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Physiology of Blood Lec #1 
 

 Components, Characteristics, Functions of Blood 
 

 Major Components of Blood 
 

1. Formed elements - the actual cellular components of blood (special 

connective tissue) 

a. Erythrocytes - red blood cells 

b. Leukocytes - white blood cells 

c. Platelets - cell fragments for clotting 

 

2.  Blood plasma - complex non-cellular fluid surrounding formed 

elements; protein & electrolytes. 

 

Separation of Components in a Centrifuge 

 

     VOLUME               LAYER 
 Clear/yellowish PLASMA   55%          top 

 Thin/whitish buffy coat     <1%           middle 

with LEUKOCYTES & PLATELETS 

 Reddish mass - ERYTHROCYTES 45%         bottom 

  

        Hematocrit - percentage by VOLUME of erythrocytes when blood is 

centrifuged         (normal = 45%)        
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 Characteristics of Blood 
 

1. Bright red (oxygenated) 

2. Dark red/purplish (unoxygenated) 

3. Much more dense than pure water 

4. pH range from 7.35 to 7.45 (slightly alkaline) 

5. Slightly warmer than body temperature 100.4 F 

6. Typical volume in adult male 5-6 liters 

7. Typical volume in adult female 4-5 liters 

8. Typically 8% of body weight 

 

 

 Major Functions of Blood: 
 

1.  Distribution & Transport 

a. Oxygen from lungs to body cells 

b. Carbon dioxide from body cells to lungs 

c. Nutrients from GI tract to body cells 

d. Nitrogenous wastes from body cells to kidneys 

e. Hormones from glands to body cells 

 

2. Regulation (maintenance of homeostasis) 

a.      Maintenance of normal body pH by blood proteins 

(albumin) &      bicarbonate 

b.    Maintenance of circulatory/interstitial fluid by 

electrolytes that aid blood proteins (albumin) 

c.    Maintenance of temperature (blushed skin) 

 

3. Protection 

a. platelets and proteins "seal" vessel damage 

b. protection from foreign material & infections 

byleukocytes, antibodies& complement proteins 

 

 Plasma (the liquid part of blood): 

 
A. General Characteristics 

1. Plasma makes up 55% of normal blood by volume 

2. Water is 90% of the plasma by volume 
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3. Many different SOLUTES in the plasma 

a. Albumin - pH buffer & osmotic pressure 

b. Globulins - binding proteins & antibodies 

c. Clotting proteins - prothrombin & fibrinogen 

d. Other proteins - enzymes, hormones, others 

e. Nutrients - glucose, fatty acids, amino acids, 

cholesterol, vitamins 

f. Electrolytes - Na
+
, K

+
, Ca

++
, Mg

++
, Cl

-
, phosphate, sulfate, 

bicarbonate, others 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 BONE MARROW 

  
In the adult, red blood cells, many white blood cells and platelets are formed in 

the bone marrow. In the fetus, blood cells are also formed in the liver and spleen 

and in adults such extramedullary hematopoiesis may occur in diseases in which 

the bone marrow becomes destroyed or fibrosed. In children, blood cells are 

actively produced in the marrow cavities of all the bones. By age 20, the marrow 

in the cavities of the long bones, except for the upper humerus and femur, has 

become inactive. Active cellular marrow is called red marrow; inactive marrow 

that is infiltrated with fat is called yellow marrow. 
  

The bone marrow is actually one of the largest organs in the body, approaching  

 

the size and weight of the liver. It is also one of the most active. Normally, 75%  
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of the cells in the marrow belong to the white blood cell-producing myeloid 

series and only 25% are maturing red cells, even though there are over 500 times 

as many red cells in the circulation as there are white cells. This difference in the 

marrow reflects the fact that the average life span of white cells is short, whereas 

that of red cells is long. 

 

 

  

The bone marrow contains multipotent uncommitted stem cells (pluripotential 

stem cells) that differentiate into one or another type of committed stem cells 

(progenitor cells). These in turn form the various differentiated types of blood 

cells. There are separate pools of progenitor cells for megakaryocytes, 

lymphocytes, erythrocytes, eosinophils, and basophils, whereas neutrophils and 

monocytes arise from a common precursor. The bone marrow stem cells are also 

the source of osteoclasts, Kupffer cells,mast cells, dendritic cells and Langerhans 

cells.  

