 

 

 

 

 

 

 


volgograd STATE medical universIty


Department of normal physiology























MANUAL


IN PHYSIOLOGY








System OF BLOOD








Practical class 1. Functions and composition of blood. Red blood cells.





Practical class 2. Corpuscular elements of blood.





Practical class 3. Hemostasis. Blood types.








(for second year students of general medicine department of higher educational establishments in the English-speaking medium)





























Volgograd, 2006


�
УДК 612.8 (075)


28.073&28.91я7

















System of BLOOD











Practical course supplemented. Volgograd: VolSMU, 2006. – 16p.











Compiled by: Klauchek S.V., Joura V.V.
































This manual summarizes the practical tasks of human physiology. It caters for teachers and students in the English-speaking medium of higher medical educational institutions.








Approved by the Central Methodology Board of the Volgograd State Medical University.











Volgograd STATE medical university, 2006.


�
Physiology of blood





Practical class 1. Functions and composition of blood. Red blood cells


The questions for self-study


Functions of blood.


Composition of blood. Quantity of in human organism, its relative constancy. Viscosity of blood. Osmotic pressure.


Plasma, its quantity, composition.


Plasma proteins, its physiological role.


Origin plasma proteins.


Hypoproteinemia.


Red blood cells.


Morphology.


Composition.


Function.


Erythropoiesis. Stages of development. Importance of erythropoiesis. Applied physiology.


Red cells fragility. Hemolysis. Types of hemolysis.


Erythrocyty sedimentation rate (ESR).


Hemoglobin.


Functions, concentrations. Chemical structure of Hb.


Hemoglobin chemistry and synthesis. Catabolism of Hb.


Factors required for synthesis of Hb.


Reaction of Hb.


Hemoglobin in the fetus.


Abnormalities of Hb production.





To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 499-500, p. 515-519.





Practical work № 1





Determination of erythrocytes’ osmotic stability (resistance)





The aim of work: to determine concentration of NaCl solution, causing the beginning of erythrocytes hemolysis.


Technique: Take 8 test-tubes, number them, in each test-tube pour 5 ml of NaCl solution of decreasing concentration (0,9 % in first test-tube, 0,8 % – in second etc. Up to 0,2 %)


In each test-tube with the help of pipette add 3 drops of blood without fibrinogen or citrate blood; mix and shake all test-tubes and place in a support according to numbers. In an hour carefully, not taking out test-tubes from a support, examine their contents in light. In those test-tubes, where hemolysis has not taken place, contents are divided into two layers: from above transparent colorless solution and below layer of erythrocytes. In those test-tubes, where has taken place partial hemolysis, the solution above erythrocytes sediment is painted in red color. In those test-tubes, where has taken place complete hemolysis, the division of contents into two layers has not taken place, the erythrocytes are not present, transparent “laked” (“varnished”) blood.


Results of the realized experiment arrange in to the following table:


Concentration


of NaCl solution, in %�
Coloring of the received solution�
Erythro-cytes sediment�
Conclusion�
Borders of


stability�
�
0,9�
�
�
�
�
�
0,8�
�
�
�
�
�
0,7�
�
�
�
�
�
0,6�
�
�
�
�
�
0,5�
�
�
�
�
�
0,4�
�
�
�
�
�
0,3�
�
�
�
�
�
0,2�
�
�
�
�
�
In the column “conclusion” you need to note, whether has taken place hemolysis in given test-tube and what is its character – complete or partial. In the column “borders of stability” note, which concentration of NaCl solution corresponds to minimal erythrocytes osmotic stability and which – maximal.


�
Practical work № 2





Hemolysis





The aim of work: To get acquainted with various kinds of hemolysis.


Technique:


1.	Osmotic hemolysis.


Take two test-tubes, in one of them pour 5 ml of physiological solution, and in another the same quantity of aqua distillate. In each test-tube add 2-3 drops of blood without fibrinogen and mix and shake them. Both test-tubes put before a window or artificial light source (for example before electric lamp). Contents of the first test-tube appear opaque, and in the second one, on the contrary, transparent “varnish” (“laked”) blood.


