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Blood Cells

21Laboratory Exercise

Purpose of the Exercise

To review the characteristics of blood cells, to examine them 
microscopically, and to perform a differential white blood 
cell count.

Learning Outcomes

After completing this exercise, you should be able to

1  Identify and sketch red blood cells, five types of white 
blood cells, and platelets.

2  Describe the structure and function of red blood cells, 
white blood cells, and platelets.

3  Perform and interpret the results of a differential white 
blood cell count.

Materials Needed

Compound light microscope
Prepared microscope slides of human blood (Wright’s 

stain)
Colored pencils

For Demonstration Activity:
Mammal blood other than human or contaminant-

free human blood is suggested as a substitute for 
collected blood

Microscope slides (precleaned)
Sterile disposable blood lancets
Alcohol swabs (wipes)
Slide staining rack and tray
Wright’s stain
Distilled water

For Learning Extension Activity:
Prepared slides of pathological blood, such as eosino-

philia, leukocytosis, leukopenia, and lymphocytosis

Pre-Lab

Carefully read the introductory material and examine 
the entire lab. Be familiar with RBCs, WBCs, and 
platelets from lecture or the textbook. Answer the pre-
lab questions.

Pre-Lab Questions: Select the correct answer for 
each of the following questions:

 1. Which of the following have significant functions 
mainly during bleeding?
 a. red blood cells b. white blood cells
 c. platelets d. plasma

 2. Which of the following is among the agranulocytes?
 a. monocyte b. neutrophil
 c. eosinophil d. basophil

 3. Which white blood cell has the greatest nuclear 
variations?
 a. monocyte b. neutrophil
 c. eosinophil d. basophil

 4. A ____________ lacks a nucleus.
 a. red blood cell b. lymphocyte
 c. monocyte d. basophil

 5. Which cell has a large nucleus that fills most of the 
cell?
 a. red blood cell b. platelet
 c. eosinophil d. lymphocyte

Safety

 ▶ It is important that students learn and practice cor-
rect procedures for handling body fluids. Consider 
using either mammal blood other than human or 
contaminant-free blood that has been tested and is 
available from various laboratory supply houses. 
Some of the procedures might be accomplished as 
demonstrations only. If student blood is used, it is 
important that students handle only their own blood.

 ▶ Use an appropriate disinfectant to wash the labora-
tory tables before and after the procedures.

 ▶ Wear disposable gloves and safety glasses when 
handling blood samples.

 ▶ Clean the end of a finger with an alcohol swab 
before the puncture is performed.

 ▶ The sterile blood lancet should be used only once.

▶ Dispose of used lancets and blood-contaminated 
items in an appropriate container (never use the 
wastebasket).

 ▶ Wash your hands before leaving the laboratory.
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Warning

Because of the possibility of blood infections being 
transmitted from one student to another if blood slides 
are prepared in the classroom, it is suggested that com-
mercially prepared blood slides be used in this exercise. 
The instructor, however, may wish to demonstrate the 
procedure for preparing such a slide. Observe all safety 
procedures for this lab.

Demonstration Activity

To prepare a stained blood slide, follow these steps:

 1. Obtain two precleaned microscope slides. Avoid 
touching their flat surfaces.

 2. Thoroughly wash hands with soap and water and 
dry them with paper towels.

 3. Cleanse the end of the middle finger with an alco-
hol swab and let the finger dry in the air.

 4. Remove a sterile disposable blood lancet from its 
package without touching the sharp end.

 5. Puncture the skin on the side near the tip of the 
middle finger with the lancet and properly discard 
the lancet.

 6. Wipe away the first drop of blood with the alcohol 
swab. Place a drop of blood about 2 cm from the 
end of a clean microscope slide. Cover the lanced 
finger location with a bandage.

 7. Use a second slide to spread the blood across the 
first slide, as illustrated in figure 21.1. Discard the 
slide used for spreading the blood in the appropri-
ate container.

 8. Place the blood slide on a slide staining rack and 
let it dry in the air.

 9. Put enough Wright’s stain on the slide to cover the 
smear but not overflow the slide. Count the number 
of drops of stain that are used.

 10. After 2–3 minutes, add an equal volume of dis-
tilled water to the stain and let the slide stand for 

FIGURE 21.1 To prepare a blood smear: (a) place 
a drop of blood about 2 cm from the end of a clean slide; 
(b) hold a second slide at about a 45º angle to the first one, 
allowing the blood to spread along its edge; (c) push the 
second slide over the surface of the first so that it pulls the 
blood with it; (d) observe the completed blood smear. The 
ideal smear should be 1.5 inches in length, be evenly 
distributed, and contain a smooth, feathered edge.

 6. Which leukocyte is the most abundant in a normal 
differential count?
 a. basophil b. monocyte
 c. neutrophil d. lymphocyte

 7. Eosinophil numbers typically increase during 
allergic reactions.
True _____ False _____

 8. Erythrocytes are also called granulocytes because 
granules are visible in their cytoplasm when using 
Wright’s stain.
True _____ False _____

4 minutes. From time to time, gently blow on the 
liquid to mix the water and stain.

