2/22/2024

griull bl Ads
Faculty of Medicine

Hematopoietic System-2024

Physiology Lectures (L1-L6)

Presented by:
Dr.Shaimaa Nasr Amin
Professor of Medical Physiology

Pulmonary
capillaries

Arterioles  Venules)

Pulmonary
artery

Pulmonary
veins

Aorta
(major
systemic
artery)

Systemic circulation
Systemic
capillaries

o

Wass oy
S vonules Arterioles
' 2 ‘
_‘ == ‘ Smaller arteries

S
e branching off
D—P

to supply
various tissues

Dr.Shaimaa N.Amin, HLS, 2024




2/22/2024

Functions of blood

1 - Transport.
2 — Immune Function

3 — Haemostasis [ Stoppage of bleeding ]

4 — Homeostasis [ Keeping body environment constant ].
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COMPOSITION OF BLOOD

|
|

[

PLASMA (55%)

|
[ |

90% WATER 9% SOLIDS

ORGANIC:
plasma proteins
S OlUCOSE, amino acids,
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Vitamins, hormones
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Na, CI, HCO3
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Withdraw .
=
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blood
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White blood cells
and platelets (<1%)
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Red blood cells (45%)
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Plasma (55%)

Composition of Plasma

» Protein
(7%} Albumin : 54%
Globulin : 38%
Fibrinogen : 7%
Others : 1%

=== Sjtes of Formation??

v Water

(92%)
Electrolytes
Nutrients
Waste products
Regulatory-
substances
—> | = A
Other solutes (1%)
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A/G Ratio

e 1.5t02.5:1 Albumins I
e Decrease in:

* Liver disease

* Renal disease
* |Infections
 |Inflammations
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Functions of plasma proteins

55%; colloid osmotic pressure or oncotic pressure;
lipid, steroid, and hormone transport
antioxidant protein (binds metals and

reacts with ROS)

38%; transport ions, hormones,
— and immune function (y-globulins)

Globulins

Fibrinogen (7%); clotting
Regulatory Proteins (< 1%); protease inhibitors,
enzymes, hormones

\
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Factors controlling fluid filtration across
capillary walls

Movement of fluids

across capillary walls :
depends on the balance Starling forces
of starling forces acting Forces that control the movement of fluid infout
across the capillary walls. of the capillary
i s -
: Hydrostatic pressure P i : Colloid osmotic(oncotic)
S — : H pressuren

The osmotic pressure created by

The pressure exerted by blood (water) on the non-diffusible plasma
the walls of the blood vessel. (especially o P
albumin > inside the blood vessel.

[ pushes fluid oursioE

Pulls fluid INSIDE.
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Functions of plasma proteins

Buffer function

include include
i Carbonic
Phosphate Riaten acid-
buffer & bicarbonate
ystems,
system including buffer
system

oW "-»\\-.\ o
Hemoglobin [~ | Plasihal
buffer acid e
system .'-'Uj buffers g ffors.
(RECs only) | 7] (all proteins) L

=2

CYTOPLASM @
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Functions of plasma proteins
Blood viscosity

Viscosity is a fluid’s resistance to flow or deformation.

PUSHING
FORCE MOTION
_— —_—

———
—
FRICTION

o

WATER OIL HONEY

Low MEDIUM HIGH
VISCOSITY VISCOSITY VISCOSITY
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Functions of plasma proteins

Capillary functions
* Plasma proteins

capillary permeability.

closes capillary pores ———maintains

Capillary Pores

Endothelial cell

-~ Interstitial fluid -
T

Water-filled pore

=~ .
= Plasma proteins
generally cannot

b 2
Plasma R cross the capillary ¢ v
’ / Plasma® © el Epithelial
L)
X / Prohins.? Plasma czll

Lipid-soluble / membrane

substances TR I i

pass through the Cytoplasm

endothelial cells

e,
- ' 2 COp o
e S e, ®
_:.' Nat, K, glucose, =
\ HIH q:m:ng.acids proteins are

s moved across .
=% by vesicular
Small, water-soluble transport Interstitial = Bulk Flow

substances pass E F Iui d
through the pores
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Functions of plasma proteins

Source of amino acids

Tissue cells Liver cells
(o Q
S i

4 Proteins * Amino =

\_ Amino acids / acids ' roteins.

-~
@ Amirlm atids / Plasmatroteins
NG p

o

| Imbibed plasma protein
A S

Reﬁculoendolhelia] cell.
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RED BLOOD CORPUSCLES
RBCs
“ERYTHROCYTES”

Erythrocytes (RBCs) count

Adult males: 4.5-6 million/mm3.
Adult females:  4-5.5 millions/mm?3.
Infants: higher RBCs count than adults.
Children: lower RBCs count than adults.
In old age: RBCs count decreases.

