vitamin K

--Lipid-soluble vitamin
absorbed if lipids are present

--Absorption slowed if bile
release 1Is insufficient

“* Required for synthesis of 4
clotting factors by hepatocytes

--Factors Il (prothrombin),
VI, IX and X

¢ Produced by bacteria in large
Intestine

¢ Liver disease often have
bleeding problems
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Hemostatic Balance
Coagulation System  Fibrinolytic System

' ! -
Tissue Factor . Blood flow.
| Cell membrane

- ATHI= heparin
f- Prot CiProt SITM
. TEB| |

Fibrinogen Fibrin : ,_ Fibriniolytic pathway.

B T e e T T T e e e e T e
TifiThiA HlI sl A= o SE L [ :T! A I.“_ pie |11 ':_-J. | e ML ey ]| _I,!'. LS

Hypercoagulability Fibrinolysis
(Thrombosis) (Anticoagulant action)
formation of the clot dissolution 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 (PGI,, NO), and
activate protein C (inh. Factor Va and Vllla)

2. Humoral anticoagulant system




Humoral Anticoagulant System
1. Hwgg e =l (antithrombin T, AT 1) ¢

—-x P AT & d "Fwbefod g p 4 o2
A i enPE B-u (432 aa.) o |

- 4 B 3 iF H M v (arginine) & K 2 lla
IXa ~ Xa~ Xla~ Xlla % & d 7]+ SR
Sileph(sering)z A & 0 JEm E D pusg i
(serine protease inhibitor) -

¥ T o AT i 2hy

» R A 3 orRerdr R o e

0 By ivH v 4+ +

Vg
i
'{&I_]: »
(>
P

@]

™ &
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Humoral Anticoagulant System

2. 39 FC & Ve D\
% 3535 % C (protein C, PC) ~ 3 f\ Endothelial cell AJ
v &S (protein S, PS) ~ i w fF 3} &

Thrombomodulin

F=v (thrombomodulin, TM) v 3-¢ [(endo. cell receptor)
7 C Frfld o Thrombin

~PCE - 84 PP e chiad 2 K B
i ¥F {2 o 5?’%3\“ ’—'LFE“”# Y ed

efE A ’\ [ERRERO ,fbl'g{ Poo
- 427 0 thrombing? & 3 Activatea

mR e FaTME & 18 0 PC AR protein C
Biv s w g VaioVilla 2 B i o

PR EEXA B A | B b e B A © O
» Fr|prothrombinsgc s ; .:};L Factor Vllla Factor Va

8 39 % f2(fibrinolysis) o 64



Humoral Anticoagulant System

. iE *%. ¥+ i E e 3 (tissue factor pathway

|nh|b|tor TFPI) :

R - BHAERY A Rd D g Lt S
H_h R w5 adE B 4] 4 (inhibitor of
extrinsic pathways) -

-TFPl 2 & enie* ¥ Xa 2 & » T drd|H B o

- Catt ey T 0 TRP1L &2 Vila-e i 5]+ 45 & +
(Vlla-TF complex).& & » 252 TF-VIla-TFPI-Xa =
R 2 a‘v"?HTFVIIa A o R SR 4
E‘.’% B e AR g eniT R o
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Tissue Factor Pathway Inhibitor
»TFPI is the endogenous (TFP |)

Inhibitor of TF activity
» TFPI binds to FXa and
thereby inhibits TF/FVII

a
activity
Thrombomodulin
+TF Vila - TF Endothelial cells

Protein C_.;
IXa

Inhibited by heparin

Prothrombin | lla_| Thrombin

O Inhibited by oral

anticoagulant drugs m
C) Down-regulated

by protein C,, I la

Fibrinogen Fibrin clot



Humoral Anticoagulant System

4. 3% (heparin) :
-4 — fAps Ak % pE(sulfated glycosaminoglycan) » 2 & d %7 < ‘w72
(mast cell) f+4 4 123k & 2 -
~AFE B g :PJ% ?oen- g e B S 0 T iR e F o
‘IV} o
g 3 FE b 5E (AT ) B &
PH AR sEm#»r’ﬁmepr&_o

