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Blood 

 Body fluids constitute 45 liters or 60% of the weight of the body.  

 Blood is a specialized connective tissue that constitutes 5 liters of all body fluids. 

 55% of the blood is plasma (water and dissolved materials). 

 45% of the blood is composed of cells suspended in the plasma. 

 Most of the blood is in the vessels; veins (70%) followed by arteries (10%). The 

remaining are in the heart and capillaries (5% each) and lungs (10%). 

 Being male, pregnant, exercising, at high altitude, excited (with high epinephrine 

level) may increase blood volume. Contraction of the spleen, particularly in 

some mammals, also increases blood volume. Standing up causes some of the 

blood fluids to move to the interstitial fluid decreasing blood volume. 

Blood Cells 

 Blood cells are suspended in the watery plasma. 

Note: 1 microliter (µL) = 1 cubic millimeter (mm3) 

 

 

 

 

 

 

 

Blood Plasma 

 It’s composed mainly of water (92%). 

 It carries many types of molecules (8%) such as electrolytes, gases, proteins and 

waste products. 

 

 

 

 

 

Cell Type Cells per µL of blood 
Erythrocytes 5,000,000 

All Leucocytes: 7000 100% 

Neutrophils 4340 62.0% 

Eosinophils 161 2.3% 

Basophils 28 0.4% 
Monocytes 371 5.3% 

Lymphocytes 2100 30.0% 

Platelets 250,000 
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Plasma Proteins 

 More than 1400 proteins in the plasma were identified. 

 Some of these are found in relatively high amounts and 

are thus essential to life. 

 Immunoglobulins (antibodies) are a class of γ-globulins. 

 All are produced by the liver. Only antibodies are also produced by plasma cells. 

 

 

 

 

 

 

 

Blood pH 

 Maintenance of Plasma pH within a narrow range is critical to life. 

 Blood plasma is normally slightly basic with pH ranges from 7.35 to 7.45. pH 

higher than 7.45 is termed alkalosis while pH lower than 7.35 is termed acidosis. 

 pH lower than 6.8 or higher than 7.8 eventually results in death by disturbing 

most physiologic functions. The most important of which are: 

o Proteins, including enzymes, denature and lose their activities. 

o The nervous system is disturbed. 

o K+ levels are altered secondarily to alteration of H+ concentration. 

Role of Plasma  

 Transport molecules and cells. 

 Exchange materials with the tissues to maintain their functions. 

 Water in the plasma helps to regulate body temperature. 

 Proteins and cells prevent fluids loss by clotting mechanisms. 

  

Albumin 4.5 g/dL 

Fibrinogen 2.5  g/dL 

Globulins 3  g/dL 

Recall:  

 20 different amino acids are found in human proteins. 

 12 of these are nonessential (i.e. can be synthesized in the body) and 8 are 

essential (i.e. can’t be synthesized in the body and thus, must be supplied in the 

diet. 

 Complete proteins such as chicken meat and their eggs proteins or fish meat 

contain all the essential amino acids. Incomplete proteins don’t contain all the 

essential amino acids and are found in vegetables. This is why some vegetarians 

are found to have lower than normal levels of essential amino acids. 
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Eryhthrocytes 

 They are biconcave, enucleated (without nucleus) cells.  

 Their size is constrained and can change their 

shape because efficient gas transport requires 

erythrocytes to pass through very narrow 

capillaries. 

 Mean corpuscular volume (MCV) is the 

average volume of erythrocytes. 

 MCV ranges from  80-100 femtoliter (femto = 

10-15) 

 Maximum thickness, minimum thickness, diameter and surface area are shown. 

 

Blood Components 

 The picture shows a centrifuged blood sample. 

 Hematocrit (packed cell volume) is the percentage 

of erythrocyte volume in a blood sample. 

 It’s 47% for men and 42% for women. 

 Plasma forms 55% of total blood volume. 

 Less than 1% is called buffy coat and is composed of 

leucocytes and platelets. 

 As much as 2% of blood cells are trapped in the 

plasma (trapped plasma) 
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Hemoglobin, Hematocrit and RBCs Count 

 In the fetus, these 3 are high because fetus blood oxygenation depends on the 

placenta and also because the chemical structure of their hemoglobin is different 

from older individuals. 