Dr.Shaimaa N.Amin, HLS, 2024
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RBCs HAVE A BICONCAVE SHAPE
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Schematic diagram showing ultra structure of red
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Isotonic

Hypertonic

Hypotonic
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Venous Blood

]
O %BBI ORIDE SLWFT

A I 2\ J
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- : — —— toptey
Centrifuge

Withdraws

blood /

Plasma (55%) ——

White blood cells
and platelets (<1%)

Red blood cells (45%)

FADAM.
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Characteristics of human red cells.

Hematocrit (Hct) (%) 47 42
Red blood cells (RBC) (10%/pL) 5.4 48
Hemoglobin (Hb) (g/dL) 16 14
Mean corpuscular volume (MCV) (fL) ___Hetx10 87 87

~ RBC (10%/pL)

r

Mean corpuscular hemoglobin (MCH) (pg) ___Hbx10 29 29

~ RBC (10%/uL)
< Mean corpuscular hemoglobin concentration _ Hbx100 34 34

C (MCHC) (g/dL) Hct
\’ RBCs Indices (reflect the functional
characteristics of RBCs)

\
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Hemoglobin (Hb)
Structure of Hemoglobin

HaC  CHaCH2COOH

HaC=CH CHg3
Polypeptide
chain
(a) Hemoglobin (b} Iron-containing heme group

Dr.Shaimaa N.Amin, HLS, 2024
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1 - Oxygenation

Oxygen

Erythrocyte Hemoglobin

@b+ e0:=HbO. @e

Oxyhemoglobin

N

Arterial blood - bright red

Reactions of Hemoglobin

Hb, + O, 2 Hb,0,
Hb,0,+ 0, 2 HbO,
Hb,0, + O, 2 Hb,0,
Hb,0, + O, 2 Hb,0,

Dr.Shaimaa N.Amin, HLS, 2024
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https://www.youtube.com/watch?v=XxEIVpgNUFOQ
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Left shift
Decreased temperature
100 = Decreased 2,3-DPG

Decreased H+ o
90 =
80 =
70
60 = 1/ Right shift

/' (reduced affinity)
Increased temperature
Increased 2,3-DPG
Increased H+

50 =

40 =

30 =

20 =

Oxyhaemoglobin (% saturation)

10 =

| ] | ] L] | | ] | | L}
0 10 20 30 40 50 60 70 80 90 100

Partial pressure of oxygen (mmHg)
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Reactions of Hemoglobin
2 — With CO2

Tissue cell

Tissue { Cellular c02®
Pc 0.5 45 mml-lg/-—/
. \.Q

Plasma Red blood cell Capillary wall

Dr.Shaimaa N.Amin, HLS, 2024
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Reactions of Hemoglobin
3 — With CO (Carbon Monoxide)

Carbon monoxide

Hemoglobin

@Hb+eCco=HbcO @e

Carboxyhemoglobin
(stable compound)

Carboxyhemoglobin cannot carry oxygen and carbon dioxide

Dr.Shaimaa N.Amin, HLS, 2024
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Reactions of Hemoglobin

2 — With strong oxidizing agents

Hemoglobin MetHb

Free radicals

NADPH - MetHb
W

Dr.Shaimaa N.Amin, HLS, 2024
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Types of Hemoglobin: 100
‘l ‘ © “- -
£
=z 50}
HbA HbF HbA, 3
Red Blood G,:Eucgse ;;3 Adult
Cells e m hemoglobin
HbA1c 0
é O, pressure
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Functions of RBCs
1 — Functions of Hb

- 02 transport from the lungs to tissues.

- Co2 transport from the tissues to the lungs.

- Buffer function

2 - Functions of RBCs membrane

Keeps Hb inside RBCs.
Hazards of free Hb???

Dr.Shaimaa N.Amin, HLS, 2024

29

2 Circulation for
.

RED BLOOD CELL LIFE CYCLE

Phagocytosisin

4 Heme Components
®  Liverand Spleen * of Blood are Recycled

5 Fe3* Transported by
L Transferrin

About 120 days

Hemeoglobin
Globin Heme
Protein metabolism Protoporphyrin Iron
Carried by
transferrin
in blood to
bile pigments (bilirubin) liver bone marrow
stored as ferritin ~ for synthesis of
new RBCs

Dr.Shaimaa N.Amin, HLS, 2024
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Erythropoiesis SITES OF ERYTHROPOIESIS
Middle Trln!eiter Last Trimester
Defi n itiO n: of Gestation After Birth
Liver Red bone
It is the process of formation $pleen marrow
of new erythrocytes. Lymph Nodes P

p ;

l[ o

$ -
e
-—. Y

1s
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After 20

Membranous bones:

Vertebrae

31

In adult males

In newborns
In children

In adult females :

: 4.5-6 (average 5.2) millions per cu mm

of blood
4-5.5 (average 4.7) millions per cu mm
of blood

: 6—8 millions per cu mm of blood
: 3=5 millions per cu mm of blood

Dr.Shaimaa N.Amin, HLS, 2024
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Erythrapoetin

Bone Marrow

Eryvthropoiesis

focws

AFel
L=

Circulation

1
1
1

-1

-

S
1
|

1 Dovelopiment (days)

loss of
nucleus

e
) ."" .Emhrocyle

Reticulocyte
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Hematopoieti
growth factars