N J

¥ & H Zthrombins3 4

ey S P =31 ? N S PR
2 HETFPIZ 2 & Jud i
ot = 1, ., Heparin AT Thrombin
> JEm P e 3 AR o
9% i B 5 B0 7 C (PC)is ;o
4]"_:_". ’ Ii’lJ /%3:.1]’.. ? P\ ﬁ\ ‘{m Hé:r ,F$ -;;gc Penstaesqzl:crl.la;ida

"z 4% % Ja i 1t 4 (plasminogen activator) » 14 3% 5 4 2 g 73 2 o
3 FE AFRL P W OIT ALY B A o 67




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

) TFFPI

J A

HEPARIN
e 1000 Thrombomodulin
et £ @+TF Vila - TE Endothelial cells

s Ty Xla Protein C.,

»Heparin, acting in the blood, directly
activates anticlotting factors
(antithrombin 111)

»Heparin inactivates the factor Ila, Xa
and IXa

Inhibited by heparin
O Inhibited by oral
anticoagulant drugs

C) Down-requlated
by protein C,,

Prothrombin

Fibrinogen Fibrin clot



Anticlotting Roles
? of Endothelial Cells

Action

Normally provide an_intact barrier between the blood
and subendothelial connective tissue

Synthesize and release PGI,; and nitric oxide

Secrete tissue factor pathway inhibitor (TFP |)

Bind thrombin (via thrombomodulin), which then
activates protein C

Display heparin molecules on the surfaces of their
plasma membranes

Secrete tissue plasminogen activator (t— PA)

Result

Platelet aggregation and the formation of tissue factor—factor VIla

complexes are not triggered. (EXtrinSiC pathwayS)
These inhibit platelet activation and aggregation.

This inhibits the ability of tissue factor—factor VIla complexes to
generate factor Xa.

Active protein C inactivates clotting factors VIIIa and Va.

Heparin binds antithrombin I11, and this molecule then inactivates
thrombin and several other clotting factors.

Tissue plasminogen activator catalyzes the formation of plasmin,
which dissolves clots.
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Fibrinolytic System

(Hemostatic Control Mechanisms)

Tissue plasminogen activator (t-PA)
Urokinase plasminogen activator (uPA)
Kallikrein jgc?~ 8 iz fi=

Factor X1l (Hageman factor)

Plasminogen activators
Plasminogen
> Plasmin
Fibrin

Soluble fibrin fragments

* Plasmin (fibrinolysin) iIs 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




Plasminogen Activators

» "T gk 8 A pE (Kallikrein) «F > 5 k92 %_} B 7%
# (plasminogen activators) » A f@fk F A g *

KOIEE 0 BLR fEdovk o #ig rER o

PEIT AT I RRPN G o B EN-fAp FLp
i g R R RF T4 (tissue
plasmlnogen activators » t-PA) » © &84 g 2
FlE@EI mpF P T RE AP o

> 483% 7 /}iﬁ# (streptokinase » SK) » — #& % #X 1w
fﬁﬁ 'f’” » A - T R LY jf;—% o v& fL
 (PA) -

» SK Feot- PAY ;1 &3] 48 I/iﬂi‘ R B F B
(oo BL)FE 3= ek B 7% o '? oo
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Activator and Inhibitor of
Fibrinolytic System

Plasminogen

Activation Inhibition

Various stimuli
Plasminogen activator inhibitor

(PAl)/endo. cell: inh. t-PA
Blood — Blood <) | «—(=)— Antiactivators

proactivator activator
Used in thrombolytic ~ PA urokinase () “_@"”‘“"";’;i'ipm'“
therapy (activator of Streptokinase Useful in some
fibrinolysis) >_, Activator| <+ b_Iee_di_ng diso_rde_rs |

(inhibitor of fibrinolysis)
Proactivator Y . e
\ . y Plasmin | <—(—)— ay-antiplasmin/liver
Anistreplase
Degradation Thrombin Fibrin split

products -€— Fibrinogen —— Fibrin — products



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 TXA, &
reduces inappropriate clot formation (anticoagulant)

--Strokes, transient ischemic attacks (TIAs=mini stroke) and
myocardial infarctions

--High dose aspirin blocks synthesis of PGI, (clot formatic;g)




Thrombus Formation in Damaged
Vascular Wall

»Platelet membrane receptors include the > GP Ib receptor, binding von Willebrand
glycoprotein (GP) la receptor, binding to  factor (vWF), and GP I1b/Illa, which binds

collagen (C) fibrinogen and other macromolecules

Wall defect

L/EfJ

PGlo

Intrinsic Extrinsic

Xa

/G)\

(q’ Fibrinogen 74



Anticoagulants and Thrombolytic Agents

“» Anticoagulants suppress or prevent blood
clotting
--Heparin (present in blood)

» Binds antithrombin 11 (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*?

