
HEMATOLOGY

(Martini p. 652-664, 666-672)
Work in pairs

Objectives:

· For each of the following blood tests, outline the procedure, state the normal values and the significance of deviations from normal:

· red cell count

· hemoglobin level (gm per 100 ml)

· packed cell volume (hematocrit)

· total white cell count

· white cell differential count

· Calculate the following red cell indices, and explain the significance of deviations from their normal values:

· MCV (mean cell volume)

· MCHC (mean cell hemoglobin concentration)

· MCH (mean cell hemoglobin)

· Describe the ABO and Rh blood group system

· Discuss the significance of blood groups in blood transfusion and pregnancy.

SAFETY PROCEDURES

· Handle blood and blood by-products with care because they can transmit infectious 

· diseases.

· All students must wear latex gloves.

· If you have any open cuts on your hands, do not handle blood.

· Never pipette blood or blood by-products by mouth.

· Work over your enamel tray to avoid spilling chemicals and blood on the bench.

If you spill blood on your tray or on the bench wipe it immediately with detergent and rinse with tap water.

At the end of the lab:

· Wipe your bench, your microscope and your tray to remove any blood stains

· Wash the glassware with detergent and rinse it thoroughly with tap water. Let it dry on paper

· towels on your tray on your bench. Make sure that you leave clean glassware for students in the next section;

· Remove your gloves and wash your hands.

Background

Erythrocytes (red blood cells or RBC) transport gases ‑ oxygen and carbon dioxide ‑ between the lungs and tissues.

Red blood cell production occurs in the bone marrow and is dependent on a number of factors including iron (a component of hemoglobin), vitamin B12 and folic acid (which are necessary for normal mitosis). Erythropoietin, a hormone produced by the kidney, regulates the rate of red cell production.  Its levels depend on oxygen levels in the blood supplying the kidney.  If oxygen levels fall below normal, more erythropoietin is released; this stimulates red cell production, thus increasing hemo​globin levels and the oxygen carrying capacity of the blood.  

Any reduction in the total amount of hemoglobin in the blood is known as anemia.  Polycythemia is an abnormally high level of red blood cells.  In some cases it occurs as a result of increased erythropoietin release stimulated by hypoxemia due to high altitude (where the oxygen content of the air is reduced), or by heart failure or pulmonary disease when oxygen delivery to the tissues is below normal. 

I. RED BLOOD CELL COUNT (RBC COUNT)

To conduct a red blood cell count, you will dilute a known volume of blood with a fluid that prevents coagulation and then place the mixture into a counting chamber of known volume: a hemocytometer. There are so many red blood cells in the blood that it would be impossible to count them in pure blood: dilutions have to be made to decrease their number. The cells are then counted by microscopic inspection, and corrections for dilution and volume are made to obtain the result in cells per cubic millimeter of blood.

The hemocytometer counting chamber is a special thick glass slide with a central platform, divided in two and surrounded by gutters.  The platform is exactly 0.l mm  below the surface of the slide.  When the special thick (and expensive!) cover slip is placed on the slide, a chamber 0.l mm deep is formed.  In the center of each half of the platform is an engraved area 3 mm x 3 mm (9 mm2) (Figure 2g).  It is divided into 9 equal areas, each l mm2.  The central area is further divided (by triple lines) into 25 equal squares; each of these is again divided into l6 very small squares, each with an area of 0.0025 mm2.

EXERCISE A

Equipment:

· ovine blood in Eppendorf tube

· red blood cells Unopette kit: reservoir and capillary pipette (Becton-Dickinson)

· hemocytometer and its cover

· box of Kimwipes

· microscope

· hand counter

· Figure of hemocytometer grid

1. Examine the Unopette Reservoir for red blood cell determinations and the capillary pipette assembly (Figure 1). Identify the reservoir chamber, diluent fluid, protective shield on the capillary pipette and the pipette itself. Note the color of the reservoir's bottom surface. It should be red.