T

#

/ GM-GSF (granuiocyte
Vi , ~monocyles colony
/o /| stimulating factor)

/.
M-CSF i
X EPO i

X Other factors:

| elnterferone, 5, and

= Leukemia inhibiting
\ factor

» Oncostatin

« Transtorming growth
factor «

# Insulin-like growth
factor

» Fik ligand, vascular
endothelial factor

¥

—

Dr.Shaimaa N.Amin, HLS, 2024

34



2/22/2024

Erythropoietin Mechanism

/m,
ba/ahc
e Start
( Normal blood oxygen levels _)

V/
'hba /. e"c l
e

Increases
0,-carrying
ability of blood

Reduces O,
levels in blood

.\ { & Ewthropmetm Kidney (and liver to a
stimulates red
J smaller extent) releases

Enhanced
bone marrow erythropoietin

erythropoiesis
increases RBC |
count \
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Factors Affecting Erythropoiesis:
1-Oxygen Supply to the Tissues:

Release of
erythropoietin
(EPO)

Increased
mitotic rate ¢\

| @ @
Accelerated| Erythroblasts

maturation / \ / \

o\

D
P

BI006\
@OOLY

Reticulocytes

©
ﬁ:'fsz;;:id " @(g@é%y

content

of blood
Increased numbers
of circulating RBCs
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Factors Affecting Erythropoiesis:

(2)Diet:

A) Iron

B) Vitamin B 12
C) Folic acid
D) Vitamin C

E) Copper and Cobalt

Dr.Shaimaa N.Amin, HLS, 2024
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(@ Mixture of Fe?* and

Remaining transferrin is distributed
Fe?* is ingested

to other organs where Fe?* is used
to make hemoglobin, myoglobin, etc.

@ Fe?* binds to

apoferritin @ Stomach acid

to be stored converts Fe3*
as ferritin to Fe?*
Gastroferritin

@ In liver, some transferrin

releases Fe?" for storage @ Fe** binds to

gastroferritin

Fe2* binds to transferrin Fe?* to small intestine and

@ In blood plasma, Transferrin ———a - | @ Gastroferritin transports
f releases it for absorption

Dr.Shaimaa N.Amin, HLS, 2024
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Iron absorption

. Enterocyte
Apical Baso-L
Fe3* > 'i .I
) Reductase /
Fe2* Ferroportin |
S > Fe2+
= DMT1
ﬁo Ferrioxidase

Heme Heme

~J HCP1

39

Requlation of iron absorption

Enterocyte

40
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Reduce iron release
from stores

hepcidin

reduced
iron absorption

Dr.Shaimaa N.Amin, HLS, 2024

macrophage
Liver, intestine

Other stores

enterocyte

41

Factors affecting hepcidin secretion

i S

Bone marrow

Red blood cells

\.A@p

Reticuloendothellal
macrophage

Dr.Shaimaa N.Amin, HLS, 2024

Hypoxia o
epo | X @

hepckhn

++ jron
Inflammation

B,
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CAUSES OF IRON DEFICIENCY

Cause

Disease or Condition

Increased demand  Infancy and childhood

Inadequate intake

Pregnancy
Dietary deficiency

Impaired absorption Sprue

Increased loss

Diarrhea
Gastrectomy

Gastrointestinal bleeding
Heavy menstrual bleeding
Aspirin intake

Dr.Shaimaa N.Amin, HLS, 2024
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blast
Proerythroblas Peniidist

Folic acid ——, /
s QN

Iron Bilirubin
\\\ P e
Vitamin B|2 \\\ //,
\\\ ///
Y
Mature erythrocyte Breakdown of
erythrocytes
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Vitamin B12 & folic acid

* Synthesis of DNA (thymidine P3)
* Deficiency:

-- RBCs division & maturation
- large fragile RBC
- anemia

45

Vit. B12 (Cyanocobalamine,
Maturation F, Extrinsic F)

* Sources?

* Daily requirements?
 Storage?
 Deficiency?

Failure of absorption

(not diet) except in vegetarians.

Dr.Shaimaa N.Amin, HLS, 2024
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Transcobalamin Il \

Mesentaric

VEins

f\.l"ltamin Bz (cobalamin)

Vit.B12 Absorption

Intrinsic factor (IF}

Byz-transcobalamin
comple:
2 ’;I Stomach

/ L =
¢ i

N Parietal cell
|
! IF recapior

Epithelial cells
of terminal flewnm

Ermes
Dr.Shaima! :;gils,zom
L

N.
o

Heurm
Epithelial celis

47

e Sources?

