


Komponen, jumlah relatif dan fungsi darah

Protein plasma (50 % - 60 % dari vol total)

1. Air 91%- 92% dr volume plasma
Fungsi : pelarut

2. Protein plasma (albumin, globulin, fibrinogen dil)  7%-8%
Fungsi : Pertahanan, transport lipid, berperan pada pengaturan

volume cairan ekstraselluler
3. lon, gula, lipid, asam amino, hormon, vitamin dan gas terlarut
1%-2%

Fungsi : Pengaturan cairan ekstraseluler, pH dli
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Composition of whole blood

Plasma
Water Proteins Other solutes
92% by weight | 7% by weight 1% by weight
Albumins 58% | Electrolytes
Globulins 37% | Nutrients

Fibrinogen 4%
Regulatory
proteins 1%

Respiratory gases
Waste products

Erythrocytes

Erythrocytes

4.2-6.2 million per cubic mm

Platelets
120-300 thousand
per cubic mm

® @B

Neutrophils
60-70%

Leukocytes
5-10 thousand
per cubic mm

Eosinophils
2-4%

¥
\

Lymphocytes

/\io—zs%

Basophils
0.5-1%
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Hematocrit

Konsentrasi haemoglobin
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Normal human erythrocytes.

Sectional view

Rouleaux Erythrocytes
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Red cell morphology.

Red cell morphology. Hereditary spherocytosis
(HS; top panel); nonhemolytic hereditary
elliptocytosis (HE; middle panel); elliptocytes,
poikilocytes, and fragmented red cells in
hemolytic HE (bottom panel).
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- Carhohydrate of cell
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Figure .Integral membrane proteins of red blood cells
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A schematic representation of red cell membrane
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Spherocytosis

Spectrin / Ankyrin
deficiency @© @© ¥ pH —® | Hemolysis
©fC) 4 Macrophage
Contact
Splenic SPLENIC
Trapping, Conpimioning | Further Loss
deficiency
Spherocytes
Release of Microvesicles
%@ =%
© @ Microspherocytes
Normal Spherical Oval Sickle
Cell Cell Cell Cell

Basic Principles and Practice. Hoffman R, Benz EJ Jr, Shattil SJ, et al (eds). 4th ed, WB
Saunders, Philadelphia, 2005.
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Sickle-Cell Anemia

Sickle-Cell Anemia

Normal red blood cell Normal red

blood cell section
(RBC) =

Sickled Red
Blood Cell

<

Normal
hemoglobin

Abnormal sickle red blood cell section

RBCs flow freely whitin blood vessel

Blood Cell

Abormal
hemoglobin

Sickle cells blocking blood flow Sou dvcecy

sickle shope

Sticky sickle cells

(http://www.genome.gov/glossary/)



Normal-sickle cell

Hgb S without 02 stick together to
formarod, the rods come together
to form a cable, which kinks the red
blood cell into a rigid sickle shape.

Sichied Cett




Electrophoretic detection of HbA and Hbs proteins

Genotypes ~ BAB*  BARS  BSBS
(Normal) (Sickle-cell (Sickle-cell

\'i'/\ trait) anemia)
| Sample> -
loaded
Electrophoresis _— = <—(Hb-A)
direction
l —— e < (Hb-S)

1 2 3 4 5 6 7
B polypeptide, Hb-A H,N* Val His |Leu Thr Pro Glu Glu --

Sickle-cell | ¢
Bpolypeptlde Hb-S H,N* Val His Leu Thr Pro VaI Gl - - -

Pearson Education, Inc.

iGenetics 3rd ed.; all text material © 2010 by Steven M. Carr



Five types of human leukocytes
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Neutrophils

* Spesifik granula
* Alkalin fosfatase
* Collagenase

* Lactoferin

* Lisosim

* Granula azurophil
* Acid fosfatase

* Arysulfatase

* B glukoronidase
* Lisosim

 defensin



Neutrophil ultrastructure.

Specific
granules

Azurophilic
granules
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Fagositosis

Chemotaxis and adherence
of microbe to phagocyte

e Ingestion of microbe
by phagocyte

0 Formation of a phagosome

Phagosome
(phagocytic

vesicle)

@) Fusion of the phagosome
with a lysosome to form a

phagolysosome

©) Dpigestion of ingested
microbe by enzymes

Formatlon of residual body
contalnlng indigestible

materlal

i ) Discharge of waste
materials

Phases of phagocytosis



Eosinophils

* Granula spesifik

e Acid fosfatase

* Arylsulfatase

* B glukoronidase

e Cathepsin

* Fosfolipase

* RNAase

* Mayor basic protein

* Peroksidase eosinofilik

Copyright © The McGraw-Hill Companies, Inc. All Rights Reserved.