 

The pluripotential cells are few in number but are capable of completely 

replacing the bone marrow when injected into a host whose own bone marrow 

stem cells is umbilical cord blood. 

 

 

   

 

 

 

 

 

 

 

Bone marrow smear 
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 Erythrocytes (red blood Cells; RBCs): 
  

Structure: 

 

1. 7.5 micron diameter; 2.0 micron thick 

2. Biconcave disk shape; ideal for gas exchange;the shape is 

maintained by spectrin - elastic protein; allows shape change. 

3. Mature cells are anucleate (no nucleus) 

4. Very few organelles; mainly a hemoglobin carrier 

i. hemoglobin – 33% of cell mass; carries oxygen 

5. No mitochondria; only anaerobic respiration 

6. Ratio erythrocytes: leukocytes = 800:1 

6. Red blood cell count: as cells per cubic millimeter 

i. Normal male count - 5. to 5.8 million 

ii. Normal female count - 4.3 to 5.2 million 

                    Functions (oxygen & carbon dioxide transport) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Hematopoiesis and Erythropoiesis:  hematopoiesis 

(hemopoiesis) - The maturation, development and formation of blood cells: 

 

a. Red bone marrow (myeloid tissue) - location of 

hematopoiesis; in blood sinusoids which connect with 

capillaries; mainly in axial skeleton and heads of femur & 

humerus 
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b. Hemocytoblast (stem cell) - the mitotic precursor to blood 

cells before differentiation 

i. Differentiation - maturing cell becomes "committed" 

to being certain type blood cell (See Figure below). 

 

 

 

 Erythropoiesis - The maturation, development, and formation of Red 

Blood Cells  

 

hemocytoblast ->proerythroblast ->early (basophilic) erythroblast -

>late (polychromatophilic) erythroblast ->(hemoglobin) normoblast 

-> (nucleus ejected when enough hemoglobin)reticulocyte -> 

(retaining some endoplasmic reticulum) 

 

ERYTHROCYTE life span: 
Hemocytoblast -> Reticulocyte ……….   3-5 DAYS 

Reticulocyte -> ERYTHROCYTE…….             2 DAYS (in blood) 

ERYTHROCYTE lifespan……..              100-120 DAYS 

(Primarily destroyed by macrophages in the spleen)… See Figure below. 
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 Regulation of Erythropoiesis 

 
a. hormonal controls - erythropoietin is the hormone 

that stimulates RBC production 

 DECREASED oxygen level in blood causes KIDNEYS to increase release of 

erythropoietin 

1. Less RBCs from bleeding 

2. Less RBCs from excess RBC destruction 

3. Low oxygen levels (high altitude, illness) 

4. Increased oxygen demand (exercise) 

 

Erythropoietin now genetically engineered and synthesized to stimulate 

erythropoisis. Testosterone can also mildly stimulate production of RBCs in 

humans. 

b. Iron - essential for hemoglobin to carry oxygen 
i. 65% of Fe in body is in hemoglobin 

ii. liver and spleen store most excess Fe bound to 

ferritin and hemosiderin 

iii. Fe in blood bound to transferrin 

iv. daily Fe loss: 0.9 mg men/l.7 mg women 

v. women also lose Fe during menstrual flow 

 

c.     B-complex Vitamins - Vitamin B12 and Folic Acid 

essential for DNA synthesis in early mitotic divisions leading 

to erythrocytes 
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 Hemoglobin 
     

The red, oxygen-carrying pigment in the red blood cells of vertebrates is 

hemoglobin, a protein with a molecular weight of 64,450. Hemoglobin is a 

globular molecule made up of 4 subunits .Each subunit contains a heme moiety 

conjugated to a polypeptide. Heme is an iron-containing porphyrin derivative. 

The polypeptides are referred to collectively as the globin portion of the 

hemoglobin molecule.  