 At birth, the neonate breathes 

and the oxygenation becomes 

by lungs. This eliminates the 

need for both the high 

concentration of hemoglobin 

and its special structure. 

 At the age of 5 months, their 

levels become equal to the 

adult ones. 

 At puberty, testosterone 

indirectly increases their levels letting the slight difference between females and 

males to appear. 

 

 

 

 

Hematopoiesis (Blood Cells Production) 

 During the first trimester, 

RBCs are produced by the 

yolk sac.  

 After that, the liver and 

spleen start to produce RBCs.  

 At the beginning of the 5th 

month, the bone morrow 

becomes the main site of 

their production. However, 

lymph nodes also produce 

reasonable numbers.  

Additional info: why is hemoglobin level high in the fetus? 

Partial pressure of the dissolved oxygen in the fetal blood is only 30torr. This is not 

sufficient for the fetus to obtain the needed amounts of oxygen. High hematocrit 

and thus hemoglobin, and its special structure with higher than the adult one 

affinity for O2 lets oxygen be efficiently delivered to the developing fetus. 
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 At the end of gestation, only bone marrow produces blood cells. 

 Until the age of 5, bone marrow of essentially all bones produces blood cells. 

 The marrow of the long bones, except for the proximal portions of the humeri and 

tibiae, becomes quite fatty and produces no more red blood cells after about age 

20 years. 

 Beyond this age, most red cells continue to be produced in the marrow of the 

membranous bones, such as the vertebrae, sternum, ribs, and ilia. 

 Even in these bones, the marrow becomes less productive as age increases. 

 During fetal life, erythrocytes appear first followed by megakaryocytes and 

granulocytes (neutrophils, eosinophils, basophils). Lymphocytes followed by 

monocytes are the last to be produced. 

Regulation of Erythropoiesis 

 The total mass of red blood cells in the circulatory system is regulated within 

narrow limits so that adequate red cells are available to provide sufficient oxygen 

and at the same time, the cells do not become so numerous that they impede 

blood flow.  

 

 Factors that influence RBCs production rate: 

1. Reduced tissues oxygenation as a result of the following conditions is sensed by 

specialized cells in the kidneys which respond by the production of an important 

hormone, erythropoietin. Conversely, increased oxygenation as in people living 

at low altitudes decreases the rate. 

 Reduced blood volume or erythrocytes numbers. 

 Reduced hemoglobin concentration. 

 Anemia of any type (e.g. Hemorrhage) 

 Compromised blood flow (e.g. Cardiac failure and cardiopulmonary diseases) 

 Destruction of bone marrow (e.g. X-ray therapy) 

 Being at very high altitudes. 

2. Reduced vitamin B12 (cyanocobalmin) level. 

 The parietal cell in the gastric mucosa release an intrinsic factor that tightly 

binds to the extrinsic vitamin B12 supplied in the diet and prevents its 

destruction by the gastric secretions. This bound intrinsic factor then binds to 

specific receptors in the membranes of mucosal cells in the ileum to be 

absorbed along with vitamin B12. Also, vitamin B12 digesting bacteria is much 

less in the ileum than in the duodenum and jejunum 
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 The absorbed vitamin B12 is essential for the synthesis of DNA and RBCs 

maturation. It’s also important in the CNS as it’s involved in the myelination 

process. 

 Vitamin B12 is normally stored in the liver in an amount 1000 times that 

needed in erythropoiesis daily. Thus, 3 to 4 years of its defective absorption 

are required to cause pernicious anemia.  

 With deficient vitamin B12, RBCs’ maturation fails and their size increases 

resulting in the formation of the so called macrocytes. Macrocytes are oval-

shaped megaloblastic cells (high MCV) with normal hemoglobin concentration 

and thus ability to carry oxygen. These cells, however, have a short half-life of 

about 80 days rather than the normal 120 resulting in a type of macrocytic 

megaloblastic anemia called pernicious anemia. Severe anemia may cause 

sterility. 

 Conditions that may result in vitamin B12 deficiency: 
o Ileal resection. 

o Celiac disease; also known as celiac sprue.It results in intestinal villous 

atrophy and malabsorption. 

o Tropical sprue. Somewhat Resembles celiac disease and results in 

malabsorption. 

o Congenital deficiency in the gastric intrinsic factor. 

o Gastrectomy. 

o Veganism; since meat (especially liver) contain much higher amounts of the 

vitamin than plant sources. 

