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characterisics ..? 

 

Function ..? 

 

Composition ..? 

 

Formation  ..? 
 



• The normal pH range of blood is 7.35 to 7.45,which is slightly 

alkaline. The venous blood normally has a lower pH than the arterial 

blood because of presence of more Carbon dioxide. 

pH of blood 

• The temperature of the blood is 38°C(100.4°F), about 1°Chogher than 

oral or rectal body temperature. 
Temperature  

• ‘Viscosity’ means thickness or resistance to flow. Blood is about 3-5 

times denser & more viscous(thicker) than water  & feels slightly 

sticky. Viscosity is increased by the presences of blood cells & plasma 

proteins. This thickness contributes to normal blood pressure. 

Viscosity 

• The colour of blood varies with its oxygen content. Arterial blood is 

bright red due to it’s high level of oxygen. Venous blood has given up 

much of it’s oxygen in tissues & thus has a darker, dull red colour.  

Colour 

• Blood constitutes about 20% of extracellular fluid, amounting to 8% 

of total body mass. The blood volume is 5L to 6L(1.5gal) in average 

sized adult male & 4L to 5L(1.2gal) in an average sized adult female. 

  Amount 
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COMPLETE BLOOD COUNT 

 COMPONENT :  

 RBC                                                 platelets   

 HB  

 PCV OR HCT  

 MCV  

 MCH  

 MCHC  

 

 WBC or TLC 

 Neutrophiles  

 Lymphocytes 

 Monocytes  

 Easinophils  

 Basophiles  



FLOW CYTOMETER 

CELL COUNTER  



PRINCIBLE OF CELL COUNTER  



RED BLOOD CELLS.. 

 Normal Values 

 Males 4.7 to 6.0 million cells per microliter 

 Females 4.2 to 5.4 million cells per microliter 

 





Red Blood Cells count .   (RBC) 
 

 By using Diluting Fluid  ( Hayem’s fluid ) 

 

This should be isotonic so that RBCs are not hemolyzed. 

 

Normal saline can be used but it may cause  crenation of 

the RBCs and allow rouleaux formation. 

 

 

                                                              

 

. 

 

 



Tools and Method : 
 

1-Blood sample 
 

• Sample Required? 

 A blood sample drawn from a vein in your arm or a 

fingerstick or heelstick (newborns) 

 

• Test Preparation Needed? 

 None. 
 

 

              

                          

  

EDTA blood 



3- HEMOCYTOMETER 
 

Hemo: blood 

Cyto: cell 

Meter: measurement/counter 

 

Thus, it is an instrument used to count the blood cells. 

 

It includes: 

a) Neubauer’s slide 

b) Cover slip 

 



 4-Microscope 
 

Count the RBCs  using 40X 

objective in the 80 smallest 

squares as indicated 

in the diagram of the chamber 

 



Counting rules :- 

Calculation :- 

Cell count  =  N  x   dilution factor  x   depth factor   /  area counted 
 
Cell count  =  N  x   10.000 

Do not count cells touching 

 

- Bottom line 

- Right line 

 

 This is to avoid double counting. 

 



LOW RBC COUNT  

 

 Known as anemia  

 

 Acute or chronic bleeding 

 

 RBC destruction (e.g., hemolytic anemia, etc.) 

 

 Nutritional deficiency (e.g., iron deficiency, vitamin 
B12 or folate deficiency) 

 

 Bone marrow disorders or damage 

 

 Chronic inflammatory disease 

 

 Kidney failure 

 



HIGH RBC COUNT 

 Known as polycythemia 

  

 Dehydration 

 

 Pulmonary disease 

 

 Kidney or other tumor that produces excess 

erythropoietin 

 

 Smoking 

                          





HEMOGLOBIN 

 Hemoglobin (Hb) is the main constituent of the 

RBCs and carries out the important function of 

transportation oxygen from lungs to various 

parts of the body  it transports back carbon 

dioxide from the body to the lungs.  

 

 The red cell mass of an adult contains 

approximately 600 g of hemoglobin , capable of 

carrying 800 mL of oxygen 

 

   13.0-17.0 g/dl in males 

   11.5-15.5 g/dl in females 

 

 



Hemoglobin estimation 

methods  

1-  Sahli method or  ( acid hematin )  

2-  Cyanomethemoglobin method   



2-  Cyanomethemoglobin method   











HEMATOCRIT  (HCT) 

PACKED CELL VOLUME  (PCV) 

 

 

HEMATOCRIT IS THE VOLUME OF RED CELLS 

EXPRESSED AS A PERCENTAGE OF THE VOLUME OF 

WHOLE BLOOD IN THE SAMPLE . 