 11. Flood the slide with distilled water until the blood 
smear appears light blue.

 12. Tilt the slide to pour off the water, and let the slide 
dry in the air.

 13. Examine the blood smear with low-power magnifi-
cation, and locate an area where the blood cells are 
well distributed. Observe these cells, using high-
power magnification and then an oil immersion 
objective if one is available.

X

X
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Blood is a type of connective tissue whose cells are 
suspended in a liquid extracellular matrix called plasma. 
Plasma is composed of water, proteins, nutrients, electro-
lytes, hormones, wastes, and gases. The cells, or formed 
elements, are mainly produced in red bone marrow, and they 
include erythrocytes (red blood cells; RBCs), leukocytes 
(white blood cells; WBCs), and some cellular fragments 
called platelets (thrombocytes). The formed elements com-
pose about 45% of the total blood volume; the plasma com-
poses approximately 55% of the blood volume.

Red blood cells contain hemoglobin and transport gases 
between the body cells and the lungs, white blood cells 
defend the body against infections, and platelets play an 
important role in stoppage of bleeding (hemostasis).

Clinics and hospitals test blood using a modern hema-
tology blood analyzer. The more traditional procedures per-
formed in these laboratory exercises will help you better 
understand each separate blood characteristic. On occasion, 
a doctor might question a blood test result from the hematol-
ogy blood analyzer and request additional verification using 
traditional procedures.

Procedure A—Types of Blood Cells

 1. Refer to figures 21.2 and 21.3 as an aid in identifying 
the various types of blood cells. Study the functions 
of the blood cells listed in table 21.1. Use the prepared 
slide of blood and locate each of the following:

red blood cell (erythrocyte)
white blood cell (leukocyte)

• granulocytes

• neutrophil

• eosinophil

• basophil

• agranulocytes

• lymphocyte

• monocyte

platelet (thrombocyte)
 2. In Part A of Laboratory Assessment 21, prepare sketches 

of single blood cells to illustrate each type. Pay particu-
lar attention to relative size, nuclear shape, and color 
of granules in the cytoplasm (if present). The sketches 
should be accomplished using either the high-power 

FIGURE 21.2  Micrograph of a blood smear using Wright’s stain (500×).

TABLE 21.1 Cellular Components of Blood

Component Function

Red blood cell 
(erythrocyte)

Transports oxygen and carbon dioxide

White blood cell 
(leukocyte)

Destroys pathogenic microorganisms and 
parasites, removes worn cells, and 
provides immunity

 Granulocytes—have granular cytoplasm

 1.  Neutrophil Phagocytizes bacteria

 2.  Eosinophil Destroys parasites and helps control 
inflammation and allergic reactions

 3.  Basophil Releases heparin (an anticoagulant) and 
histamine (a blood vessel dilator)

 Agranulocytes—lack granular cytoplasm

 1.  Monocyte Phagocytizes dead or dying cells and 
microorganisms

 2.  Lymphocyte Provides immunity

Platelet 
(thrombocyte)

Helps control blood loss from injured 
blood vessels; needed for blood clotting

Erythrocytes
(RBCs)

Leukocytes
(neutrophils)

Platelets



Neutrophils (3 of many variations)
•Fine light-purple granules
•Nucleus single to five lobes (highly variable)
•Immature neutrophils, called bands, have a 
 single C-shaped nucleus
•Mature neutrophils, called segs, have a lobed nucleus
•Often called polymorphonuclear leukocytes when older

Eosinophils (3 of many variations)
•Coarse reddish granules
•Nucleus usually bilobed

Basophils (3 of many variations)
•Coarse deep blue to almost black granules
•Nucleus often almost hidden by granules

Lymphocytes (3 of many variations)
•Slightly larger than RBCs
•Thin rim of nearly clear cytoplasm
•Nearly round nucleus appears to fill most of cell
 in smaller lymphocytes
•Larger lymphocytes hard to distinguish from monocytes

Monocytes (3 of many variations)
•Largest WBC; 2–3x larger than RBCs
•Cytoplasm nearly clear
•Nucleus round, kidney-shaped, oval, or lobed

Platelets (several variations)
•Cell fragments
•Single to small clusters

Erythrocytes (several variations)
•Lack nucleus (mature cell)
•Biconcave discs
•Thin centers appear almost hollow

196

FIGURE 21.3  Micrographs of blood cells illustrating some of the numerous variations of each type. Appearance 
characteristics for each cell pertain to a thin blood film using Wright’s stain (1,000×).
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FIGURE 21.4 Move the blood slide back and forth 
to avoid passing the same cells twice.