2. Hold the reservoir on a flat surface in one hand, and hold the pipette assembly in the other hand. Push the tip of the pipette shield firmly through the diaphragm in the reservoir neck (figure 2a). Pull out the assembly unit from the reservoir and remove the protective shield from the pipette assembly with a twist.

3. Invert gently the Eppendorf tube containing the blood 2-3 times (to avoid blood cells settling at the bottom of the tube).

4. Open the Eppendorf tube containing ovine blood. Holding the pipette almost horizontally, touch the tip of it to the surface of the blood (Figure 2b; on this diagram, the blood is sampled from a finger. The procedure is the same when the blood is sampled from a tube). The pipette will fill by capillary action. When the blood reaches the end of the capillary bore in the neck of the pipette, the filling action will stop. Carefully wipe any excess blood from the pipette's surface with a Kimwipe.

5. Squeeze the reservoir slightly, to force out a small amount of air. While still maintaining pressure on the reservoir, cover the opening of the overflow chamber of the pipette with your index finger and push the pipette securely into the reservoir neck (Figure 2c).

6. Release the pressure on the reservoir, and remove your finger from the pipette opening. Negative pressure will draw the blood into the diluent fluids. 

7. Mix the contents of the reservoir chamber by squeezing the reservoir gently two or three times. Squeeze gently so that the diluent is not forced out of the chamber. Also invert the reservoir gently a few times (Figure 2d).

8. Remove the pipette from the chamber, reverse its position, and replace it on the reservoir (Figure 2e). This converts the system into a dropper assembly.

9. Squeeze a few drops out of the system into a container, or wipe with tissue to clean the capillary bore. Now you are ready to fill the blood counting chamber.

10. Wipe the cover of the hemocytometer and position it as shown in figure 2f.

11. Hold the end of the pipette and squeeze the sides of the reservoir so that you can deposit a small drop of the diluted specimen onto the polished surface of the counting chamber, next to the edge of the cover. Just fill the chamber; do not slop over into the gutter. Be careful not to allow the chamber to overfill. If the chamber overfills, fill the other side of the chamber. If you do not succeed (it is an art!), wash the hemocytometer and its cover with warm water and soap, rinse thoroughly, wipe it dry and try again.

12. Carefully, place the charged hemocytometer on the microscope stage, and focus with the low-power objective to bring the small (R) grid areas into clear view (figure 2g). 

13. Then move the high-power objective (X10) into place, and count the number of cells in each of the five specified areas marked R in figure 2g. On the edges of the squares, count only the cells that touch the lines on the left and top sides. Omit the cells touching the lines at the bottom and right side. It may be necessary to wait a few minutes before counting to permit the cells to settle.

14. Rinse the hemocytometer and wipe it dry.

Calculations:  Calculate the number of red blood cells per mm3 in sheep and human blood. 


Each tiny square has an area of 0.0025 sq. mm. and a depth of 0.l mm. 


The volume is therefore 0.00025 mm3.


80 (5 x 16) squares are counted, so the total volume is 80 x 0.00025 = 0.02 mm3.  


Thus the number of cells per mm3 in the diluted blood is:

N x (1/0.02) = N x 50


(N being the number of cells counted in the 5 RBC squares of the hemocytometer)


Since dilution in the Unopette reservoir was l:200, this factor is further multiplied by 200 

N x 50 x 200, or N x l0,000 = number of RBC per mm3 of whole blood.



Reminder: 1ul = 1 mm3

Write results of your calculations (to the nearest 0.1 million or 100,000) in Table 1.

Write your results in Table 1. Although we used ovine, not human, blood Table 1 also includes results obtained from human male and female subjects. Calculate the RBC counts for the sheep and the human male and female (see next page for instructions).

Table 1: RBC counts.