 

There are two pairs of polypeptides in each hemoglobin molecule. 

1. (Hemoglobin A is α2 β2 ): the normal adult human hemoglobin ; the two 

types of polypeptide are called the α chains, each of which contains 141 amino 

acid residues, and the β chains, each of which contains 146 amino acid 

residues. Thus, hemoglobin A is designated α2β2.  

2. Hemoglobin A2 (α2δ2): this form about 2.5% of the hemoglobin, in which β 

chains are replaced by δ chains (α2δ2). The δ chains also contain 146 amino acid 

residues, but 10 individual residues differ from those in the β chains.  

 

3. There are small amounts of hemoglobin A derivatives closely associated with 

hemoglobin A that represent glycated hemoglobins. One of these, hemoglobin 

A1c (HbA1c), has a glucose attached to the terminal valine in each β chain and is 

of special interest because the quantity in the blood increases in poorly 

controlled diabetes mellitus. 
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4. Hemoglobin in the Fetus 

  

1. The blood of the human fetus normally contains fetal hemoglobin 

(hemoglobin F, hemoglobin F is (α2 γ2). The γ chains also contain 146 amino 

acid residues but have 37 that differ from those in the β chain. Fetal hemoglobin 

is normally replaced by adult hemoglobin soon after birth.  In certain 

individuals, it fails to disappear and persists throughout life. In the body, its O2 

content at a given PO2 is greater than that of adult hemoglobin because it binds 

2,3-DPG less avidly. This facilitates movement of O2 from the maternal to the 

fetal circulation 

 

2. In young embryos there are, in addition, δ and ε chains, forming Gower 1 

hemoglobin (δ2ε2) and Gower 2 hemoglobin (α2ε2). 

  

 

* Reactions of Hemoglobin 
  

1. Oxygenation: Hemoglobin binds O2 to form oxyhemoglobin, O2 attaching to 

the Fe
2+

 in the heme. The affinity of hemoglobin for O2 is affected by pH, 

temperature, and the concentration in the red cells of 2,3-diphosphoglycerate 

(2,3-DPG). 2,3-DPG and H
+
 compete with O2 for binding to deoxygenated 

hemoglobin, decreasing the affinity of hemoglobin for O2 by shifting the 

positions of the four peptide chains (quaternary structure).  

 

2.Oxidation: When blood is exposed to various drugs and other oxidizing agents 

in vitro or in vivo, the ferrous iron (Fe
2+

) that is normally in the molecule is 

converted to ferric iron (Fe
3+

), forming methemoglobin. Methemoglobin is dark-

colored, and when it is present in large quantities in the circulation, it causes a 

dusky discoloration of the skin resembling cyanosis. Some oxidation of 

hemoglobin to methemoglobin occurs normally, but an enzyme system in the red 

cells, the NADH-methemoglobin reductase system, converts methemoglobin 

back to hemoglobin. Congenital absence of this system is one cause of 

hereditary methemoglobinemia. 

  

3. Carbon monoxide reacts with hemoglobin to form carbon 

monoxyhemoglobin (carboxyhemoglobin). The affinity of hemoglobin for O2 is 

much lower than its affinity for carbon monoxide, which consequently displaces 

O2 on hemoglobin, reducing the oxygen- carrying capacity of blood. 
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4. Heme is also part of the structure of myoglobin, an oxygen-binding pigment 

found in red (slow) muscles. 

  

5. In addition, neuroglobin, an oxygen-binding globin, is found in the brain. It 

appears to help supply O2 to neurons. There is heme in the respiratory chain 

enzyme cytochrome c. 

 

 Abnormalities of Hemoglobin Production: 

  

The amino acid sequences in the polypeptide chains of hemoglobin are 

determined by globin genes. There are two major types of inherited disorders of 

hemoglobin in humans: the hemoglobinopathies, in which abnormal 

polypeptide chains are produced, and the thalassemias and related disorders, in 

which the chains are normal in structure but produced in decreased amounts or 

absent because of defects in the regulatory portion of the globin genes.  

 

The α thalassemias are defined by decreased or absent α polypeptides.  