 

METHODS 

1. USING WINTROBE’S TUBE. 

 

2. USING MICROHEMATOCRIT CAPILLARIES 

 Males normal 45% 

 Females normal 40% 

 



Microhematocrit 

 
Capillary tubes coated with anticoagulant can be filled with 

blood obtained from finger puncture or from a 

venipuncture or with blood already anticoagulated. 

One end of the filled capillary tube is sealed with sealing 

wax (Plasticine) or the empty end is sealed with heat. 

The sealed tube is centrifuged for 3 minutes in a special 

high-speed centrifuge 

Capillary 

tubes  Centrifuge   



ERYTHROCYTE INDICES 

 
These can be calculated from: 

a. Hematocrit, 

b. Hemoglobin concentration 

c. Red cell counts. 

 

1-  The Mean Cell Volume (MCV) 

× 

 

 Normal Values 

 Adults 76–96 fl  

 MCV is reduced in microcytic anemia 

 MCV is raised in macrocytic anemia 

1   Mean Curpuscular Volume (MCV) 



The Mean Cell Hemoglobin (MCH) 

MCH = 

Hemoglobin in g/L 

Red cell count per mL 

pg. 

Normal MCH in adults is from 27 to 32 

pg. 

MCH is reduced in hypochromic 

anemias. 

The Mean Cell Hemoglobin 

Concentration (MCHC) 
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WHITE CELL COUNT (WBC) 
 

 White cell count (WBC) is the total number of 
leukocytes in a volume of blood, expressed as 
thousands/µl.  

 

 WBC can be done by manual methods or by automated 
cell counters. 

 

 

 Normal Values: 

• Newborn          9.0 - 30.0 x 103/μl 

• 2 years         6.0 - 17.0 x 103/μl 

• adult                      4.0 – 11.0 x 103/μl 



WBC, DIFERENTIAL COUNT : 

• Formal name:  

 White Blood Cell Differential 

• Sample Required? 

 A blood sample drawn from 

a vein in your arm or by a 

fingerstick (children and adults) or 

heelstick (infants) 

• Test Preparation Needed? 

 None 

Requirement & Method  

 

 

•  1 -  Sample Required? 

 

 A blood sample drawn from  a vein in your arm or 

by a fingerstick (children and adults) or heelstick 

(infants) 

 

 

• Test Preparation Needed? 

 None 

EDTA blood 



Mix the contents in the pipette and after five 

minutes by discarding few drops 

 

 fill the counting chamber ON Hemocytometer  and 

allow the cells to settle for two to three minutes. 

The glacial acetic acid lyses the red cells 

while the gentian violet slightly stains the 

nuclei of the leukocytes. 

The blood specimen is diluted 1:20 in a WBC 

pipette with the diluting fluid. 



3- HEMOCYTOMETER 

 

Hemo: blood 

Cyto: cell 

Meter: measurement/counter 

 

Thus, it is an instrument used to count the blood 

cells. 

 

It includes: 

a) Neubauer’s slide 

b) Cover slip 

 



 4-Microscope 
 

Count the WBCs  using 40X 

objective in the 64 smallest 

squares as indicated 

in the diagram of the chamber 
 

FOCUSING 

4X to see the general formation 

of  slide. 

10X for WBC counting 
 

 



COUNTING RULE 

 Do not count cells touching 

 Bottom line 

 Right line 

  This is to avoid double counting. 

 



No. of   WBCs in undiluted blood =   X / 64 x 160 x 20/mm³ 

                                                            

                                                            =    X    x   50  /    mm³  

Calculation :- 

 

 

 

 

 Total WBC Count :  4000 upto  11000 / cu.mm. 

 

 



MCH AND MCHC 

 Less in Microcytic Anemias 

 Normal in Macrocytic Anemias  

 Elevated in hereditary spherocytosis, sickle cell 

disease and Honozygous Hemoglobin C disease 



AGRANULOCYTES GRANULOCYTES 

Types of  White Blood cells 



MORPHOLOGY ( GRANULOCYTES ) 

Neutrophils 

 have fine or small granules in the cytoplasm  

granules appear violet in colour. 