Basophils

Granula spesifik

Eosinophilic chematactic
factor

Heparin

Histamin

Peroxidase
Phospholipase A
Platelet activating factor

Leukotrin
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Mast cells
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Mast cell secretion.

Antigens e
IgE

// IgE receptor
_—Adenylate cyclase- . _ O Ca e%

\

N Fusion of granules
ATP ~ -+ Phosphorylated —— . <
» CAMP proteins
Act;ve ; Mlcroﬂlaments Heparin
rotein kinase
: »P W T \ n —Histamine
Inactive -~ : B
ﬂ protein kinase ; l Proteoglycans
/ ECF-A
@ Exocytosis
Membrane 9

Phospholipases phospholipids

\

)
ﬁ Leukotrienes
IgE receptors
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Plasma cells

%L ~\Villar epithelium/
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Lymphocytes
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Monocytes
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Platelets

~
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Platelet

Hyalomer (perifer)

Granulomer (pusat)

Selubung (GAGs & glikoprotein) — adhesi
Berkas marginal (mikrotubulus & mikrofilamen) —
menjaga bentuk ovoid

Sistem open canaliculi — memfasilitasi
pengambilan serotonin & fibrinogen

Sistem dense tubular — menyimpan Ca++




Granulomer

Granulomer
Granula delta (ADP, ATP, serotonin)

Granula alpha (Platelet-derived growth factor,
platelet factor 4, platelet-specific protein)

Granula lambda (lisosom)



Fibrin clot.

X Fibrin

Platelets

: — Erythrocytes




Diagram of events involving leukocytes in a postcapillary venule at sites of
inflammation.

Selectins | "M-+ ——k N | Vo =0
Cytokines : >
(IL—1 & TNF-ar)

' Integrin receptors
ISy e

Interstitial space in connective tissue




HEMATOPOIESIS (Cellular lineage- growth factors)

Dapat dibedakan menjadi:
> Crytnrooojesis
Proses pembentukan erythrocytus/sel darah merah
» Granulooolesis
Proses pembentukan leucocytus/sel leucocyte
(darah putih)
» Vlonocytogolesis
Proses pembentukan monocytus/lymphocytes
» Megaiaryocytogoiesis
Proses pembentukan megakaryocytus
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Hematopoiesis tergantung

1. Growth factors (faktor pertumbuhan)
2. Faktor lingkungan (Micro)

Growth factors

> Granulocyte (G-CSF)
-2 menstimulasi pembentukan leucocytus

Granulocyte+macrophage (GM-CSF)
Macrophage (M-CSF)
> Interleukin 3
-2 menstimulasi pembentukan sel myeloid
» Erythropoietin (EPO)
-2 menstimulasi pembentukan sel darah merah
(eryth rOCYtUS) Copyright © The McGraw-Hill Companies, Inc. All Rights Reserved.



P@@G@s
LYMPHOCYTUS SEL MYELOID

(Sel lymphoid) (Berkembang di sumsum tulang)




Red bone marrow (active in hemopoiesis)




Origin and differentiative stages of blood cells.

Pluripotent stem cell

Myeloid line Q Lymphoid line
Myeloid stem cell Lymphoid stem cell
|Mu|li-CSF|Q [Multi-CSF] @
/ [Muiti-CsF| '
Erythropoiesis Thrombopoiesis Leukopoiesis
Progenitor cell Progenitor cell m B-lymphoblast T-lymphoblast

>

4

Proerythroblast

'

Early or basophilic
erythroblast

2

Polychromatophilic
erythroblast

@

Orthochromatophilic
erythroblast

@

Nucleus
ejected
Reticulocyte

v
Erythrocyte

@

o

Megakaryoblast

Promegakaryocyte

|

Megakaryocyte

9
®
»

Platelets

> o
> "