The β thalassemias are defined by decreased or absent α and β polypeptides. 

Abnormal hemoglobins Mutant genes that cause the production of abnormal 

hemoglobins are widespread, and about 1000 abnormal hemoglobins have been 

described in humans. They are usually identified by letter—hemoglobin C, E, I, 

J, S, etc. In most instances, the abnormal hemoglobins differ from normal 

hemoglobin A in the structure of the polypeptide chains.  

 

hemoglobin S, the α chains are normal but the β chains are abnormal, 

because among the 146 amino acid residues in each β polypeptide chain, one 

glutamic acid residue has been replaced by a valine residue . 

When an abnormal gene inherited from one parent dictates formation of 

abnormal hemoglobin—ie, when the individual is heterozygous—half the 

circulating hemoglobin is abnormal and half is normal. When identical abnormal 

genes are inherited from both parents, the individual is homozygous and all of 

the hemoglobin is abnormal. It is theoretically possible to inherit two different 

abnormal hemoglobins, one from the father and one from the mother.  

 

Many of the abnormal hemoglobins are harmless. However, some have 

abnormal O2 equilibriums. Others cause anemia. For example, hemoglobin S 

polymerizes at low O2 tensions, and this causes the red cells to become sickle-

shaped, hemolyze, and form aggregates that block blood vessels. The result is 

the severe hemolytic anemia known as sickle cell anemia. Heterozygous  
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individuals have the sickle cell trait and rarely have severe symptoms, but  

 

homozygous individuals develop the full-blown disease. The sickle cell gene is 

an example of a gene that has persisted and spread in the population. It 

originated in the black population in Africa, and it confers resistance to one type 

of malaria. This is an important benefit in Africa, and in some parts of Africa 

40% of the population have the sickle cell trait. In the United States black 

population its incidence is about 10%. 

  

Hemoglobin F has the ability to decrease the polymerization of deoxygenated 

hemoglobin S, and hydroxyl urea causes hemoglobin F to be produced in 

children and adults. It has proved to be a very valuable agent for the treatment of 

sickle cell disease. In patients with severe sickle cell disease, bone marrow 

transplantation has been carried out and the patients have generally done well, 

though more study is needed. 

  

 

 Synthesis of Hemoglobin 
  

The average normal hemoglobin content of blood is 16 g/dL in men and 14 g/dL 

in women, all of it in red cells. In the body of a 70-kg man, there are about 900 g 

of hemoglobin, and 0.3 g of hemoglobin is destroyed and 0.3 g synthesized 

every hour. The heme portion of the hemoglobin molecule is synthesized from 

glycine and succinyl-CoA. 

  

 

* Catabolism of Hemoglobin 

  

When old red blood cells are destroyed in the tissue macrophage system, the 

globin portion of the hemoglobin molecule is split off, and the heme is converted 

to biliverdin. The enzyme involved is a subtype of heme oxygenase, and CO is 

formed in the process. CO may be an intercellular messenger, like NO. 

 

In humans, most of the biliverdin is converted to bilirubin and excreted in the 

bile. The iron from the heme is reused for hemoglobin synthesis.  

 

Exposure of the skin to white light converts bilirubin to lumirubin, which has a 

shorter half-life than bilirubin. Phototherapy (exposure to light) is of value in 

treating infants with jaundice due to hemolysis. Iron is essential for hemoglobin 
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synthesis; if blood is lost from the body and the iron deficiency is not corrected, 

iron deficiency anemia results.  

 

* Anemias: 

 

I. Deficiency of substrates which are necessary for RBC or Hb production like: 

 1. Iron deficiency anemia (increase loss, or decrease intake) 

 2. Folic acid deficiency anemia (low intake) folic a. is necessary for    

DNA formation and maturation of RBCs. 

 3. B12 deficiency anemia. B12 is necessary for DNA formation of RBCs. 

deficiency due to low intake as in vegetarians or intrinsic factor deficiency 

(pernicious anemia). 

 

II. Membrane defects as in hereditary spherocytosis or elliptocytosis. 

Haemolytic anemia e.g: autoimmune Hemolytic anemia, erythroblastosis fetalis. 