 

3. Folic acid (pteroylglutamic acid or vitamin B9) level. 

 It’s also found in meat (especially liver), vegetables and fruit but destroyed 

by cocking. 

 It’s essential for RBCs maturation and DNA synthesis. Unlike vitamin B12, it’s 

not necessary for the CNS functions. 

 It’s mainly absorbed in the jejunum because of the presence of carboxyl 

peptidase enzyme. 

 Its deficiency results in a megaloblastic anemia morphologically 

indistinguishable from that in B12 deficiency but not termed pernicious. 

Severe anemia may cause sterility. This vitamin deficiency is also occasionally 

associated with reversible skin pigmentation (especially on the face). 
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 Condition that may result in folate deficiency: 

o Jejunal resection. 

o Celiac disease and tropical sprue. 

o Conditions associated with increased demand for the vitamin rather than 

reduced level; pregnancy, premature birth and hemolytic anemia. 

4. Iron level 

 Iron is a trace element; only 4-5 grams are found in normally in the body. 

 It’s an essential component of the heme group which is present in 

hemoglobin (in erythrocytes), myoglobin (in muscles), neuroglobin (in brain) 

and a calss of proteins called cytochromes. 

 It’s found in nature as the fully oxidized form Fe3+ (ferric) and Fe2+ (ferrous). 

However, only Fe+2 is found in the body and serves the desired functions. 

 Iron absorption per surface area unit is greatest in the duodenum and 

decreases caudally. However, the overall absorbed amount is greatest in the 

jejunum owing to its much greater length. 

 Iron absorption 

o Dietary iron in plant 

sources (Fe3+) is first 

converted into Fe2+ by the 

acidic medium in the 

stomach. 

o Free Fe2+ and iron 

containing compounds in 

the ingested meat 

(hemoglobin and 

myoglobin) bind to 

apotransferrin in the 

lumen (a protein 

synthesized in the liver 

and released in the bile) 

to form transferrin. 
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o Now, 3 form of iron are in the lumen; free Fe2+, transferrin and heme. 

a. Heme is transported into the cell where its iron ion is released free. 

b. Free Fe2+ is transported to the intestinal mucosal cells. Some ions are 

stored by binding to ferritin protein in the cells. Others get oxidized to 

Fe3+ and leave the cell to enter the plasma and bind to transferrin. 

c. Transferrin is transferred by pinocytosis to the cells and with its 

bound iron leaves the cell to enter the plasma. 

o The amount of iron in the body is regulated by affecting its absorption  

Factors that increase iron absorption Factors that decrease iron absorption 

Fe2+ (ferrous) Fe3+ (ferric) 

Inorganic iron  Organic iron  

Acids (HCL, vitamin C) Alkalis, antacids, pancreatic secretions 

Solubilizing agents (sugars, amino acids) Precipitating agents (phytates, phosphates) 

Iron deficiency  Iron excess 

Increased eryhthropoiesis  Decreased eryhthropoiesis 

Pregnancy Infections 

Primary hemochromatosis Tea, Desferrioxamine 

o Phytates are found in cereals and bread. Eating too much bread, especially 

with tea, may result in iron deficiency and consequently anemia. 

Group 

Iron lost 

(mg/day) Required 

for 

Growth 

Required 

in 

pregnancy 

Total 

required 

amount 

(Must be 

supplied) 

Urine 

sweat 

feces 

Menses 

Male / Postmenopausal female 0.5-1    0.5-1 

Children 0.5  0.6  1 

Pregnant female  0.5-1   1-2 1.5-3.0 

Menstruating female 0.5-1 0.5-1   1-2 

12-15 old female 0.5-1 0.5-1 0.6  1-2.5 
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 Iron requirement:  

o The previous table shows that the last 3 groups require the highest 

amount of iron daily. Therefore, they are the most vulnerable to develop 

iron deficiency. Note that iron required daily ranges from 0.5 to 3mg. 