Progenitor cell

il

Myeloblast

l

G-CSF
Promyelocyte

>

“

Eosinophilic Basophilic Neutrophilic
myelocyte myelocyte myelocyte

ree

Eosinophilic Basophilic Neutrophilic
metamyelocyte metamyelocyte metamyelocyte

@ & D
b

@ S

Ny

Neutrophil

@ @

B-lymphocyte T-lymphocyte

%
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Komponen sel darah

’/‘/HemocOblasN‘\‘

Megakaryohlast
Proenthroblast  Myeloblast Lymphloblast Monoblast SNy
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Origin and differentiative stages of blood cells

Pluripotent stem cell

‘ 'I Myeloid line 'I Lymphoid line
Myeloid stem cell Lymphoid stem cell
MuniCSF| Multi-CSF @
/ Multi-CSF \ ‘
Erythropoiesi Thrombopoiesi: Leukopoiesis
Progenitor cell Progenitor cell GM-CSF B-lymphoblast ~ T-lymphoblast
Q Q ey ] 0
Proerythroblast 1 / \
Megakaryoblast Myeloblast -M-CSF
Q Q 3
- G-CSF
Early or basophilic e
erythroblast Promyelocyte
Promegakaryocyte

<

Polychromatophilic
erythroblast

&

Orthochromatophilic
erythroblast

@

Nucleus
ejected
Reticulocyte

¥
Erythrocyte

@

Thrombopoietin

— i
l

Thrombopoietin

Platelets

> o%
L

M-CSF
Eosinophilic  Basophilic Neutrophilic Promonocyte
myelocyte myelocyte myelocyte
e @ 9P
Eosinophilic Basophilic Neutrophilic
yelocyte yelocyte yelocyte
Eosinophil Basophil Neutrophil Monocyte

@S D

B-lymphocyte T-lymphocyte

® @
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Summary of erythrocyte maturation.

20 hours 100 —

RNA
Proerythroblast 80 —
3
= 60 —
o
S
=
20 hours & 40
s
(&)
Basophilic 20 < :
erythroblast Hemoglobin S
o 1 I 1 I 1
80 60 40 20 o
58 hours Maturation (nuclear area in gym?2)
Polychromatophilic
erythroblast 30 hours
Reticulocyte
3 days

Orthochromatophilic
erythroblast

\—b

Nucleus ejected
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Erythrocyte



Erythropoiesis

Copyright © The McGraw-Hill Companies,
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@) Normal red blood cells

Normal
red blcod
cell (RBC)

RBCs flow freely
within blood vessel

Abnormal, sickled, red blood cells
(sickle cells)

Sickle celis
blocking

Sticky sickle cells




Making new red blood cell

e

__Some stimulus disrupts
< homeostasis by

)“‘?\‘ \ & o™
] - Decreasing
neys (and other gs'dug;) - _—

J Increased erythropoietin T
/||~ secreted into blood

Return to homeostasis
when oxygen delivery
to increases

) L% kidneys A

" More reticulocytes

Increased oxygen Rg— \,
delivery to tissues l ==




Granulopoiesis

Myeloblast Promyelocyte Myelocyte Metamyelocyte

Azurophilic Specific
granules granules
(blue) (pink)

No cytoplasmic First azurophilic Moderate number Abundant specific
granules granules being of azurophilic granules and dispersed
secreted in Golgi granules and azurophilic granules;
apparatus initial production Golgi apparatus reduced
of specific granules
in Golgi zone
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Functional compartments of
neutrophils

Bone marrow

Mitosis:
Stem cell
Myeloblast
Promyelocyte
Myelocyte

Maturation:
Metamyelocyte
Band cell
Mature granulocyte

!

Storage 2

v

Blood

Circulating

cells
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Granulopoiesis

w:: . o -
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Megakaryoblast and megakaryocytes
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Sinusoidal endothelium in active marrow

Platelets Leukocyte

Megakaryocyte Erythrocyte
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Diagram of events involving leukocytes in a postcapillary venule
at sites of inflammation.
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Cytoklnes

Selectlns

(IL-1 & TNF-o)

i

Integri n receptors
(ICAM-1)

Interstitial space in connective tissue




Platelets

/




How Blood Transport Oxygen

Red blood

cell Oxygen

from lungs
Oxygen released

to tissue cells _8 0

Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules

Virtual chembook, Charles E Ophardt, 2003



Transport CO2 & 02

red blood cell

0z in plasma

Conditions InDepth: Anemia
by Ricker Polsdorfer, MD
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