2.	Chemical hemolysis.


Take test-tubes and number them. In each test-tube pour 5 ml of physiological solution, then in first – 1 % solution of an acetic acid, in second – 4-5 ml of ammonia solution. Then in each test-tube add 4-5 drops of blood and mix well. In 30 minutes note, in which test-tubes has taken place complete or partial hemolysis.


3.	Thermal hemolysis.


Pour in clean test-tube 10 ml of physiological solution and 1 ml of blood without fibrinogen. Warm in hot-water heating at 600 C until hemolysis takes place. The heating to higher temperature can cause coagulation.





Practical work № 3





Determination of erythrocytes sedimentation rate (ESR)





The aim of work: Acquaintance with a technique of definition of erythrocytes sedimentation rate.


Technique: a capillary of the Panchenkov’s device wash out by 5 % sodium citrate solution. Then collect citrate up to the mark P (50) and blow down it on a watch crystal. Make an injection of a finger and in the same capillary twice collect blood up to mark K (0). Both portions of blood let out on the watch crystal mix with presented there sodium citrate. The received by this way mixture of blood with citrate in the 4/1 ratio collect in capillary up to the mark 0 and put in a support. In an hour note, what is the height of formed top column of plasma in the capillary.


The ESR of a healthy man is 1-10 mm/h and the value for women is 2-15 mm/h. More rapid ESR is a sign of a morbid condition.





Practical work № 4





Determination of coagulation time by Sucharev’s method





The aim of work: To get acquainted with one of techniques coagulation time definition.


Technique: Blood for research is taken from a finger after removal of the first drop. In a dry capillary for ESR collect column of blood of height 25-30 mm. Blood by an inclination a capillary move in its middle (at once switch on stop-watch). Holding a capillary by two fingers shake it at a corner of 35-40 degrees in both sides. The free displacement of blood specifies, that the coagulation has not started yet. The beginning of coagulation is characterized by delay of movement of blood at an inclination of a capillary. In internal walls of a capillary there are small clots. The complete coagulation of blood corresponds to the moment of a complete stop of movement of blood.


In normal condition the beginning of coagulation is from 30 seconds up 2 minutes.


In normal condition the end of coagulation is from 3 minutes up 5 minutes.


�
Practical class 2. Corpuscular elements of blood





The questions for self-study


White blood cells (the leukocytes).


Total count and classification.


Morphology of the WBCs.


Neutrophils.


Eosinophils.


Basophils.


Monocytes.


Lymphocytes. Classification of lymphocytes.


Functions of the WBCs.


Normal values for the cellular elements in human body.


2.	Platelets (Throbocytes).


2.1.	Count and morphology.


2.2.	Function of platelets.





To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 500-504; p. 514-515.





Practical work № 1





Determination of erythrocytes’ number in the human blood





The aim of work: Acquaintance with a technique of calculation of erythrocytes’ number.


Technique: The dilute liquid for erythrocytes is 0,85-1 % solution NaCl (physiological solution). In test-tube pour 4 ml of a dilute solution. Type by the pipette from the hemometer of Sali the prepared blood up to the mark, that corresponds 0,02 ml. Column of blood should be integral and not contain vesicles of air. Having wiped off end of a capillary by sponge (cotton wool) move the collected blood in the test-tube with a dilute solution. Carefully mix. Dilution in the test-tube 1/200.


Easy movements of both hands thumbs grind in integumentary glass to the accounting chamber before appearance color newtonian rings. By a glass stick collect a drop of the diluted blood and place in the accounting chamber (on the end of a groove which is sideways from the central plate of the chamber). The liquid itself will fill in a chink by thickness of 0,1 mm between the central plate and integumentary glass. Put the chamber under the large increase of microscope and start calculation.