“* Thrombolytic agents are injected to dissolve
clots
--Directly or indirectly activate plasminogen
--Streptokinase (SK) or tissue plasminogen activator (t-PA)




| MAROECRALERSZER

B ERRF 2 5t
e ot 1 R J o ) epinephrine collagen &E 1M K7

M_O_> ﬁ, D thrombin
*X.’é U platelet o ) ks g
clopidogrel ~ N T W 1
ticlodipine e ' | rexeplors

[¥/5 i 4% 2 47)

thrombin receptor

ORIl e

arachidonic

; ey $7 UL R

cyclo-
— e )
_ GIEAR- & )

o P AT #61) 71
thromboxane

thromboxane
synthetase S imtlrl‘:!t::se
A5 e F Fe 5
25 2 [H 2w
thromboxane
receptor
blockers

fZ5Z 28 ligand
BC{I#E  receptors } GPIb-IXa GPIIb-Ila

}
o)

ﬁbnnogen HEHETR A

adhesion to platelet
aggregation [T/ M52 £

g B ZE HE I collagen
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Clotting Disorders and
Anticoagulants

i
EFN A=t

(acquired clotting disorders)

Se AR B REE
(inherited clotting disorders)

3 %% 0 7 (anticoagulants)
P HffUCEE (aspirin)

7% ©.Z (coumarin)

fT-5& (heparin)

REBI MR ET (citrate)

&
i Z A4 K

A BIMAYE (88 VI anr KI5k FE)

IEHEATRATE SO (BB VIywe K T-BREE)

B #I|I & 9% (BETLIAFlkbe) » Homi Ry e I RS
H¥7E (Christmas disease)

HIHIATY IR L - HEU/ MBS E A 2
HIHHEAF K S

I BE L A vE 14

EAGERE RGO - DRI SRR 22 B A RS I

& A
P gk G5 L1 g e R LAt e L XL 7~ HO T AN JE

X St iE AT RS MEREL  AERR MG H Y
729

i G ORI B ME R AR 5 REDIZ 4RI
AN FUNE YNV i N i e 4=

X RS ATET IR R ARG kR
HEIE
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Clinical Application:
|_eeches and Bloodleting

® |eeches have been used for bloodletting
since the age of Hippocrates. Surgeons have
currently used medicinal leeches (Hirudo
medicinalis) to prevent thrombosis and jadd |
increase blood flow in treatments of \\\\\\\\\\“‘“ b "“f // |
ischemia, pain and inflammation \\

® |_eech saliva contains an anesthetic , a
vasodilator, and an anticoagulant

-~

® 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 -



> B R (agglutinogen) e B 4 B jdt
B R R R Y A2 PR TR

, 5 . > >#E & % (agglutinin) E_i &R 8 R 3 4 4
. ;"' A ‘.—— m \al 2 S ’
SE L R AR e 3l B F RenpuRl(y 3k v )

I # M #R BRI 1M & [l 9 2 B FRE
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Typing Blood

® Single drops of blood
are mixed with
different antisera

® Agglutination with
an antisera indicates
the presence of that
antigen on the RBC

Untreated blood

Anti-A serum

Treated with
anti-A serum

Anti-B serum

—

Treated with
anti-B serum

Blood type




Blood Transfusion

1. ’&_ﬁi%]ﬂ- EIRE R i O UF g SR RGN - R
o *'ﬁ . AP oo

2. % =% /']IL s S R R Ofe iR Sk (cross match test) o
v gz ABO o Al endr Al ~ Rh 2 Al 2 2 F# Rh 3=
v 5

B "‘é?”’ﬁ%iﬁf@o

pad

2 LA —~ é\»(._'gﬁ‘*ﬂ‘) P\?'EE":%‘

i
B g ¥y ,73‘—,3 & (X & fe ) eridsk o

c F Dl IR X D F i
{ 1

T

n.