 Iron deficiency:  

o May be a result of: 

a. Poor diet. Low amounts of iron intake are needed daily, so poor diet is 

a relatively rare cause but is the most important deficiency related to 

malnutrition worldwide. 

b. Unmet Increased demand as in the above mentioned groups. 

c. Malabsorption as in celiac disease and gastrectomy. 

d. Blood loss through the uterus or the GI tract (peptic ulcers, aspirin 

ingestion, infections, piles). 

o   Causes microcytic (small size) hypochromic (low hemoglobin 

concentration) anemia termed Iron deficiency anemia (IDA). 

o   Iron deficiency affects 30% of the population. 

o  Note: causes of microcytic hypochromic anemia: 

a. Sideroblastic anemia in which iron levels are high but not incorporated 

into protoporphyrin because its synthesis is defective.  

b.  α or β thalassemia in which the synthesis of the protein part of 

hemoglobin is defective. Thalassemia and IDA are the most common 

forms of microcytic anemia. 

c. Chronic inflammation or malignancies in which iron is trapped in 

macrophages. 

 Distribution of iron: 

o Most of the iron (65%) is in the form of hemoglobin; 30% stored mainly 

bound to ferritin; 3.5% in the form of myoglobin; 0.5% incorporated in 

heme containing enzymes; 0.1% bound to transferrin. 

5. Trace elements (copper and cobalt) 

6. Bone marrow activity. 

7. Liver activity (protein synthesis and storage and erythropoietin synthesis) 

8. Hormones like erythropoietin, androgens, corticosteroids, GH and T3) 
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Hemoglobin 

 Adult hemoglobin is a tetramer composed of 4 polypeptide chains (2α and 2β) 

each bound to a prosthetic group, heme. 

 The number of amino acids in each α subunit is 141 and 146 in β subunit. 

 The protein portion constitutes 96% of the hemoglobin molecule and is 

synthesized via the ribosomes. The rest (4%) is heme which is synthesized in the 

mitochondria. 

 The protein part can reversibly bind to and transport H+, CO2, DPG                      

(2,3-bisphosphoglycerate). Heme can only bind to and transport O2. 

 Average hemoglobin concentration is 15mg/dl (16 in males and 14 in female). 

   Synthesis: 

1) The first, committed and rate limiting step is the condensation of succinyl CoA 

and glycine to produce δ-aminolevulinic acid (δ-ALA). The enzyme is called 

ALA synthase and requires vitamin B6 (pyridoxal phosphate) as a coenzyme. 

This reaction is inhibited by heme and stimulated by erythropoietin. 

2) Further reactions take place and lead to the synthesis of protoporphyrin IX 

3) Protoporphyrin IX binds to Fe2+ to form heme. 

4) One heme molecule binds to each subunit of the globin protein to form 

hemoglobin. 

o Most hemoglobin synthesis (65%) takes place in erythroblast. The rest 35% 

takes place in reticulocytes. 

   Types in humans: 

o The last 3 are embryonic and normally not present at all after birth. 

o Note the variation in the proportion of each type in adults and newborns. Also 

note the molecular structure of each type (ε = epsilon; ζ = zeta). 

( 
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o Since ζ and ε chains are 

embryonic, they 

disappear early in 

embryonic life. 

o Since γ chain is fetal and 

embryonic, it persists 

even after birth. 

o After birth, β chain 

replaces γ chain (i.e. adult 

hemoglobin replaces fetal 

hemoglobin. δ chain               starts to appear to form  

hemoglobin A2. 

o At 6 months age, the adult type almost totally replaces the fetal type. The fetal type 

constitutes less than 1% of the total hemoglobin. 

Binding to oxygen and other ligands 

 20ml per 100ml of blood is 

oxygen. Only 0.3ml are dissolved 

in the plasma; the rest is bound 

to hemoglobin in erythrocytes. 

By studying the oxygen-hemoglobin 

dissociation curve to the right, one 

can see that: 

 At Po2 = 100 mmHg (the partial 

pressure of oxygen in the lung), 

97% of hemoglobin is saturated 

with O2. 

 At Po2 = 40 mmHg (in the 

tissues), 75% of hemoglobin is saturated with oxygen and the rest 22% dissociate. 

 P50 is the partial pressure of oxygen at which half of hemoglobin is saturated with 

oxygen; that is, 2 of every 4 Fe2+ have bound O2. Its value is 26 mmHg. 
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 The numbers in the curve does not vary among individuals. However, these 

numbers change according to some factors in the same individual. The change is 

either shift in the curve to the left or to the right. 