* Deficiency?
»-- Diet

»-- Absorption
» Drugs

Dr.Shaimaa N.Amin, HLS, 2024
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Factors Affecting Erythropoiesis:

(3) Hormones

(4) Healthy Liver and Bone Marrow:

Dr.Shaimaa N.Amin, HLS, 2024
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Proerythroblast § )
&R |
Y ()~
f R
Basophil | @/ \‘
erythroblast e/ /
( {4
A 4 T
\

.
P h hil
oychromatoptil | @B
¥

Orthochromatic (@\‘
erythroblast \\g,/

Y B
Reticulocyte @
1

Erythrocytes
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Table 1 Age-specific blood cell indexes

Hemoglobin g/dL Hematocrit (%) MCV, pm? () MCHC g/dL fg/1) Reticwlocytes
fg/)
. 26-30weeks' 13.4(134) 415(0.42) 1182(1182) 37.9(379) -
gestation®
+ 28 weeks' gestation 145 (145) 45 (0.45) 120(120) 31.0(310) (51010)
+ 32 weeks' gestation 15.0(150) 47 (0.47) 118(118) 32.0(320) (Bro10)
« Term' (cord) 165 (165) 51(051) 108(108) 33.0(330) Bra7)
- 1-3days 185 (185) 56 (0.56) 108(108) 33.0(330) (1.846)
+ 2weeks 165 (166) 53 (0.53) 105(105) 314(314)
+ Tmonth 139(139) 44 (0.44) 101 {101) 31.8(318) 0.1-17)
« 2months 12112 35(035) 95 (95) 31.8(318)
+ 6months 126 (126) 36(036) 76 (76) 35.0(350) 07-23)
+ 6months-2 years 120(120) 35(036) 78(78) 33.0(330)
« 2-Gyears 125(125) 37(0037) 81(31) 34.0(340) @5-10)
+ 6-12years 135(135) 40 (0.40) 86 (85) 34.0(340) (@5-1.0)
< 12-18years
- Male 145 (145) 43 (0.43) 88 (88) 34.0(340) (05-1.0)
- Female 140 (140) 41 (0.41) 90 (90) 34.0(340) (05-10)
+  Adult
- Male 155(155) 47 (047) 90 (90) 34.0(340) (08-25)
- Female 14.0 (140) 41 (0.41) 90 (90) 34.0(340) (0.8-4.1)
Abbreviations:
MCV: Mean corpuscular volume; MCHC: Mean corg lar b qglob

*  Values are from fetal samplings.

t  Less than one month, capillary hemoglobin exceeds venous: 1 hour—3.6 gm difference; 5 days—2.2 gm difference; 3 weeks—1.1
am difference. Adapted with permission from Siberry GK, Lannone R, Eds. The Harriet Lane handbook: a manual for pediatric house
officers, 15th edn. St Louks: Mosby, 2000.

Dr.Shaimaa N.Amin, HLS, 2024
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ABO Blood Group System

0000

AB

Dr.Shaimaa N.Amin, HLS, 2024
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Blood Typing

Group A Group B Group AB Group O
Red blood
cell type
~/ |y ks Sl

AL [ il Nl
Antibodies P = e Tl
§ N— VA /A -
in plasma 43 A AR L)

Anti-B Anti-A None Anti-A and Anti-B
Antigens in
red blood ? t "
cell A antigen B antigen Aand B None

antigens

Dr.Shaimaa N.Amin, HLS, 2024

53

Blood Transfusion

* O: universal donor

* AB: universal recipient e

N

N

Dr.Shaimaa N.Amin, HLS, 2024
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Rh Factor

+ Athird antigen determines the Rh factor
- ltis called D

* A person with the D antigen is “positive”

* A person without the D antigen is
‘negative”

A antigen ==

B antigen -— Rh antigen

Dr.Shaimaa N.Amin, HLS, 2024
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Type B

Type AB

Red cell agglutination in incompatible

plasma.

Dr.Shaimaa N.Amin, HLS, 2024
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Erythroblastosis Fetalis

15t pregnancy

R egative— — 4
blood cell 7k o Rh negative / A) 4
\ ol 7 © O
< | D
M ostle ——— o | . ‘
e 27/

57

Treatment

Administration of Rhogam (antibodies
to Rh + cells) to mother just after
delivery of the first child

~ g
Jeg

—

Rhogam neutralises Rh+ cells thus preventing
the production of anti-RH+ antibodies

Can 1% baby get erythroblastosis
fetalis

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024
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Importance of blood group determination

1. Incompatibility reactions
Antigens on donor’s RBCs +  Antibodies in recipient’s
\ plasma

RBC Agglutinatio

lﬁ_éjﬁmps

1A% hacnfdl}éis< release of Hb

Histamine 9\"Shock may block
Toxins > VC ™. blood vessels

and Jaundice Viscosity %nal fz:ﬁure

g 1 K= arrhythmia

‘DEATH’

Dr.Shaimaa N.Amin, HLS, 2024
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Importance of blood group determination

Donor’s Blood Patient’s blood

Patient’s Plasma + Donor’s RBCs = Major Cross-Match

Donor’s Plasma + Patient’s RBCs = Minor Cross-Match

Dr.Shaimaa N.Amin, HLS, 2024
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Anaemia???
Types of anemia
Microcytic Macrocytic
hypochr. (megaloblastic)
BI| Small Large
?? ?
o ® |