 

III. Hemoglobinopathies. Thalassaemia and sickle cell anemia. 

  

IV. Bone morrow infiltration like aplastic anemia and different forms of 

leukaemias. 

 

V. Anemia of chronic disease. Like chronic renal failure. 
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 Effect of anemia on circulation: 

 
1. Decrease the viscosity of blood. 

2. Increase work load on the heart (PALPITATION & TIREDNESS) 

3. In exercise there will be tissue hypoxia that leads to heart failure. 

Treatment toward the cause. 

 

 

 Polycythemia: 

 
Increase production of RBCs (count 6-8 milio/mm

3
) its of 2 types: 

 

1. Primary polycythemia (count 7-8 milio/mm
3
) 

2. Secondary due to tissue hypoxia like in high altitude or chronic smokers. 
Effect of polycythemia on circulation increases the viscosity of blood leads to 

sluggish circulation this leads to thrombosis. Blood pressure increases increase 

work load on the heart leads to heart failure.  

Treatment by venesection 
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Iron 

  

In adults, the amount of iron lost from the body is relatively small. The losses are 

generally unregulated, and total body stores of iron are regulated by changes in 

the rate at which it is absorbed from the intestine. Men lose about 0.6 mg/d, 

largely in the stools. Women have a variable, larger loss averaging about twice 

this value because of the additional iron lost in the bloodshed during 

menstruation. 

 

 The average daily iron intake in the United States and Europe is about 20 mg, 

but the amount absorbed is equal only to the losses. Thus, the amount of iron 

absorbed ranges normally from about 3 to 6% of the amount ingested. Various 

dietary factors affect the availability of iron for absorption; for example, the 

phytic acid found in cereals reacts with iron to form insoluble compounds in the 

intestine. So do phosphates and oxalates. 

  

Most of the iron in the diet is in the ferric (Fe
3+

) form, whereas it is the ferrous 

(Fe
2+

) form that is absorbed. There is Fe
3+

 reductase activity associated with the 

iron transporter in the brush borders of the enterocytes. 

No more than a trace of iron is absorbed in the stomach, but the gastric 

secretions dissolve the iron and permit it to form soluble complexes with 

ascorbic acid and other substances that aid its reduction to the Fe
2+

 form. The 

importance of this function in humans is indicated by the fact that iron 

deficiency anemia is a troublesome and relatively frequent complication of 

partial gastrectomy. 

Almost all iron absorption occurs in the duodenum. Fe
2+

 is transported into the 

enterocytes . Some is stored in ferritin,  

In the plasma, Fe
2+

 is converted to Fe
3+

 and bound to the iron transport protein 

transferrin. This protein has two iron-binding sites. Normally, transferrin is 

about 35% saturated with iron, and the normal plasma iron level is about 130 

ug/dL (23 umol/L) in men and 110 ug/dL (19 umol/L) in women. 

70% of the iron in the body is in hemoglobin, 3% in myoglobin, and the rest in 

ferritin, which is present not only in enterocytes but also in many other cells. 

Apoferritin is a globular protein made up of 24 subunits. Iron forms a micelle of 

ferric hydroxyphosphate, and in ferritin, the subunits surround this micelle. The 

ferritin micelle can contain as many as 4500 atoms of iron.  

 Ferritin molecules in lysosomal membranes may aggregate in deposits that 

contain as much as 50% iron. These deposits are called hemosiderin. 
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* Intestinal absorption of iron is regulated by three factors:  

 

1. Recent dietary intake of iron. 

2. The state of the iron stores in the body. 

3. The state of erythropoiesis in the bone marrow.  

Iron overload causes hemosiderin to accumulate in the tissues, producing 

hemosiderosis. Large amounts of hemosiderin can damage tissues, causing 

hemochromatosis. This syndrome is characterized by pigmentation of the skin, 

pancreatic damage with diabetes ("bronze diabetes"), cirrhosis of the liver, a 

high incidence of hepatic carcinoma, and gonadal atrophy. 