TABLE 21.2 Differential White Blood Cell Count

Cell Type
Normal Value 

(percent)
Elevated Levels May 

Indicate

Neutrophil 54–62 Bacterial infections, stress

Lymphocyte 25–33 Mononucleosis, whooping 
cough, viral infections

Monocyte 3–9 Malaria, tuberculosis, 
fungal infections

Eosinophil 1–3 Allergic reactions, 
autoimmune diseases, 
parasitic worms

Basophil <1 Cancers, chicken pox, 
hypothyroidism

Learning Extension Activity

Obtain a prepared slide of pathological blood that has 
been stained with Wright’s stain. Perform a differential 
white blood cell count, using this slide, and compare 
the results with the values for normal blood listed in 
table 21.2. What differences do you note?

 

 

 

 

 

objective or the oil immersion objective of the com-
pound light microscope.

 3. Complete Part B of the laboratory assessment.

Procedure B—Differential 

White Blood Cell Count

A differential white blood cell count is performed to deter-
mine the percentage of each of the various types of white 
blood cells present in a blood sample. The test is useful 
because the relative proportions of white blood cells may 
change in particular diseases as indicated in table 21.2. Neu-
trophils, for example, usually increase during bacterial 
infections, whereas eosinophils may increase during certain 
parasitic infections and allergic reactions.

 1. To make a differential white blood cell count, follow 
these steps:

 a. Using high-power magnification or an oil immersion 
objective, focus on the cells at one end of a prepared 
blood slide where the cells are well distributed.

 b. Slowly move the blood slide back and forth, follow-
ing a path that avoids passing over the same cells 
twice (fig. 21.4).

 c. Each time you encounter a white blood cell, identify 
its type and record it in Part C of the laboratory 
assessment.

 d. Continue searching for and identifying white blood 
cells until you have recorded 100 cells in the data 
table. Percent means “parts of 100” for each type of 
white blood cell, so the total number observed is 
equal to its percentage in the blood sample.

 2. Complete Part C of the laboratory assessment.
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Name 

Date 

Section 

The  corresponds to the indicated outcome(s) found at the beginning of the 
laboratory exercise.

Red blood cell ( ×) Neutrophil ( ×) Lymphocyte ( ×)

Monocyte ( ×) Eosinophil ( ×) Basophil ( ×)

Platelet ( ×)
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Blood Cells

Part A Assessments

Sketch a single blood cell of each type in the following spaces. Use colored pencils to represent the stained colors of the cells. 
Label any features that can be identified. 1

Laboratory Assessment

21

(sketches)
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Part B Assessments

Complete the following statements:

 1. Mature red blood cells are also called _______________________. 2

 2. The shape of a red blood cell can be described as a _______________________ disc. 2

 3. The functions of red blood cells are _________________________________________________________________. 2

 4. _______________________ is the oxygen-carrying substance in a red blood cell. 2

 5. A mature red blood cell cannot reproduce because it lacks the _______________________ that was extruded during late 
development. 2

 6. White blood cells are also called ___________________________________________________________________. 2

 7. White blood cells with granular cytoplasm are called _______________________. 2

 8. White blood cells lacking granular cytoplasm are called _______________________. 2

 9. Polymorphonuclear leukocyte is another name for a _______________________ with a segmented nucleus. 2

 10. Normally, the most numerous white blood cells are _______________________. 2

 11. White blood cells with coarse reddish cytoplasmic granules are called _______________________. 2

 12. _______________________ are normally the least abundant of the white blood cells. 2

 13. _______________________ are the largest of the white blood cells. 2

 14. ____________________ are small agranulocytes that have relatively large, round nuclei with thin rims of cytoplasm. 2

 15. Small cell fragments that function to prevent blood loss from an injury site are called _______________________. 2

erythrocytes

biconcave

transporting and exchanging O2 and CO2

Hemoglobin

nucleus

leukocytes

granulocytes

agranulocytes

neutrophil

neutrophils

eosinophils

Basophils

Monocytes

Lymphocytes

platelets
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Part C Assessments

 1. Differential White Blood Cell Count Data Table. As you identify white blood cells, record them on the table by using a 
tally system, such as |||| ||. Place tally marks in the “Number Observed” column and total each of the five WBCs when the 
differential count is completed. Obtain a total of all five WBCs counted to determine the percent of each WBC type. 3

Type of WBC Number Observed Total Percent

Neutrophil

Lymphocyte

Monocyte

Eosinophil

Basophil

Total of column

 2. How do the results of your differential white blood cell count compare with the normal values listed in table 21.2? 3

   ________________________________________________________________________________________________

   ________________________________________________________________________________________________

   ________________________________________________________________________________________________

   ________________________________________________________________________________________________

   ________________________________________________________________________________________________

Critical Thinking Assessment

What is the difference between a differential white blood cell count and a total white blood cell count?

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

Wh i h

(experimental results)

Answers will vary.

A total white blood cell count provides the number of white blood cells in a given volume of blood; a 

differential white blood cell count gives the relative percentages of types of white blood cells in a blood

sample.
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 3. Identify the blood cells indicated in figure 21.5.

FIGURE 21.5 Label the specific blood cells on this micrograph of a stained blood smear (400×). 1

1

2

3

4

5

Lymphocyte

Platelets

Monocyte

Red blood cells

Neutrophil