Dr.Shaimaa N.Amin, HLS, 2024
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Pernicious Anemia

Normal Pernicious Anemia

63

Hemolysis
Intrinsic disorders Extrinsic disorders

Hereditary spherocytosis  Erythroblastosis fetalis

-- G-6-PD enzyme Infections

Sickle cell anemia Snake venom
Poisons

c/p

Jaundice

++ reticulocyte count

64
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Increased tissue
perfusion

Effect of anaemia

Reduction in Hb

Tissue hypoxia (potential at rest —

significant on exertion)
Compensatory changes

Circulatory Biochemical Marrow
Heart rate Dilatation of Increased content Hyperplasia —
and output + arterioles and of 2, 3 diphospho- an attempt to
increased increased rate glycerate (DPG) in correct the red
of circulation red cells cell deficit
effected by
increased

Affinity of Hb for erythropoietin
O, reduced in production
peripheral

circulation

Easier transfer
to tissues

S

Absence of
sympton@ésél”ﬂéiw-m“mr HLS, 2024
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Plasma:
- Water, proteins,
nutrients, hormones,
etc.

Buffy coat:
- White blood cells,
platelets

Hematocrit:
- Red blood cells

Polycythemia

1l

I
'

Normal Blood:

Polycythemia:

Q@ 37%—47% hematocrit Elevated
O 42%—-52% hematocrit hematocrit %

Dr.Shaimaa N.Amin, HLS, 2024
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Polycythemia

Polycythaemia

1
|

Dr.Shaimaa N.Amin, HLS, 2024
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Hemostasis and Blood Coagulation

Dr.Shaimaa N.Amin, HLS, 2024

68



2/22/2024

Platelets

wt

Lymphoid
stem cell

Pluripotent
hematopoietic

-

Myeloid
stem cell

/|

e

N

-

Lymphocyte

—— —
: ®
‘ * Erythrocyte
4 0 — ' :':
/ - Neu-trophil
\ ﬂ —— \9
Monocyte
a{ —_— g, —
Eosinophil
w— @ —
} Basophil
-
@— vV -
. v’:t';':i F Platelets
Megakaryocyte
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Surface connocted
microtubules

Trilaminar un:t

system membrang

Canalicutar system

Adhesive proteins
+ Fibrinogen

« Fibronectin

Thrombospondin

“Growh factors
- PDGF

« TGF-B

« Fibronectin

« Platelet factor 4

* Thrombospondin

G en i ("Coagulation factors )
lycog Mitochondria Coagulation factors
- Fibrinogen
* Factor V i
w-Granules -~} Microtubules \-Factor’iX )
Dense Submembrane
granule filaments

Dr.Shaimaa N.Amin, HLS, 2024

« VWF ]

Gpllb-llla

Gplb-IX

Dense bodies
« ADP
- ATP

+ Serotonin
* Calcium

70
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Hemostasis

%i

2. Platelets : p|ug

3. Fibrin clot forms

4- DiSSOIVG clot Dr.Shaimaa N.Amin, HLS, 2024
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N IVI C Vasoconstriction
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Collagen
g GPIb-IX  vWF

Secondary hemostatic plug

73

Why platelets adhere only to injured
endoth.?

g Platelet
naothielia
LA

EE"I
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Platelets Plug: Adhesion

75

Platelets Plug: Activation

Dr.Shaimaa N.Amin, HLS, 2024
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Thrombospondin
Fibrinogen

Factor V, VIII r

PDGF 2

Thromboxane A2

. E gl .
werny IR 4 e
| F R oy

vWF

Platelet adhesion Platelet aggregation
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Platelet — (&) — LU a L UVAE

@ @ & L%m-phlh |

Inhibits platelet
aggregation

@ Platelets adhere to B) Activated platelets These chemical O Newly activated platelets B Normal (uninjured)

E and are aclivaled by release ADP and messengers work aggregate onlo growing endothelium releases

i atthe Ay together to aclivate other  platelet plug and release even  prostacyclin and nitric oxide,

! sile of vessel injury. platelets passing by. more platelet-attracting which inhibit platelet
chemicals. aggregation, so platelet plug

' is confined to site of injury.
» FIGURE 10-11 Formation of a platelet plug. Platelets aggregate at a vessel defect through a positive-feedback mechanism involving the release of adenosine
(ADP) and A, from platelets, which stick to exposed collagen at the site of the injury. Platelets are prevented from aggregating at the
adjacent normal vessel lining by the release of prostacyclin and nitric oxide from the undamaged endothelial cells.
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Platelets plug: Proclotting

* PF3 provids an ideal surface for
concentration & activation of clotting
factors. - cranuie

79

Platelets plug: Fusion

rreversibl
ADP
Thrombin

Enz.
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Vascu&ar Injury
Platelet adhesion
activation & release
ThxA2, ADP
Platelet aggregation

Platelet fusion

Dr.Shaimaa N.Amin, HLS, 2024
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Membrane phospholipids

PLase

\ 4

Arachidonicacid ~

TmEalczal -7
o = v

Thx A2 PC
VvC VD
++ Platelet release { Platelet release
++ aggregation J aggregation
--cAMP ++ CAMP
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Note

* Aspirin inhibits COX = --- TxA2 & PC
* Endothelium produce new COX

* Platelets cannot manufacture new COX

* Administration of small amounts of aspirin
for prolonged periods = -- clot = preventing

MI.