	BLOOD
	    SHEEP             
	HUMAN FEMALE
	HUMAN MALE

	RBC COUNTED IN THE 5 RBC SQUARES OF THE HEMOCYTOMETER
	
	460
	540

	RBC COUNT (# of RBC in 1 mm3 of blood)
	
	
	


Clean up

Wash the hemocytometer slide and cover slip with warm water and soap, rinse thoroughly, and dry before proceeding to the WBC count.

II. WHITE BLOOD CELL COUNT (WBC COUNT)

The method used is similar to that used for the red blood cell count. There are a few differences.

The white and red blood cell diluents differ. The white blood cell diluent hemolyses the red blood cells and thus they will not interfere with the white blood cell counting process.

The number of cells will be counted in each of the four specified areas of the             hemocytometer – 4 corners of hemacytometer grid marked as a ‘W’ in Figure 2g.

EXERCISE B

Equipment:

· ovine blood in Eppendorf tube

· white blood cells Unopette kit: reservoir and capillary pipette (Becton-Dickinson)

· hemocytometer and its cover

· box of Kimwipes

· microscope

· hand counter

· Figures of hemocytometer grid

1. Follow steps 1 to 11 of Exercise B., but use the Unopette reservoir for white blood cell determination. It should have a blue bottom surface. Do not forget to invert gently the Eppendorf tube containing the blood before pipetting it.

2. Place the hemocytometer on the microscope stage. With the low power objective, focus on the chamber area to bring the four large (w) corner regions into view (see figure 2g).

3. Determine the number of cells in each of the four specified areas. On the edges of the squares, count only the cells that touch the lines on the left and top sides.  Omit the cells touching the lines at the bottom and right side. It may be necessary to wait a few minutes before counting to permit the cells to settle.

4. Rinse the hemocytometer and wipe it dry.

5. Write your results in the table 2. You are practicing on ovine blood, not on human blood. In table 2 we added some results of our own obtained from human blood. Calculate the WBC counts for the sheep and the human male and female.

Calculations: Each of the 4 W squares has an area of 1mm2 and a depth of 0.1 mm.  


The total volume is therefore 4 x 1 x 0.1 = 0.4 mm3.  


The number of cells per mm3 in the diluted blood is:



N x (1 / 0.4) = N x 2.5  (N being the number of cells counted)

Dilution in the reservoir was l:20; therefore there are N x 2.5 x 20 = N x 50 WBC per mm3 of blood.


Write results of your calculations (to the nearest 100) in Table 2.

Table 2: WBC counts.

	BLOOD
	SHEEP 
	HUMAN FEMALE
	HUMAN MALE

	WBC COUNTED IN THE 4 WBC SQUARES OF THE HEMOCYTOMETER
	
	145
	140

	WBC COUNT (# of WBC in 1 mm3 of blood)
	
	
	


Clean up

DO NOT discard the cover slip. Wash the hemocytometer slide and cover slip with warm water and soap, rinse thoroughly and let it soak in a 10% bleach solution in the plastic container labeled "hemocytometer - cover - Sahli tube - glass rod".

III. HEMATOCRIT (PACKED CELL VOLUME)

The hematocrit (Hct) is the volume of packed red cells found in 100 ml of blood, recorded as percent. It is routinely determined in hospital. Centrifuging blood causes the formed elements to spin to the bottom of the tube, with plasma forming the top layer. Since the blood cell population is primarily red blood cells, the packed cell volume is generally considered equivalent to the red blood cell volume. 

Often a thin whitish layer can be seen between the clear plasma and red cell mass. This represents the leukocyte fraction and is called the buffy coat.

EXERCISE C

Equipment:

· ovine blood in Eppendorf tube

· box of Kimwipes

· heparinized capillary tube 

· plasticine in small plastic tray

· centrifuge with head for capillary tubes

· ruler

1. Gently invert the Eppendorf tube containing the blood 2-3 times (to avoid blood cells settling at the bottom of the tube).

2. Hold the red-line-marked end of the capillary tube slightly below the surface of the blood and allow the tube to fill at least three-fourths full by capillary action.