 Shifting the curve to the right means that P50 increases and affinity of hemoglobin to 

oxygen decreases. This is a result of increased DBG, temperature and Pco2 and 

decreased PH. The opposite shifts it to the left decreasing P50. 

 

 

 The figure shows the 

difference in P50 between 

adult hemoglobin, fetal 

hemoglobin and myoglobin. 

It’s clear that myoglobin 

binds oxygen more tightly. 

The higher affinity of fetal 

hemoglobin to oxygen than 

the adult one is necessary 

to supply the embryo with 

the needed amounts of 

oxygen. 

 

 

 

 

 The figure shows the relationship between oxygen 

content in the blood and Po2 at different 

hemoglobin concentrations, 15, 10 and 5 g/dl. 

Oxygen carried in blood is greatly decreased in 

anemic patients.  
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Red blood cells characteristics  

 Male Female Unit 

Hematocrit (HCT) 47 42 % 

RBCs count (RCC) 5.4 4.8 Million cells 

Hemoglobin concentration (Hb) 16 14 Gram/deciliter 

Mean corpuscular volume (MCV) 87 87 Femtoliter 

Mean cell hemoglobin (MCH) 29 29 Picogram 

Mean corpuscular hemoglobin concentration (MCHC) 34 34 Gram/deciliter 

Mean cell diameter 7.5 7.5 Micrometer 

 

1. Mean corpuscular volume is the volume of one RBC. It’s obtained by dividing the 

volume of RBCs by RCC in that volume. For example, in one microliter, the cellular 

volume is 0.47µL (since HTC = 47%). 0.45µL/5.4 x 106 cells/µL produces 87fL/cell. 

MCV ranges from 80-100. RBCs with MCV lower than 80 are microcytic while cells 

with MCV higher than 100 are macrocytic. 

2. Mean corpuscular hemoglobin is the amount of hemoglobin (in grams) in one 

RBC. It’s obtained by dividing the amount of hemoglobin in a sample by RCC in 

that sample. For example, in one deciliter (0.1L), the amount of hemoglobin is 16g 

and the RCC is 5.4 x 1011 cells. 16g/5.4 x 1011 cells produces 29g/cell. 

MCH ranges from 28-32. A value lower than 28 indicates a possible hypochromia 

while a value higher than 32 indicates a possible hyperchromia. MCV and MCHC 

must be tested to make a correct conclusion.  

3. Mean corpuscular hemoglobin concentration is similar to the hemoglobin 

concentration but with different denominator. It’s obtained by dividing the 

amount of hemoglobin in a blood sample by RBCs volume in that sample rather 

than the whole sample volume. For example, in one deciliter, the amount of 

hemoglobin is 16g and the RBCs volume is 0.47dl (since HTC = 47%). 16g/0.47dL 

produces 34g/dl.  

MCHC ranges from 32-36. A value lower than 32 indicates a possible hypochromia 

while a value higher than 36 indicates a possible hyperchromia. MCV and MCH 

must be tested to make a conclusion.  
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Anemia  

 Microcytic: small size; Macrocytic: large size; hyperchromic: increased hemoglobin 

concentration in a cell; hypochromic: decreased hemoglobin concentration in a 

cell; in a normochromic normocytic anemia, the size and hemoglobin 

concentration in the cells are normal but the anemia is caused by a decrease in 

RBCs count (aplastic anemia) 

 Anemia with reduced RBCs count decreases blood viscosity and thus blood flow 

resistance. Furthermore, blood vessels respond to hypoxia by vasodilation. These 

result in increase in blood returned to the heart and consequently increase in 

heart rate and heart workload. 

Polycythemia and erythrocytosis 

 In both conditions, RBCs count per unit volume is elevated. The term 

erythrocytosis, however, is usually used to denote a physiological elevation     

while polycythemia denotes a pathological elevation (e.g. cancer).  
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 These conditions are usually associated with increased hemoglobin concentration. 

 Erythrocytosis can be absolute or relative.  