Dr.Sha

imaa N.Amin, HLS, 2024
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Aspirin

Arachidonic acid

Arachidonic acid

COX
Platele

Dr.Sha

COX
Endoth.

PC

++++
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Blood Clotting

* Plasma proteins (B- globulins)
* Inactive serine protease enz.
* Activation = cascade effect.
* 3 groups.

Dr.Shaimaa N.Amin, HLS, 2024
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Fibrinogen group
* 1,V, VIl &XIIl. (1, 5+8 = 13) “
* Activated by thrombin.
* Not present in serum.

Blood Plasma Serum
e S 0

[
|
i ; serum
|

|

|

i |

lood clot
5,8,
w0/ \18

{
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Prothrombin group

I, VII, IX & X. (1972)
Need vit. K for synthesis
Prothrombin is not present in serum.

Contact Group

Xl and XII.
Present in serum

Dr.Shaimaa N.Amin, HLS, 2024
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Mechanism of clotting

1- Prothrombin X thgombin

2- Fibrinogen %m.%

Fibrin polymerize—> loose mesh

X1
3- Tight stabilize fibrin clot

4. Factor X is activated by either intrinsic or
extrinsic pathways.

Dr.Shaimaa N.Amin, HLS, 2024
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Intrinsic pathway Extrinsic pathway
— Vascular injury |
asculaginluiry (Tissue damage)

Contact

Exposed collagen, -ve surface charge,
HMW kininogen, kallikrein

Release of tissue factor
(Tissue thromboplastin)

o
= HMW kininogen
(7]
E
et
L PL
Ca catt
Vil —-=Villa TrL
E——{=]
PL
ca”
Va

[F‘Jo!hrornbin |——b| Thrombin I

ca”
| Fibrinogen l—ca“—pl Fibrin I

Xlila +—— X1l

Stage 3

Stabilized fibrin |
| polymer (clot)
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Summary

Injury to wall of blood vessel

I
v v v

1 _ VC Collagen TP L

am

2 Pilatelet
Reactions 3 - C I Ot

Thrombin

Fibrin

v

Temporary hemostatic » Definitive hemostatic
Plug T plug
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Anticlotting Mechanisms
(Limitation reactions)

Prevention of
clot
|

Dr.Shaimaa N.Amin, HLS, 2024
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Anticlotting Mechanisms
(Limitation reactions)

Prevention of
clot

Fibrinolytic
system
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Fibrinolytic system

Endothelial cell
Thrombomodulin
Thrombin

l

Protein C > Activated proteln C (APC)

Vitla—» Inactive VI Va — Inactive V

Inactivates TPA-|

Plasmoinogen ———*—"" Plasmin (F ibrinolysi n)

Lyses fibrin ——»  FDP
& fibrinogen
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93

Anticoagulants

In vitro :

* Na citrate: deionize Ca

* Na oxalate: precipitate Ca

* Silicon tube
* Heparin

Dr.Shaimaa N.Amin, HLS, 2024
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In vivo Heparin Dicumarol
Origin Mast cells & basophils. Plant
Action Facilitates action of| Competitive
Antithrombin Il inhibition with
VitK R
Site of action | In vivo & vitro Only in vivo.
Onset/ duration | Rapid & short Slow & long
Administration |[\/ / SC Orally
Antidote Protamine sulphate 1% Vit. K
Blood transfusion
= -
orshaimas Mo, 115, 2024 =
95

Hemostatic Function Tests

* CBC

* Bleeding & clotting time

* PT
* INR
* aPTT
* PC

Dr.Shaimaa N.Amin, HLS, 2024
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oction Date

¥ Coll
E;\:)Zla e J 5 1D SExl\.nala 09/03/2018 14:53
Blood Picture Report
Ref. Values
14.0 - 22.0
Haemoglobin 1214 gldL 3.90 -6.30
Red Cell Count : 6.37 milllen/om: = s e
Haematocrit 1 62.9 :" 100.0 - 120.0
McVv : 98.7
34.0 - 37.0
MCH | 33.6 P9 32.0-37.0
MCHC : 34.0 aldic 11'5 -14.5
RDW P 193 % :
10000 - 26000
Total Leucocyte Count : 15470 ey Relative Abso\ut?
Differential Leucocyte Count ,,};ﬁ-}u (TT:-?\T: 7%
Veutrophils : 70 u 2040 3080
) % )
ymphocytes 21 ! 0.5-2.0
lonocytes : 8 i i
2 01190
asinophils : u g
t0 0.1
isophils 0 0 i <
- 450
itelet Count . 165 Dr.Shaimaa N.Amin, HLS, ﬁ;ﬁphalcmm 50
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The Extrinsic Pathway and the PT

Ca*

\ Thromboplastin

- Add
= citrated plasma
| —
Xl VI
X1~
/———LTh rombin
Prothrombin '

Fibrinogen /—\Fibrtn clot
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International normalised ratio
The INR was devised to standardize the results.