3. Plug the blood-containing end by pressing it into the plasticine.

4. Tubes from several groups will be centrifuged simultaneously. Place the tube in the centrifuge with the plugged end pointing OUT. (If the open end points out, the blood will spray everywhere by centrifugal force. You will not only lose your sample but also make a mess of the centrifuge!). Tubes have to be opposite to one another in the radial grooves of the centrifuge in order to balance the centrifuge. Make a note of the numbers of the grooves your tubes are in.   

5. When you are ready, CALL one of the TAs. They will make sure that the centrifuge is closed properly.

6. Centrifuge at 12,000 rpm for 4 minutes.

7. Remove and read the hematocrit (packed cell volume expressed as a percent of total blood volume). 

Calculation: Hematocrit is calculated by using the following formula:

 Height of column composed by the formed elements (mm) x 100
Height of the original column of whole blood (mm)


Write your results in Table 3.

Table 3: Hematocrit

	
	          SHEEP BLOOD

	HEMATOCRIT (%)
	


Examine the tube. Note the colour of the plasma. Locate the thin whitish layer that lies between plasma and red cells. This consists of platelets and white cells. 

On a separate page, sketch the tube, label the three layers: plasma, leukocyte fraction and red blood cell fraction and calculate what percentage of blood volume is occupied by these 3 components. Indicate these percentages on your sketch.

Throw the tubes into the glass-waste container.

IV. DETERMINATION OF HEMOGLOBIN CONCENTRATION 

Since hemoglobin is the RBC protein responsible for oxygen transport, the most accurate way of measuring the oxygen carrying capacity of the blood is to determine its hemoglobin content. 

EXERCISE D - THE TALLQUIST METHOD 

Equipment:

· ovine blood in Eppendorf tube

· box of Kimwipes

· 1 Pasteur pipette

· Tallquist test paper

· Tallquist reference scale

1. Remove a piece of test paper from a Tallquist booklet and place it on a flat surface before you.

2. Gently invert the Eppendorf tube containing the blood 2-3 times (to avoid cells settling at the bottom of the tube).

3. Spot a drop of blood on the Tallquist blotting paper.

4. As soonas the wet gloss disappears (approx. 15 seconds), compare the colour with the Tallquist colour reference standard and record the % hemoglobin. Accuracy is improved by making the comparison in natural daylight.

Note: the Tallquist standard for 100% hemoglobin corresponds to 15.6 g Hb / 100 ml blood. Convert the % values to g Hb / 100 ml.
5. Record your results in Table 4.

Table 4: Hemoglobin concentration using the Tallquist method.

	
	            BLOOD

	[Hb] in %(100% =                  g Hb/100 ml  of blood) 
	

	[Hb] in g/100 ml of blood 
	


EXERCISE E- THE SPECTROPHOTOMETRY METHOD

Equipment:

· ovine blood in Eppendorf tube

· standard solutions of hemoglobin

· 1 20 μl pipette

· Spectronic 20® colorimeter

· Colorimeter tubes (or cuvets)

· Drabkin’s solution

· 1 Pasteur pipette

· 1 box Kimwipes®
1. CALIBRATION CURVE:

Recording the absorbance of different KNOWN concentrations of hemoglobin will yield a calibration curve that will allow you to convert absorbance values of unknown samples into their proper concentration of hemoglobin.


· Find five cuvets that have the same optical density (absorbance). If you are unable to find five matching cuvets, you can use two, one tube for the blank and the other tube for the test solutions.

· Add 5 ml of Drabkin’s solution to a colorimeter tube (cuvet).

· Add 20 μl of a different standard solution of hemoglobin to each tube.

· Mix the tube by inverting gently (be careful not to introduce bubbles).

· Wait 15 minutes.

· Set Spectronic 20® at 540 mu.

· Add 5 ml of Drabkin’s solution  to a selected tube for the blank. 

