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‘ Pluripotential hematopoietic stem cell J
|

| | Multipotential
g > : - stem cells
Common myeloid progenitor (CFU-GEMM) ‘ Common lymphoid progenitor
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‘ Committed
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F—
Myeloblast ~ Monoblast ~ Myeloblast ~ Myeloblast ~ Pronormoblast Megakaryoblast ~ Pre-T cell Pre-B cell
Promyelocyte  Promonocyte Basophilic Promegakaryocyte
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| Morphologically
N. myelocyte E. myelocyte  B. myelocyte Polychromatophilic ~ Granular recognizable
normoblast megakaryocyte Drecursors
| l
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normoblast  megakaryocyte
N. band E. band Reticulocyte
Neutrophil ~ Monocyte  Eosinophil ~ Basophil ~ Erythrocyte Platelet Teel NK cell Beell Mature
cells
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Figure 31-1 Hypothetical scheme of hematopoiesis. B, Basophil; BFU-E, burst forming unit-erythrocyte; CFU-Baso, colony-forming unit-basophil; CFU-E, colony-forming
unit-erythrocyte; CFU-Eq, colony-forming unit-eosinophil; CFU-G, colony-forming unit-granulocyte; CFU-GEMM, colony-forming unit-granulocyte/erythrocyte/macrophage/
megakaryocyte; CFU-GM, colony-forming unit-granulocyte/macrophage; CFU-M, colony-forming unit-macrophage; CFU-Meg, colony-forming unit-megakaryocyte; CFU-MegE,
colony-forming unit-megakaryocyte/erythroid; £, eosinophil; N., neutrophil.
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Role of Metabolic Pathways

Pathway Enzymes Role Problems
Phosphofructokinase Produce ATP Hemolytic Anemia
EMP Pyruvate kinase (PK) RBC Shape (ion pumps) PK Deficiency
Glutathione NADPH Production Hemolytic Anemias
HMS Reductase OXY-METH HB Balance
G6PD
2,3-DPG Production Hypoxia
RLB DPG Synthetase HB Oxygen Affinity
MHBR Methemoglobin Protects HB from Hemolytic Anemia
reductase Oxidation via NADH

Hypoxia

M /‘ 3 -
e N bl Pl Jol e

.>)\.> Lgs\.;')' S g g_M]\ae Gl 0305 CJ L;Q.wjj <J.w\.a P wajf B :QM)M_,AJ_,J}J.;—].
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.C&ﬁhﬂ\ F t‘}; )'\ Juesves] :.... g}"‘f}gj*‘b ;~u.>-'”' > 0 )9 ).)':k'

VU oo 43 &S By 5 a3l o« 0P, glucose « 5,05 U Age Adult b oS sen 31 S
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Red Cell Biology: Metabolism —
Hemoglobin & RBC Function

Hemoglobin Molecule

red blood cell .
P chain

. « chain
@ helical shape of the

polypeptide molecule
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rj @ dr.jrahmani

Hemoglobin Structure

* Conjugated Polypeptde
protein ehain__
— Dimeric
* 2 a-globin
chains
* 2 B-globin

chains

— 4 heme groups
Four iron
(l‘en‘ous)
molecules

* Four
protoporphyrin
IX rings

Hemoglobin Synthesis: Heme

1 Aminolevulinate (ALA)
synthase

2 ALA dehydratase . . protaporphyrin IX
3 Uroporphyrinogen I synthase Sncing bonce slicng ! :
& U hvrs 1 ) protoporphyrinagen I¥
B L e delta-gminolevulinic acid 51
cosynthase , ;
. coproporphyrinogen Il ¢
4 Uroporphyrinogen
decarboxylase S| MTOCHONORION
5 Coproporphyrinogen III CYTEFLASY
oxidase
6 Protoporphyrinogen IX delta-aminolevulinic acid
oxidase 2}
7 Ferrochelatase porphobilinogen [ uroporphyrinogen |11 ? coproporphyrinogen Il
3
uroporphyrinogen | ? coproporphyrinogen |
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r@ @ dr.jrahmani
Jnstagram