PT (pat)yS!
\BI {Pl (n) }

PT (pat)= Patient’s prothrombin time

PT (n) = Normal reference range

ISI = International sensitivity index
(the optimal ISI'1s 1.3 to 1.5)

Jlabpedia.net

Dr.Shaimaa N.Amin, HLS, 2024
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- Activated Partial Thromboplastin Time test (aPTT)

-Prothrombin concentration(PC)

Dr.Shaimaa N.Amin, HLS, 2024
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o TooB  |Age | Sex
034 [ 10 | Mk
e c |

Prothrombin Time (PT)

Prothrombin Activity

INR

Partial Thromboplastin Time (PTT) :

Room No. Collection Date | Repon Date
600 09032018 14:863 \ 09/03/2018 1
ion ®)
Horms! Velues
17.7 s0C 101-168%
55.0 %
1.62 Lhos Than &1
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Hemostasis
disorders
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Excessive bleeding

* Thrombocytopenic purpura (++ bleeding
time)

 Vitamin K deficiency (++ clotting time)

* Hemophilia (++ clotting time)

Dr.Shaimaa N.Amin, HLS, 2024
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Purpura
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Causes of --- vit. K

+ Inadequate intake
* Inadequate absorption,
* Inadequate utilization

+ Vitamin K antagonist, such as warfarin

105

Hemophilia
AB) ... 7 (B

have hemophilia XY .' of the hemophilia gene XX
|

f
.

B (9) : i

50% chance 50% chance -_-
sons will have aughters will be a carrier
hemophilia XY o‘rme hemophilia gene XX
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HEMOPHILIA

Dr.Shaimaa N.Amin, HLS, 2024
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++ Clotting
Thromboembolic Conditions

Slow blood flow:
* long bed rest
e varicose veins

* atherosclerosis |

i

Dr.Shaimaa N.Amin, HLS, 2024
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Disseminated Intravascular
Coagulation (DIC)

Definition and Etiology

DIC is a clinicopathological syndrome in which there is
idespread int I ion that occurs due

to procoagulants that are introduced into or produced by

blood circulation.

1. The procoagulant activity overcomes the natural anti-
coagulant mechanisms. This is also called consump-
tion ¢ lopathy or defibrination syndrome.

2. This is a hemorrhagic disorder in which diffused intra-
vascular coagulation results in defects of hemostasis.

3. In this disease, coagulation factors and platelets are
overutilized. This results in bleeding.

4. The most common procoagulant stimulus is the tis-
sue factor (tissue thromboplastin) exp e to the
blood, that activates extr|n5|c pathway of coagulation

TISSUE INJURY. SEPSIS
+ Obstetrical complications « Gram-negative
+ Malignant neoplasms « Other infections

\‘ Tague /
|hromblcplaslin

Extrinsic coagulation pathway

ENDOTHELIAL INJURY

« Aortic aneurysm

+ Haemolytic-uraemic
syndrome

* Severe burns

« Acute glomerulonephritis

Platelet aggregation

Intrinsic coagulation pathway

)*/

Consumption of clotting
factors and platelets

Plasmin

FDPs

Inhibit platelet aggregation,

/\

/ thrombin and
BLEEDING fibrin polymerisation

ISCHAEMIC TISSUE

MICROANGIOPATHIC

HAEMOLY'NC ANAEMIA

Dr.Shaimaa N.Amin, HLS, 2024
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Pluripotent stem cell

Myeloid (Trilineage) stem cell Lymphoid stem cell

-

Granulocyte-monocyte progenitor EMhrDId prog M x yocyte

%:s -

¥ }
. ' Og’p@.

Neutrophil Basophil Eosinophil Monocyte cells Platelets Lymphocytes

111

White cells & platelets: 1%

White Blood Cells
;) \:Vh.ite blood cells

Red blood cells

Plasma: 54%
|
[

Basophil

) Electrolytes,

7 enzymes,

.w. Eosinophil fats,

@ proteins, and
carbohydrates

E Lymphocyte ol

ORE
S peb
Blood volume Platelets

Dr.Shaimaa N.Amin, HLS, 2024

112



2/22/2024

e I e T e i e T i e ] B e ] B

Leukocyie—Diapedesis

Dr.Shaimaa N.Amin, HLS, 2024
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dilated
capillary T
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NORMAL MARGINATION AND ROLLING AND EMIGRATION
AXIAL FLOW PAVEMENTING ADHESION AND DIAPEDESIS

Figs. 17.10A to D: Details of diapedesis of neutrophils. It occurs in three phases: margination and pavementing, rolling and adhesion,
and emigration and diapedesis.