------------------------------------------------------------------------------------------------- 

 

 Leukocytes (White Blood Cells, WBCs) Count and Differential  

 

 

White blood cells, or leukocytes, are classified into two main groups: 

granulocytes and nongranulocytes (also known as agranulocytes).  

* General Structure and Function 
1. Protection from microbes, parasites, toxins, cancer 

2. 1% of blood volume; 4-11,000 per cubic mm blood 

3. Diapedesis - can "slip between" capillary wall 

4. Amoeboid motion - movement through the body 

5. Chemotaxis - moving in direction of a chemical 

6. Leukocytosis - increased "white blood cell count" in response to   

bacterial/viral infection 

 

http://www.rnceus.com/cbc/cbcdiff.html
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 The granulocytes, which include neutrophils, eosinophils, and 

basophils, have granules in their cell cytoplasm. Neutrophils, 

eosinophils, and basophils also have a multilobed nucleus. As a result 

they are also called polymorphonuclear leukocytes or "polys." The nuclei 

of neutrophils also appear to be segmented, so they may also be called 

segmented neutrophils or "segs."  

 The nongranuloctye white blood cells, lymphocytes and monocytes, do 

not have granules and have nonlobular nuclei. They are sometimes 

referred to as mononuclear leukocytes.  

The lifespan of white blood cells ranges from 13 to 20 days, after which time 

they are destroyed in the lymphatic system. When immature WBCs are first 

released from the bone marrow into the peripheral blood, they are called "bands" 

or "stabs." Leukocytes fight infection through a process known as phagocytosis. 

During phagocytosis, the leukocytes surround and destroy foreign organisms. 

White blood cells also produce, transport, and distribute antibodies as part of the 

body's immune response.  

 

1. Neutrophils - destroy and ingest bacteria & fungi (polymorphonuclear leuks.; 

"polys") 

a. Most numerous WBC  

b. Defenses - antibiotic-like proteins (granules) 

c. Polymorphonuclear - many-lobed nuclei 

d. Causes lysis of infecting bacteria/fungi 

e. HIGH poly count --> likely infection 

 

2. Eosinophils - lead attack against parasitic worms 

a. Only 1-4% of all leukocytes 

b. Two-lobed, purplish nucleus 

c. Acidophilic (red) granules with digest enzymes 

d. Phagocytose antigens & antigen/antibody complex 

e. Inactivate chemicals released during allergies 

 

3. Basophils - releases Histamine which causes inflammation, vasodilation, 

attraction of WBCs 

a. RAREST of all leukocytes (0.5%) 

b. Deep purple U or S shaped nucleus 
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c.basophilic (blue) granules with HISTAMINE 

d.related to "mast cells" of connective tissue 

e.BOTH release Histamine with "IgE" signal 

f.antihistamine - blocks the action of Histamine in response to 

infection or allergic antigen 

 

Agranulocytes - WBCs without granules in cytoplasm: 

 

1. Lymphocytes - two types of lymphocytes 

 

a. T lymphocytes - (thymus) respond against virus infected cells and 

tumor cells. 

 

b. B lymphocytes - (bone) differentiate into different "plasma cells" 

which each produce antibodies against different antigens 

c. Lymphocytes primarily in lymphoid tissues 

d. Very large basophilic (purple) nucleus 

e. Small lymphocytes in blood (5-8 microns) 

f. Larger lymphocytes in lymph organs (10-17 mic) 

 

2. Monocytes - differentiate to become macrophages; serious appetites for 

infectious microbes 

a. Largest of all leukocytes (18 microns) 

b. Dark purple, kidney shaped nucleus 
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 Leukopoiesis and Colony Stimulating Factors (CSFs) 
 

1. Leukopoiesis - the production, differentiation, and 

development of white blood cells all cells derived from hemocytoblast 

2. Colony stimulating factors (CSF) - hematopoietic hormones 

that promote leucopoiesis 

 

a. Produced by Macrophages and T lymphocytes 

i.  Macrophage-monocyte CSF (M-CSF) 

ii.  Granulocyte CSF (G-CSF) 

iii.  Granulocyte-macrophage CSF (GM-CSF) 

iv.  Multi CSF (multiple lymphocyte action) 

v.  Interleukin 3 (IL-3) (general lymphocytes) 

 

 

* Two measurements of white blood cells are commonly done in a CBC: 

-The total number of white blood cells in a microliter (1x10
-9

 liters) of blood, 

reported as an absolute number of "X" thousands of white blood cells, and  

-The percentage of each of the five types of white blood cells. This test is 

known as a differential and is reported in percentages. 