 Relative erythrocytosis results from dehydration (e.g. vomiting, diarrhea or 

diuretics use) 

 Absolute erythrocytosis is a real increase in total RBCs mass. It’s an adaptive 

response to many conditions and thus, always associated with increased 

erythropoietin level. Such conditions include living at high altitude and pulmonary 

diseases, drugs administration (e.g. cobalt), high androgens or T3 levels. 

 Polycythemia, on the other hand, may be primary or secondary. 

 Primary polycythemia (polycythemia vera) results from an autonomous neoplastic 

proliferation of erythroid progenitors and thus, is either associated with normal or 

low erythropoietin level or a pathologic increase in its level as occurs with 

erythropoietin secretin tumors (renal cell carcinoma, hepatocellular carcinoma and 

cerebellar hemangioblastoma) 

 Some books use polycythemia and erythrocytosis as synonyms. They classify it as 

either relative or absolute and classify the absolute as primary (without increase in 

erythropoietin level) or secondary ( with increase in erythropoietin level) 

 In polycythemia, the viscosity of blood increases increasing the resistance of blood 

flow and decreasing the venous return to the heart which responds by pumping 

harder. This increases the venous return and heart workload. 

 In polycythemia, RBCs don’t all get oxygenated in the lungs. This results in cyanosis 

(blue skin). 

 

Erythrocyte sedimentation rate (ESR) 

 ESR is the rate at which red blood cells sediment in a period of one hour. 

 In the past, the test was performed by placing anticoagulated blood in an upright 

tube kept in fixed temperatue and humidity for 1 hour. Then the rate at which 

RBCs fall was measured in mm/h. Now, ESR test is automatically performed. 

 Many types of tubes were used (Westergen, Wintrobe, Landau, Cultur). They 

differ in length, diameter, range of graduation and height of blood column and 

thus the normal ESR range. 
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 The normal range of ESR test result performed by Wintrobe tube ranged from 1-

5mm/h in males and may reach 15mm/h in females 

 The fall in RBCs level is favored by prosedimentation factors (mainly fibrinogen 

and to a lesser extent globulins) and resisted by the repulsion between the 

negatively charged erythrocytes. 

 RBCs sedimentation is termed rouleaux because it resembles a cylindrical pocket 

of coins. 

 Factors affecting ESR: 

o RBCs shape: in sickle cell anemia or sphercytosis cells don’t sediment easily 

and ESR is decreased. 

o RBCs size. 

o RBCs count: in anemia the repulsion is less and ESR is higher. The opposite 

occurs in polycythemia. 

o Plasma proteins: increased fibrinogen or globulins increase ESR. This occurs in 

infections, rheumatoid arthritis, tuberculosis, hepatitis, connective tissue 

destructive diseases and vascular diseases.  

o Technical factors: high room temperature or humidity increases ESR. Tilting of 

the tube as low as 3 degrees can increase the error factor to 30%. 

 ESR test can confirm the presence of a disease. However, it’s not specific for a 

disease. 

 ESR is higher in elderly owing to the increased connective tissue destruction. It’s 

also slightly higher in females tan in males. 

 

Osmotic fragility test: 

 A drop of blood is added to many tubes each containing a hypotonic NaCl solution 

but with different concentrations and RBCs rupture (hemolysis) is then observed. 

Note that the isotonic concentration is 0.9% and that normal RBCs start to 

hemolyze at a concentration of 0.55% and are completely hemolyzed at a 

concentration of 0.3%. 
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 In hemolytic anemia or 

hereditary spherocytosis, 

RBCs begin to rupture at an 

NaCl solution only slightly 

hypotonic; that is, their 

osmotic fragility is increased. 

 In sickle cell anemia, iron 

deficiency anemia and 

thalassemia, RBCs begin to 

rupture at a very hypotonic NaCl solution, that is, their osmotic fragility is 

decreased.  

 The main factor which affects the osmotic fragility test is the shape of the RBCs, 

which in turn is dependent on the volume, surface area and the functional state 

of the cells. 

 The cause of abnormalities in hemolytic cells could be either in the cell itself such 

as a deficiency of an enzyme like G6PD or some elements in the blood as in blood 

groups incompatibility, some drugs, and some infections like malaria. 

 

Leukocytes (Leucocytes, white blood cells or WBCs) 

 Their normal range in the blood is 4000-11000 cells/µL. The range is not sex 

dependent but varies in the same individual. 