 The nucleus is multilobed . nucleus has 4-5 lobes. 

    diameter – 10-12 microns  

 

Eosinophils 

 have larger granules in the cytoplasm  

stain bright red colour.the nucleus is bilobed.  

    diameter-10 and 14 microns 

 

Basophils 

have coarse granules in the cytoplasm. 

the granules stain purple blue  

with basic dyes like methylene blue. 

     diameter-8 to 10 microns 

    





Agranulocytes  
 

Monocytes 

 

 are largest leucocytes  

with diameter of 14 to 18 microns. 

the cytoplasm is clear without granules. 

the nucleus is kidney,round, oval,horseshoe shaped. 

- Play an important role in phagocytosis  

 

 

Lymphocytes 

have clear cytoplasm without granules. 

the nucleus is ovel shaped  

occupying the whole of the cytoplasm. 

- Play an important role in Immunity  



CONDITION  

IN WHICH ALTERATION IN DLC 

 

Neutrophilia- 

 

increased in neutrophil count called 

neutrophilic leukocytosis. 

this occurs in the following condition: 

1) Acute infections 

2) Metabolic disorders  

3) Injection of vaccines 

4) After acute hemorrhage 



                                        
Lymphocytosis 

 - increasd in lymphocyte count  is called 

lymphocytosis and this occurs in  

 

1) Diptheria 

2)  Infectious hepatitis 

3) Malnutrition 

4) Rickets 

 

 

 



                                   
Eosinophilia 

-increasd in eosinophil count is called eosinophilia 

and this occurs in  

 

1) Allergic condition 

2) Asthma 

3) Blood parasitism 

4) Scarlet fever 

 



                                   
Monocytosis 

-increasd in monocytes count is known  as 

monocytosis and occurs in  

 

1) Tuberculosis  

2) Syphilis 

3) Malaria 

 

 



                                           
Basophilia 

-increased in basophill count is called basophilia 

and it occur in  

 

1) Small pox  

2) Chicken pox  

3) Polycythemia vera 

 

 



Procedure 
 
 
 



PERIPHERAL BLOOD SMEAR 

Characteristics: 

 It is smooth without 

irregularities, holes, 

or streaks 

 When the slide is held 

up to light, the 

featheredge of the 

smear should have a 

“rainbow” appearance 

 The whole drop is 

picked up and spread 

Well-made PBS 



PERIPHERAL BLOOD SMEAR    

Examples of unacceptable smears 



Method of staining : 
 
 1-The blood film is dried for 2 minutes .  
 
 2-Pour Giemsa stain over the smear for 8-10 
minutes. 
  
 3-Wash off with dist. water and dry.  
 
The dried and stained film will be examined. 

 

A total of 100 cells should be counted in which 

every white cell seen must be recorded in a table 



WBC ESTIMATION UNDER 40X 

• Using  the × 40 high dry with no oil. 

• Choose a portion of the peripheral smear where there is 

only slight overlapping of the RBCs.  

• To do a WBC estimate by taking the average number of 

white cells and multiplying by 2000. 
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Cell Type Count/ 100 WBCs 

  

Neutrophil 

  

  

  

Lymphocyte 

  

  

  

Monocyte 

  

  

  

Eosinophil 

  

  

  

Basophil 

  

  



150.000 : 400.000 c / ml 



Dilution factor /     1:20  

No.    platelets  in undiluted blood  

                

             =   no of platelets in 5 squares     x 1000 

                                                            
150.000 : 400.000 c / ml Normal range  

Platelets Disorders 

Thrombocytopenia Thrombocytosis 
Platelet 

dysfunction 



THROMBOCYTOPENIA 

 Defined as reduced in the platelet count< 150, 000µL  

 The risk of bleeding depends on the level of the platelet 

count: 

 

 

   Mild 

thrombocytopenia 

(platelet <150 000 

cells/µL) 

    Moderate 

thrombocytopenia 

(platelet 20 000 -  50 

000 cells/µL) 

     Severe 

thrombocytopenia 

(platelet <20 000 

cells/µL) 



THROMBOCYTOSIS 

There is increased number of circulating 

platelets , the elevation is in the range of 

500,000_1000,000/cubic mm, but may be higher. 

  

 

 

 







Blood Groups. 

-Pallav R. Desai 

  Roll No. 21 



BLOOD GROUPS AND 

RHESUS FACTOR 





Blood Groups, Blood Typing and Blood 

Transfusions 

 

The discovery of blood groups 

 

 

                   

    

Experiments with blood transfusions, the transfer of blood or blood components into a person's blood 
stream, have been carried out for hundreds of years. Many patients have died and it was not until 
1901, when the Austrian Karl Landsteiner discovered human blood groups, that blood transfusions 

became safer. 