· Place the blank into the sample holder and set the photometer to 0 absorbance (or 100% transmittance).  This corrects for the optical absorbance of the solutions alone.
· Read both the absorbance and % transmittance of your 4 standard solutions. In between each, check the absorbance with the blank.

· Plot the optical density vs. hemoglobin concentration (in g/100 ml) on graph paper. Calculate the slope of the standard curve (a), as well as the inverse of the slope (1/a) and check with the instructor before proceeding to the unknown samples.

2. MEASUREMENT OF HEMOGLOBIN SAMPLES:

· Add 5 ml of Drabkin’s solution to a colorimeter tube (cuvet).

· Add 20 μl of a different standard solution of hemoglobin to each tube.

· Mix the tube by inverting gently (be careful not to introduce bubbles).

· Wait 15 minutes.

· Check the absorbance of the blank.

· Read the % transmittance and absorbance of each sample.
· Convert the absorbance of your sample to its hemoglobin concentration using the standard curve you plotted earlier and record your results in Table 5.

Table 5: Hemoglobin concentration using spectrophotometry
	SAMPLE  #
	
	
	
	

	STUDENT’S NAME
	
	
	
	

	[Hb] in g /100 ml
	
	
	
	


V. RED CELL INDICES

Using the values obtained for Hemoglobin, Hematocrit and the Red Cell Count, several indices can be derived which are useful in differentiating between different kinds of anemia. Calculate each of the following indices for sheep blood and human blood. 

- Write the results of your calculations in Table 6.  

- Write results for the sheep blood on the blackboard.

1. MEAN CELL VOLUME (MCV)

This is the average size of red blood cells expressed in femtoliters (1 femtoliter = 10‑15 liter. It is calculated by dividing the packed cell volume (hematocrit) by the number of red blood cells:  



MCV =     hematocrit       




       # RBC 

NOTE: If the hematocrit = 40%, then write 0.4 in the equation, not 40.

2. MEAN CELL HEMOGLOBIN CONCENTRATION (MCHC)

This is the number of grams of hemoglobin in 100 ml of packed red blood cells, expressed as a percentage. It is calculated by dividing the hemoglobin (in grams per 100 ml) by the hematocrit: 



MCHC =         Hb          



         hematocrit

3. MEAN CELL HEMOGLOBIN (MCH)

This is the average hemoglobin content of each individual red cell expressed in picograms (pg) (1 picogram = 1 x 10‑12 gram).  It is calculated by dividing the hemo​globin (in grams per 100 ml) by the red blood cell count (in # of cells per mm3). 

NOTE: these two quantities are expressed per different volumes. Hemoglobin concentration is expressed per 100 ml of blood and RBC count is expressed per mm3 of blood. You have to take this into account in your calculation. Remember: 1mm3 = 1ul and 1cm3=1ml

Table 6: Characteristics of human and ovine red blood cells.

	
	HUMAN MALE
	HUMAN FEMALE
	SHEEP

	RBC COUNT

(# of cells/mm3 of blood)
	
	
	

	HEMATOCRIT(%)
	47
	42
	

	[Hb] (g/100 ml of blood)
	16
	14
	

	MCV (femtoliters)
	
	
	

	MCHC (%)
	
	
	

	MCH (picograms)
	
	
	


VIII. BLOOD GROUPS

(Martini p. 662-666)

Red blood cells have characteristic molecules (glycolipids) on the surface of their membranes that can be different in different people. These molecules can function as antigens, and these blood group antigens can bond to specific antibodies present in the plasma of a person with a different blood type. 

The major blood group antigens are the Rh antigen and the antigens of the ABO system. Tables 7 and 8 summarize (in simplified form) the antigens (=agglutinogen) and antibod​ies (=agglutinin) present in different blood groups, and the transfusion patterns that are possible in an emergency.