* Normal values for total WBC and differential in adult males and females 

are:  

 Total WBC: 4,000 - 11,000  

 Bands or stabs: 3 - 5 %  

 Granulocytes (or polymorphonuclears)  

o Neutrophils : 50 - 70% relative value (2500-7000 absolute value)  

o Eosinophils: 1 - 3% relative value (100-300 absolute value)  

o Basophils: 0.4% - 1% relative value (40-100 absolute value)  

 Agranulocytes (or mononuclears)  

o Lymphocytes: 25 - 35% relative value (1700-3500 absolute value)  

o Moncytes: 4 - 6% relative value (200-600 absolute value)  
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Each differential always adds up to 100%. To make an accurate assessment, 

consider both relative and absolute values. For example a relative value of 70% 

neutrophils may seem within normal limits; however, if the total WBC is 20,000, 

the absolute value (70% x 20,000) would be an abnormally high count of 14,000.  

 

* The numbers of leukocytes changes with age and during pregnancy.  

 On the day of birth, a newborn has a high white blood cell count, ranging 

from 9,000 to 30,000 leukocytes. This number falls to adult levels within 

two weeks.  

 The percentage of neutrophils is high for the first few weeks after birth, 

but then lymphocyte predominance is seen.  

 Until about 8 years of age, lymphocytes are more predominant than 

neutrophils.  

 

 In the elderly, the total WBC decreases slightly.  

 Pregnancy results in a leukocytosis, primarily due to an increase in 

neutrophils with a slight increase in lymphocytes.  

 

Leukocytosis, a WBC above 10,000, is usually due to an increase in one of the 

five types of white blood cells and is given the name of the cell that shows the 

primary increase.  

 Neutrophilic leukocytosis = neutrophilia  

 Lymphocytic leukocytosis = lymphocytosis  

 Eosinophilic leukocytosis = eosinophilia  

 Monocytic leukocytosis = monocytosis  

 Basophilic leukocytosis = basophilia  

In response to an acute infection, trauma, or inflammation, white blood cells 

release a substance called colony-stimulating factor (CSF). CSF stimulates the 

bone marrow to increase white blood cell production. In a person with normally 

functioning bone marrow, the numbers of white blood cells can double within  
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hours if needed. An increase in the number of circulating leukocytes is rarely 

due to an increase in all five types of leukocytes. When this occurs, it is most 

often due to dehydration and hemoconcentration. In some diseases, such as 

measles, pertussis and sepsis, the increase in white blood cells is so dramatic that 

the picture resembles leukemia. Leukemoid reaction, leukocytosis of a 

temporary nature, must be differentiated from leukemia, where the leukocytosis 

is both permanent and progressive.  

Therapy with steroids modifies the leukocytosis response. When corticosteroids 

are given to healthy persons, the WBC count rises. However, when 

corticosteroids are given to a person with a severe infection, the infection can 

spread significantly without producing an expected WBC rise. An important 

concept to remember is that, leukocytosis as a sign of infection can be masked in 

a patient taking corticosteroids.  

 

Leukopenia occurs when the WBC falls below 4,000. Viral infections, 

overwhelming bacterial infections, and bone marrow disorders can all cause 

leukopenia. Patients with severe leukopenia should be protected from anything  

 

that interrupts skin integrity, placing them at risk for an infection that they do not 

have enough white blood cells to fight. For example, leukopenic patients should 

not have intramuscular injections, rectal temperatures or enemas.  

 A WBC of less than 500 places the patient at risk for a fatal infection.  

 A WBC over 30,000 indicates massive infection or a serious disease such 

as leukemia.  

 

 

 

 

 

 

Dr. Muhannad Shweash 