Mixing blood from two individuals can lead to blood clumping or agglutination. The clumped red cells 
can crack and cause toxic reactions. This can have fatal consequences. Karl Landsteiner discovered 
that blood clumping was an immunological reaction which occurs when the receiver of a blood 
transfusion has antibodies against the donor blood cells. 

 
Karl Landsteiner's work made it possible to determine blood types and thus paved the way for blood 
transfusions to be carried out safely. For this discovery he was awarded the Nobel Prize in Physiology 
or Medicine in 1930.  

  

  

 

 

                      

  

                                                         

                  
 

  

 

                  

                  

                  

Blood group 0 

If you belong to the blood group 0 (null), you have neither A or B antigens on the surface of your red 
blood cells but you have both A and B antibodies in your blood plasma. 

  

 

•The differences in human blood are due to the   
presence or absence of certain protein molecules 
called antigens and antibodies . 

 

•The antigens are located on the surface of the    
RBCs and the antibodies are in the blood plasma. 

 

•Individuals have different types and   
combinations of these molecules  .  

 

•The blood group you belong to depends on what 
you have inherited from your parents. 

 

What are the different blood groups? 

 
 



According to the ABO blood 
typing system there are four 
different kinds of blood types: A, 
B, AB or O (null .)  

 

 

  

ABO blood grouping system 



  The Rhesus (Rh) System  
  



Landsteiner and Weiner in 1940 discovered other 

antigens in human R.B.Cs and named rhesus antigens 

or Rh-antigen because the same antigens are present in 

monkey. 

 

One of the basic difference between ABO and Rh 

systems is that the Rh antibodies are not natural i.e. 

they are not present at birth but are synthesised in Rh 

negative persons in response to the presence of 

Rh+antigen. 

 

 

The Rhesus (Rh) System (Cont). 

  
 

 

 

 

 

 

 



  

    

 

                                                                            

• A person with Rh- blood develop Rh antibodies in the 
blood plasma if he or she receives blood from a 
person with Rh+ blood. If such a person is given Rh+ 
blood, its anti-Rh antibodies react with the donor’s Rh 
antigens and aggulate the blood. 

 

•A person with Rh+ blood can receive blood from a 
person with Rh- blood without any problems . 
 



Why is an Rh incompatibility so dangerous 
when ABO incompatibility is not during 
pregnancy ? 

Incompatibility is seen between Rh- woman and her foetus. Rh- 

woman when married to Rh+ man bears Rh+ foetus. Although 

the foetal and maternal blood do not come in direct contact due 

to placental barrier, some foetal R.B.C’s manage to enter the 

maternal blood stream. The Rh antigen on their surface induces 

formation of anti-Rh antibodies. These antibodies then cross the 

placenta and enter the foetus blood circulation and cause a 

blood disorder known as erythroblastosis foetalis. The 

reaction of Rh-woman against her Rh+offspring becomes 

progressively more severe with each subsequent pregnancy. 
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 If a blood transfusion is given to a person 

who has antibodies to that type of blood, 

then the transfused blood will be attacked 

and destroyed (transfusion reaction)  

Mis-Matched Blood Transfusion 





2- The physiological basis of ESR 

 
 
 
 
 

Adhesion between RBCs is ruled by the balance between factors 
that resist sedimentation, as negative charge of the erythrocytes 

(zeta potential).  
AND  

Those factors promote sedimentation (fibrinogen, 
immunoglbuline)  

 

 
 

- RBCs have specific gravity of 1090, while plasma has specific 
gravity of 1030.  
- RBCs will therefore  start to sediment slowly.  
- The greater the adhesion between RBCs in the form of rouleaux, 
the greater the ESR .  

 
 

 



3-How is the test performed?  
 

Apparatus : Wistergren tube (graded from 0 =200 mm.) 



 

 

1-  Fill with blood 
(0.5 ml. of sodium citrate solution is added to 2ml blood  {1-4 
ration }) 

2- Fill the  Wisergren tube to the mark 0 
and put the tube in the stand vertically. 

3- Read the height of the clear 
plasma column on the top of 
the RBCs after one hr.  

The results are 
expressed as  
ESR - ………….mm/ 
1st hour 
 



4- Define normal ranges 
 

 The normal values for ESR are: 

 
In male: first hr. 6mm. and second hr. 10mm. 

 

In female: first hr. 8mm. and second hr. 16mm. 

Q: Why do females have a slightly higher 

ESR than males ? 





PROCEDURE 
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