




Blood = Plasma (55%) + cellular elements 
(45%) 
Plasma = proteins + minerals + water 
Cellular elements = RBCs, WBCs & 
Platelets 
Normal blood volume = 8% of body weight 
                  = 5.6L (in 70kg man) 
                    70 x 8/100 = 5.6L 
 
Plasma = 5.6L x 0.55= 3.08L 
Cellular elements = 5.6L x 0.45 = 2.52L 



BM is large organ and most active 
BM size ~ liver size 
BM weight ~ liver weight 

BM stem cells = 75% WBCs myeloid + 25% maturing 
RBCs 
RBCs 5 M = WBCs 10000  
Blood RBCs number > 500times Blood WBCs number 
(5M/10000 = 500)  
Life span of RBCs = 120days 
Life span of WBCs = hours 

BM stem cells (HSCs) – undifferentiated 
HSCs  committed into a type 
progenitor 
Progenitor  differentiated into specific 
blood cell 

Monocytes  tissue macrophages (Kupffer cells, 
osteoclasts, mast cells, dendritic cells, Langerhans cells) 

BM transplant 
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Function: role in blood coagulation 
Count: 300,000/uL (circulate in blood) 
Life-span: 4days 

Megakaryocytes  fragmented 
(cytoplasm pinching off) into platelets 

BM platelets: 
 60-70% in blood 
 30-40% in spleen 
Why splenectomy increases platelet 
count? 



RBCs = Erythrocytes 
Carry Hb in circulation 
(note: Hb is very small molecule that can 
filtered through capillaries) 
Shape: biconcave disks 
Manufactured: in red MB 
Nucleus:  
Immature RBCs have nucleus (in BM) 
Mature RBCs lose nucleus (in blood) 
Life-span: 120days 
Normal Count:  
5.4 M/uL in Man 
4.8 M/uL in woman 
Hematocrit = volume of blood occupied 
by RBCs 
Diameter: 7.5um 
Thickness: 2um 
Hb content: 29pg/RBC 
Total Hb: 900g in blood 
Kidney release erythropoietin (ErP) 
ErP stimulate BM stem cells 
differentiation into erythrocytes 

1L = 1000,000 uL  

Blood 5.6L = 5,600,000 uL ;   RBCs = 5,400,000 cell/ uL 
Total RBCs = 5,400,000 cell/ uL x 5,600,000 uL 
                    = 3.02 x 1013 cells 

Total Hb = 29pg x 3.02 x 1013 = 8.77 x 1014pg 
= 8.77 x 1014 x 10-12 = 8.77 x 102 = 877g  

1g = 1012 pg 



Color: Red pigment 
Function: carry O2 
Mwt: 6445D (very small) 
Structure: 4 subunits 
each subunit = heme + a polypeptide 
heme = iron (Fe+2) + porphyrin 
derivative 
Polypeptide= alpha(α), beta(β), 
gamma(γ) or delta(δ) globulin 
Adult Hb is 97.5% of type A (α2 β2). The 
2.5% is of type A2 (α2 δ2).  
δ chain have 10 amino acids differ from 
that in β chain 

HbA1c - Glycated Hb 
Glucose attached to terminal valine in 
β chain. Increase in poorly controlled 
DM (marker of disease progression 
and/or effective treatment) 





Oxyhemoglobin = Hb bind O2 
Hb affinty to O2 depends on 
 pH (H+ conc.) 
 Temp. 
 RBC conc. of DPG “also called BPG” 
 H+ & DPG compete with O2 for binding to 
deoxy Hb 

Nitrites “in blood” oxidize Fe+2 in Hb into 
Fe+3  Methemoglobin (metHb) 
Methemoglobin: 
 Oxidized form of Hb 
 Dark-color: When become in excess  

dusky skin “cyanosis” 
 Occurs normally in small percent 
 Normally NADH-metHb reductase 

system converts metHb to Hb 
 Congenital absence of this system  

hereditary methemoglobinemia 

Carboxyhemoglobin =  Hb binds CO 
Hb affinity to O2 << affinity to CO 
CO displaces O2 from Hb 
CO reduce O2 carrying capacity of blood 



Normal Hb in blood: 
 16g/dL (16g/100ml) in men 
 14g/dL (14g/100ml) in women 
 
In 70kg man; Total blood Hb = 900g and 
in every hour there is: 
 0.3g Hb destroyed 
 0.3g Hb synthesized 

 
 Heme is synthesized in early stages 

from glycine and succinyl CoA in 
mitochondria 

Hemoglobinopathies (abnormal globin polypeptide) 
 HbS : normal α chain but glutamic acid in β chain is 

replaced by valine  sickle cell anemia 
 HbS polymerized at low O2 tensions  sickle-

shaped RBC that hemolyzed and form aggregates 
that block blood vessels 

 Inherent disease - More prevalent in Africa 
 Treatment: 
• Hydroxyurea that stimulate production of Hb 
• BM transplantation 
• Antibiotics 

Thalassemias – normal polypeptide 
chains but either produced in decreased 
amount or absent 
 Thalassemia major (β thalassemia): 

gene for β chain is missing 
 Thalassemia minor (α thalassemia): 

gene for α chain is missing 
 Thalassemias cause sever anemia 
 Treatment: 
• Repeated blood transfusion with 

such treatment there is a risk of iron 
overload that require iron chelating 
drugs 

• BM transplant 



 Old RBCs destroyed by macrophages in 
spleen 

 The globin portion split off  amino 
acid  refresh blood amino acid pool 

 Heme is converted to biliverdin + CO by 
heme oxygenase (CO act as intracellular 
messenger) 

 Most of biliverdin is converted into 
bilirubin and excreted in bile 

 The liver conjugate bilirubin with 
glucuronic acid before excretion into bile 

 Heme iron is bind to transferrin and 
transported to liver for storing and BM 
for reuse in Hb synthesis 