R ’ + ’ 2 ’

X o g AT o IR
[

1=

A2 X B #T Al e

ReiER BS54 2
FERCE N EBACHEY
=S =S =i p =il
BREEE ANERE A= RO BRI
TEEE B EAIEE F%LT%M’

BEZERE » oJSExRIE - DEHl
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Blood Component Therapy in Blood Transfusion
O L SN AN Y
ArBHRABERAR NS
FRIFARBE FHGL 07 b § REFRL

> 3%

FRRHEGLE ARG L FERTEL R A
2

>k P ERL R E T b [ R

> &R O3l (RABIRR)THEAL B -

AB 3| O Fleht » L5 20 e F o
B Al (& #A ~ FBFA) A THRFXAA ~BA ~ ABA£0
A o fEE 2R L EF
PEEE RS AP BV RE A e P B fRA L 57
J




—l < 10-10 ABO MELEFHRE

A B AB @)
A A, O A, B, AB, O A, B, AB A, O
B A, B, AB, O B, O A, B, AB B, O
AB A, B, AB A, B, AB A, B, AB A B
O A O 8 O A, B 0
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Antibodies of ABO Blood Types
® L ABO & Alfih &4 ¥ 984 4 #  hABO
ftkrﬂ#wp ’a@fﬁ» ek TRAEE hpE Ty

A4 L X RFA e L& Fr

"A&Diiﬁ‘iﬁfﬁﬁﬂo
~ABO & | fM il 4 15 2~8 B 7 B4nA 4 0 8~10 &

X AR B IOM o A F B X o A il B o T
BB A7 & > 2 R g Rt n IR AR
L -

--ﬁﬁ#‘u@a4 WEXp LI L3 el fIhis A D
Rl o v A 1gG ko A F , e g '

BeTMe
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Erythroblastosis Fetalis

> Antigen was discovered in blood of
Rhesus monkey (Rh blood group)

First pregancy

REBEE

FEERRhEEPERDIMER

ROBBMEALINER |

¢ People with Rh agglutinogens on
AR | RBC surface are Rh*. Normal
. plasma contains no anti-Rh Ab

RHRRhEEMERLMER

» Antibodies develop only in Rh-
iRASH blood type & only with exposure to
the antigen
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Between pregancies
--Transfusion of positive blood

o --During a pregnancy with a
| positive blood type fetus
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¢ Transfusion reaction upon 2nd
exposure to the antigen results in
hemolysis of the RBCs in the
donated blood

Ha U RhEF MERL M ER
YRR G 1 B

FLIMERAE Y < JAS
Hemolytic Disease \WSEE==aSSy
of the Newborn

(HDN) — cecond pregancy o6



_l 3 10-13 ABO [MA!E2 Rh MAAIELER

LEEIEE ABO M7 Rh INZAY
Mmzso2 PO : A~B~AB~ O mE : Rh 51T ~ Rh [21%
R A B HAR D E~C-c e iR
MBI R IATLEE B il
1 B TV IgM > RASEBIE R RS I9G » BEEBIAE
AEELL A~B O E#I30% » AB # 10% Rh B2 147 99% ~ Rh IZ1E47 1%
B0 52 8 SH R (TIENEMIEIE) 3418 (EEEERE)
A0 BEEN: AR - NEESESENN BES BREllREHFEE RS
=SRAEM - LUNRERE HHRIENIIEN AL » LIS EALFRILAE
ES
> &R B F >&@ﬁ%iﬁﬁiﬁ%:
"iﬂ;;ﬁ éﬁ;‘iﬂ‘ﬂ 4 ] pEpog 2 - ﬂ :«jﬂﬂ,‘ F S gl
IS o m//ﬁ_n_ ©
__"jqjﬁg§~{g%\pi?ouv§?ul ~ vE R TF] __#; % 3% ?7‘1&\};’@? %?*B_
B M B s SRR R * % s (jaundice) ~ i P4
+ & fi(hematuria) ~ & 2% % & %2 Sk o ’
* g ~ 5 LN AR L deaTd

203 s 1A o
[