Dr.Shaimaa N.Amin, HLS, 2024
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Differential white blood cells:

* A granular Leukocytes

* Granular Leukocytes

Dr.Shaimaa N.Amin, HLS, 2024
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Blood Cells

Monocyle Lymphocyte Meutrophil Eosinophil Basophil

h Taw &
'\.I' .r 1.‘

Macrophage Erythrocyle Platelets

Dr.Shaimaa N.Amin, HLS, 2024
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Phagoseme forming — Lysosome  Damege znd dlgest on

Phagocytosis Lysosome Release of
fusion microbial products

a. Ingestion through phagocytosis, a food vacuole is formed.

b. The fusion of lysosomes with the food vacuole; the pathogen is broken down by enzymes
c. Waste material is expelled or assimilated

Parts:

1. Pathogens

2. food vacuole

3. Lysosomes

4. Waste material

5. Cytoplasm

6. Cell membrane Dr.Shaimaa N.Amin, HLS, 2024

118



2/22/2024

Monocytes-macrophage system

(W

Hematopoietic stem cell

@ | Bone marrow |

Myeloid precursor

l

Monocyte

S ‘-

Interstitial dendritic cell Macrophage Microglial cell

Dr.Shaimaa N.Amin, HLS, 2024
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=
/
@

Monocyte-derived Monocyte-derived
Macrophage DC
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Immunity

-Immunity refers to all physiological mechanisms that enable

an organism to recognize and defend against infectious

agents.

-These body defences can be grouped in two categories:
-Non-specific immunity

-Specific immunity

Dr.Shaimaa N.Amin, HLS, 2024
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TOXINS _

123

( The Immune System

)

Innate /\ Acquired

physical barriers
natural killer cells
macrophages

< I

Cell-mediated Humoral

Dr.Shaimaa N.Amin, HLS, 2024
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The cellular Immunity:

-This type of immunity is mediated by

T-Lymphocytes.

-T-Lymphocytes defend body against:
Viruses, Fungi, T.B. ,Cancer cells and
Foreign transplanted tissues.

Antigen
presenting
cell (APC)

-

MHC-Ag complex
on APC

TCR

T cell

Dr.Shaimaa N.Amin, HLS, 2024
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MHC Antigens

foreign antigens:

contain blood group antigens).

Major histocompatibility complex or MHC antigens are
self-antigens that help in identifying and rejecting the

proteins. They are made up of o and [ subunits.

Mechanism of Action of MHC Antigens

The proteins in the cells are continuously broken down to
their peptide fragments. MHC | molecules pick up the pep-

1. They are also called HLA antigens (human leucacyte | | tide fragments containing 8-10 amino acids, whereas MHC
associated antigens), as they were first identified on Il molecules pick up peptides containing 13—17 amino acids:

the membrane of leucocytes. However, afterward | | 1. When a peptide fragment of a self protein is picked up
they were found to be present on the surface of all

the body cells except in red cells (remember, red cells

by the MHC antigen and expressed on the surface of
the APC along with MHC proteins, T cells ignore it.

2. Like blood group antigens they are chemically glyco- 2. However, when the peptide fragment is of a foreign

protein, T cells recognize it and get activated that
induce cell- mediated immunological responses.

Dr.Shaimaa N.Amin, HLS, 2024
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MHC Antigens

Major histocompatibility complex or MHC antigens are
self-antigens that help in identifying and rejecting the
foreign antigens:

1. They are also called HLA antigens (human leucocyte
associated antigens), as they were first identified on
the membrane of leucocytes. However, afterward
they were found to be present on the surface of all
the body cells except in red cells (remember, red cells
contain blood group antigens).

2. Like blood group antigens they are chemically glyco-
proteins. They are made up of a and [ subunits,

Mechanism of Action of MHC Antigens

The proteins in the cells are continuously broken down to

their peptide fragments. MHC | molecules pick up the pep-

tide fragments containing 8~10 amino acids, whereas MHC

Il molecules pick up peptides containing 13=17 amino acids:

1. When a peptide fragment of a self protein is picked up
by the MHC antigen and expressed on the surface of
the APC along with MHC proteins, T cells ignore it.

2. However, when the peptide fragment is of a foreign
protein, T cells recognize it and get activated that
induce cell- mediated immunological responses.

Dr.Shaimaa N.Amin, HLS, 2024

127

Humoral Immunity:

B cell

Clone of plama cells Secreted
- antibody
molecules
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N\

The five classes of antibodies, or immunoglobulins (Igs) V
Classes of Antibodies
~
lgG IgE IgD IigM

MAGED

Dr.Shaimaa N.Amin, HLS, 2024
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Ag-Ab complex

pathway

Polysaccharide C5 C5b. .
on surface of microbe —C6
Properdi b2

l—cC8

-
patiway, Activated

complemenls

Cytolysis of
microbes |

The complement system
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Don,t Stop Until You're
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