Table 7: Antigens and Antibodies in Blood, ABO and Rh Blood Groups

	Blood group
	Cellular Antigens

	Plasma antibodies

	0

	None

	anti‑A and anti‑B

	A
	A

	anti‑B

	B
	B

	anti‑A

	AB

	A and B

	none

	Rh+

	Rh+

	none

	Rh‑

	None

	Develop on exposure to Rh+ erythrocytes


Table 8: Transfusion Relationships, ABO and Rh Blood Groups

	Blood group
	Can act as donor to
	Can be recipient from

	0

	0, A, B, AB
	0

	A

	A, AB

	0, B

	B

	B, AB

	0, B

	AB
	AB
	0, A, B, AB

	Rh+

	Rh+

	Rh+, Rh‑

	Rh‑

	Rh+, Rh‑

	Rh‑


Note: In a Rh‑ individual, the first Rh+ transfusion (or Rh+ baby) rarely causes trouble, however, it induces antibody formation.  Subsequent Rh+ transfusions (or Rh+ babies) may result in a transfu​sion reaction or erythroblastosis fetalis.

CLEAN UP:

See SAFETY at the beginning of the lab.

Leave your space clean and tidy.
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Figure 1: Components of a Unopette Reservoir System.
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Figure 2: Use of the Unopette Reservoir System and Hemocytometer. 

NAME & section #:
Biology 153 LAB REPORT

HEMATOLOGY

Do not copy word-for-word from text.

INTRODUCTION

State the purpose of this exercise

MATERIALS AND METHODS

See the lab manual. 

RESULTS

Use separate pages.

RED AND WHITE BLOOD CELL COUNTS, HEMATOCRIT, HEMOGLOBIN AND RED BLOOD CELL INDICES.

On a separate page, make and fill the following table, which will summarize the results obtained in human male and female bloods and in sheep blood.

Draw three columns: 



1 - human female blood (data in lab manual)



2 - human male blood (data in lab manual)



3 - sheep blood (your own data)

Draw  7 rows:



1 ‑ the red cell count (per mm3); (see exercise A)

2 ‑ total white cell count (WBC/mm3); (see exercise B)



3 ‑ hematocrit (in %); (see exercise C)

4 ‑ hemoglobin estimation (in g per 100 ml of blood) by the Sahli Method; (see 

     Exercise D)



5 ‑ mean cell volume (MCV in femtoliter); (see V)



6 ‑ mean cell hemoglobin concentration (MCHC in % of pure RBC); (see V)



7 ‑ mean cell hemoglobin (MCH in pg); (see V)

BLOOD TYPES

On millimeter graph paper or using a computer, draw bar graphs to show the incidence (as percent) of each ABO group and each Rh group in North America (see table below).  Describe these results in no more than five lines.

Incidence of human blood groups in North America.

	BLOOD GROUP (%)
	O
	A
	B
	AB
	Rh+
	Rh-

	Hawaiians
	37
	61
	1.5
	0.5
	100
	0

	American Indians
	23
	76
	0
	1
	100
	0

	Chinese
	36
	28
	23
	13
	100
	0

	Japanese
	31
	38
	22
	9
	100
	0

	Blacks
	48
	27
	21
	4
	88
	12

	Whites
	45
	41
	10
	4
	85
	15


DISCUSSION

Use spaces provided below. Do not use extra pages.

1. RBC count, hematocrit and hemoglobin concentration are significantly different in males and females. Explain why.

2. Endurance athletes (ex. marathoners) sometimes train at high altitudes prior to an event.     After such training, their RBC count, hematocrit and hemoglobin concentration increase. Why? What are the advantages of such changes?

3. Define the following conditions and explain what physiological disadvantages would occur in affected patients. Discuss the how these conditions affect the oxygen carrying capacity of blood.

Infectious mononucleosis: 

Sickle-cell anemia:

4. Explain why a person of blood group O can donate blood to a person of blood group AB. 

5. Explain why the plasma antibodies (or agglutinins) of the donor do not cause a fatal agglutination of the RBC of the recipient?

6. Why can a person with AB blood not donate to one with type O blood?

The End