w&vHemoglobin Synthesis: Globin

Chains of amino acids

Each protein is characterized by
the number and sequence of
amino acids

Each globin chain is designated
by a greek letter: o, B, 7, 8, €, &

Genetics
— Chromosome 16 = a., &

— Chromosome 11= 1,8, ¢,y
Synthesis in cytosol

GENE e w € Gy Ay § B
CHROMOSOME g6 M_H B 1 B N N B N
POLYPEPTIDE SUBUNITS ETEEN ¥ l
PRODUCED IN: iy { o € Gy My
fetus o Gk
adult o L
HEMOGLOBIN FORMULA NAME
embryo (o3 Gower |
®3€; Gower Il
(2] Portland |
fetus Y A
EQYQ F
adult osf A
0.282 Az
uzmghcose A k

R. T. Jones. 1997. MoGraw Hill Encyclopedia of Science & Technology.

Hemoglobin Function

* Hemoglobin must be able to
bind oxygen in the lungs but
release it in the tissues

* An oxygen dissociation curve
illustrates affinity of oxygen for
hemoglobin undervarious
conditions

— Partial pressure of
oxygen/carbon dioxide

— Concentration of 2,3-DPG

— Concentration of hydrogen
ons

— Temperature

— Concentration of fetal
hemoglobin

r@ @ dr.jrahmani
Instagram
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5 03Sl & Sdga (253l G se (US55 olie 5 b 4y 5o ) 8 s 65 3,2 -4
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Hemoglobin Derivatives

Hemoglobin Name Defect Blood Concetration | Formation | Iron Oxidation State
Methemoglobin Oxidized Iron 0.5-3.0% reversible Ferric
Carboxyhemoglobin| CO-bound HGB <1% reversible Ferrous
Sulfhemoglobin | Sulfur-bound HGB <0.1% ireversible Ferrous

By definition, a hemoglobin derivative differs from normal

hemoglobin only by the molecule that occupies the space

where oxygen binds. The resulting hemoglobin variant is
NON-functional.

f@ @ dr.jrahmani
Instagram
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Iron Metabolism

Fe-Ferritin
Storage &
Target Tissues Eglg‘%“b%?n
Fe-
& transferrin
e.7, (both ways)
/a,’s ’e

Fe-Hemoglobin (RBC's)
Fe-Transterrin {soluble)

o
Bone m

Marrow
r@ ® dr:jFahmani Major Pathways of Iron (Fe) Transport
Instagram

RBC's = red blood cells
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a5 Sl SIS pE Nl :MCV (Mean Corpuscular Volume)-1

“"Hect x 10
|[RBC]

In million/cu.mm

MCV =

MCV =mean corpuscular volume
Het = hematocrit
RBC' =red blood cells

28 a0 55 B 5l ols (o
MCV= (PCVx10)/(RBCx10°)

Lyl YL MCV b ey Slesie

Normal range=80-97 fl
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S S b sl b ge 08 s ol :MCH (Mean Corpuscular Hemoglobin)-2
358 g el (PB) 28 5S

MCH=(Hb(g/dl)x10)/RBC(in million/Cu.mm)

L

MCH=(Hbx10)/(RBCx10°)

Normal range=27-31 pg

o oS sen oLl :MCHC (Mean Corpuscular Hemoglobin Concentration)-3

MCHC=(Hbx100)/Hct  or MCHC=(Hbx100)/PCV

Normal range= 32-36 (% or g/dl)

MCHC , MCH iin il 31 S35 gt m 22k o sl san RBC 733 L 1/3 lamst

.ﬁ)\x I

Conl 1S Jl 5 51 PCV-2 ol s oS RBC slux-1
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Aggregation of RBC

= Aggregation is a reversible
process of RBCs forming

so called “‘rouleaux’ when
they come into contact.
This process regulates the
viscosity of blood at low
shear rates and aims for
achieving minimal energy
dissipation for blood flow.
Aggregation parameters are
major paramecters affecting
blood circulation.
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