 Their number in the blood reaches its maximum in the evening and its minimum 

in the morning (i.e. they exhibit a diurnal rhythm). Their count is also increased 

after a meal or exercise.  

 A leukocytes count less than 4000 or higher than 11000 is called leukocytosis and 

leukocytopenia, respectively. 

 Leukocytes are classified as granulocytes (neutrophils, basophils and eosinophils), 

monocytes and lymphocytes. 

 WBCs contain a nucleus and mitochondria and other organelles. 

 The half-life of WBCs differs from cell type to another. It’s only hours for 

neutrophils and may reach up to years for monocytes (as macrophages) and 

months for lymphocytes. This depends on the body’s need for these cells. 
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 They act mainly in tissues outside blood vessels. 

 50% of the WBCs in the blood are adherent to the inner vascular walls (marginal 

pool). 

 These cells join the circulating ones in cases of hemorrhage or hemolysis. 

 Most of WBCs in the blood are normally neutrophils. However, lymphocytes may, 

in some cases, outnumber neutrophils. Refer to the table in page 1 to see the 

normal differential count of WBCs.  

 Neutrophils number increase in bacterial infection; lymphocytes in viral 

infections; monocytes in parasitic infections; eosinophils, and to a lesser extent 

basophils, in allergic reactions. 

 Microscopically: 

o Neutrophils: 3-5 lobes of the nucleus. 

o Eosinophils: orange in color and obvious granules. 

o Basophils: the nucleus is covered the large granules. 

o Lymphocytes: large nucleus that fills the cytoplasm. 

o Monocytes: gray cytoplasm and sometimes, the horse-shoe shaped nucleus. 

 All leukocytes can: 

o Pass through the vascular walls; a phenomenon called diapedesis, 

o Move in the blood vessels and in tissues by extending pseudopods; a 

phenomenon called ameboid motion. 

o Travel to the site of infection by chemotactic attraction. 

o Phagocyte foreign bodies. This mainly is accomplished by neutrophils and 

monocytes. 

 Leucopoiesis 

o All WBCs are derived from a stem cell in the bone marrow. 

o This requires many factors such as interleukins 1, 3 and  6, granulocyte-colony 

stimulating factor (G-CSF) and granulocyte macrophage-colony stimulating 

factor (GM-CSF). Note: the last 2 are so called because they stimulate the 

formation of a colony when applied to a single cell in vitro. 

o There are many steps in the formation of the final WBCs; each of which is 

regulated by one or more factors produced from one or more sources. 
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o Formation of WBCs takes 6 days in the bone marrow. After formation, WBCs 

stay in the bone marrow for another 6 days and are then released into the 

circulation. 

 Leucocytosis:  

o Controlled increase in WBCs count. When the cause is eliminated, WBCs count 

return back to normal. 

 Leukemia:  

o Uncontrolled malignant increase in WBCs count. 

o The uncontrolled proliferation of WBCs progenitor cells results in anemia and 

thrombocytopenia because the cells are alternatively used to form WBCs 

rather than erythrocytes and thrombocytes. 

o Causes include genetic and environmental factors, radiation and the exposure 

to certain chemicals and viruses. 

o In leukemia, all types of WBCs are increased in number. However, sometimes, 

only one is affected. 

o Leukemia can be acute or chronic. 

o Acute leukemia mostly affects children. It’s characterized by sudden and 

stormy onset.  The patient experiences flu-like symptoms, bone pain, anemia, 

increased vulnerability to infections and increased tendency to bleed. 

o In acute leukemia, the cells are bizarre; that is, they don’t resemble normal 

WBCs at all and thus, they don’t protect against infections. 

o Chronic leukemia mostly affects elderly and characterized by the slow onset 

and milder symptoms. In chronic leukemia, cells are better differentiated than 

cells in the acute one. 

o Depending on the cell or origin, leukemia is either lymphocytic or myelocytic. 

o Complications: 

 Metastasis to the bone, spleen, lymph nodes and liver. This justifies the 

need to diagnose and treat the disease early. 

 Anemia, thrombocytopenia and frequent infections. 

 Excessive consumption of the metabolic substrates of the tissues invaded 

depleting its energy stores and proteins. 