Count up number of erythrocytes A in the large squares located on a diagonal, that makes 80 small squares. During calculation it is necessary to be guided by the Egorov’s rule: «Concerning to given square those are counted erythrocytes, which lay as inside, as on the left and top border of square». Average quantity of erythrocytes in one small square A/80. Knowing, that volume of a part of the chamber above one small square is equal 1/4000 мм3, multiple the found number by 4000 and by 200, i.e. by dilution.


Х = (A х 4000 х 200) /80, where Х – number of erythrocytes in 1 мм3 of blood.


Make a conclusion.


Average number of erythrocytes in 1 L of blood in females (3,7-4,7) х 1012 /L; in males (4,0-5,0) х 1012 /L.





Practical work № 2





Determination of quantity of hemoglobin in the human blood





The aim of work: Acquaintance with a technique of calculation of hemoglobin quantity in human blood.


Technique: The determination of hemoglobin quantity is made by a calorimeterical method.


Hemometer of Sali has 3 test-tubes of an identical diameter, from which two extreme are soldered up and contain standard solutions of hematin chlorid, and a middle one – laboratory. In laboratory test-tube pour 0,1 % solution of a hydrochloric acid up to the first lower mark, then by pipette from hemometer of Sali collect 0,02 ml of the prepared blood and drop in same test-tube. Hemoglobin of blood under action of 0,1 % solution of a hydrochloric acid transforms to the brown colored hematin chlorid. On the expiry of 5-6 minutes add to the received solution by drops aqua distillate so long as color of a researched solution equalizes with color of the standards. Each time after addition of water mix contents of the test-tube by the glass stick. Color of a liquid of the standards compare at daylight in passed rays, holding in the extended hand at the level of eyes.


Determine, to what division of a scale corresponds lower meniscus of a liquid (the value of division of a scale is equal 0,2 g%). Quantity of hemoglobin at registration in the form of the analysis write down in grams per 1 L, for that the received data multiply by 10.


Make a conclusion. Normal concentrations of hemoglobin: in females 115-145 g/L; in males – 132-164 g/L.





Practical work № 3





Calculation of a color index and hemoglobin contents in one erythrocyte (HCE)





The aim of work: Acquaintance with a method of calculation of the color index and HCE.


Technique:


1.	The color index expresses the average hemoglobin contents in one erythrocyte.


Normal value of the color index (CI) equals 0,85-1,05. It can be calculated using the following formula:





[(found quantity of Hb) / (normal quantity of Hb)]


Color index=								


[(found number of Er) / (normal number of Er)]





Having determined in patient’s blood hemoglobin quantity and number of erythrocytes calculate using the mentioned above formula the color index. Make a conclusion.





2.	Recently along with the color index calculate more reliable value – hemoglobin contents in one erythrocyte.





Hb in g/L





CHE =						= pg


the quantity of erythrocytes 1012





(1 pg = 1-12 g)





3.	Determination the color index and HCE without calculation is possible with the help of nomogram. For it is enough to connect by a ruler the value of the found quantity of hemoglobin and counted up erythrocytes.








Practical class 3. Hemostasis. Blood types





The questions for self-study


The clotting mechanism. Factors which accelerate clotting.


Anticlotting mechanism.


Anticoagulants.


Abnormalities of hemostasis.


Blood types.


The ABO system.


Transfusion reactions.


Inheritance of A- and B-antigens.


Other agglutinogens.


The Rh Group.


Compatibility of blood types, basic rule of blood type compatibility determination.


Hemolytic disease of the newborn.





To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 519-522; p. 524-527.





Practical work № 1





Determination of leukocytes’ quantity in human blood





The aim of work: Acquaintance with a technique of calculation of leukocytes’s quantity.


Technique: The diluting liquid for leukocytes is 3 % solution of the acetic acid. In a test-tube pour 0,4 ml of the diluting solution. Collect by a pipette from hemometer of Sali the prepared blood up to a mark, that corresponds 0,02 ml. Column of blood should be integral and not contain vesicles of air. Having wiped off the end of a capillary by a sponge (cotton wool) move the collected blood in the test-tube with the diluting solution. Carefully mix. The dilution in the test-tube is 1/20.


By easy movements of the thumbs of both hands grind in integumentary glass to the accounting chamber before appearance of color newtonian rings. By a glass stick collect a drop of the diluted blood and place in the accounting chamber (on the end of a groove which is situated sideways from the central plate of the chamber). The liquid itself will fill in a cleft by thickness 0,1 mm between the central plate and integumentary glass. Put the chamber under small magnification of microscope and start the calculation.


Count up number of leukocytes B in 25 large squares, that makes 400 small.


Average quantity of leukocytes in one small square B/400. Knowing, that volume of a part of the chamber above one small square equals 1/4000 мм3 multiple the found number by 4000 and by 20, i.e. by dilution.


Make a conclusion.


Normal value of leukocytes in 1 L of blood in man (4,0-9,0) х 109/L.





Practical work № 2





Differential Leukocyte Count (leukogram)





The aim of work: Acquaintance with a technique of differential leukocyte count.


Technique: The smear of blood that was prepared beforehand, colored by the method of Romanovsky-Gimsa place on a little microscopic table, having put on it previously a drop of immersion oil. Immersion object (90) dip into the drop of oil. Granulocytes settle down on edges of smear, lymphocytes – a little bit farther from edges. Therefore calculation of leukocytes makes on edges of smear, along long edges of a preparation, in an initial part of smear closer to the end. Determine the kind of each leukocyte and write down in the beforehand prepared hemogram table (or press a key of the calculating machine with the corresponding name of a leukocyte’s kind). Count exactly 100 squares from general number of leukocytes, then the found quantity of leukocytes of each kind will correspond to their percentage in blood.




















Differential Leukocyte Count (leukogram)





The number of leukocytes per μl


% Ratio�
Granulocytes�
Agranulocytes�
�
�
Neutrophils�
Eosinophils�
Basophils�
�
�
�
Myelocytes�
metamyelocytes�
stab�
segmented�
�
�
Lymphocytes�
Monocytes�
�
4000-9000�
0�
0-1�
1-5�
45-70�
1-5�
0-1�
20-40�
0-10�
�



Practical work № 3





Determination of blood type in human





The aim of work: To get acquainted with a technique of determination of blood type.


Technique: On a white plate place on a drop of standard serum of first, second and third types. Then transfer by clean corner of an object-plate prepared blood alternately to all drops of serum. The drop of serum should be more drop of blood. The reaction of agglutination comes in 1-5 minutes, and at presence of agglutination the drop becomes transparent, and erythrocytes stick together as nubbins.


The absence of agglutination in all drops of serum means that there is absence agglutinogens in researched erythrocytes, that is the property of 1-st type erythrocytes.


If has taken place agglutination with serum of 1st and 3rd types containing accordingly α-β- and α-agglutinins, erythrocytes of researched blood contain A-agglutinogen, i.e. belong to the second type.


If agglutination has taken place with serum 1st and 2nd types containing α-β- and β-agglutinins, researched blood belongs to third type, i.e. erythrocytes contain B-agglutinogen.


If agglutination has taken place in all three drops of serum, researched blood belongs to 4th type, i.e. erythrocytes contain A- and B-agglutinogens.





Practical work № 4





Determination of blood Rhesus factor





The aim of work: Acquaintance with a technique of determination of blood Rhesus factor.


Technique: On a white plate place on a drop of special standard serum and researched blood. In 5 minutes determine presence or absence of agglutination. In case of positive reaction in a solution occur fine flakes, and at negative contents is homogeneous.


Make a conclusion.


�
Questions for self-training





Functions of blood. Blood composition.


Quantity of blood in human organism, its relative constancy.


Viscosity of blood, methods of its determination. Specific gravity of blood.


Osmotic pressure of blood, methods of its determination, regulation of its constancy.


Blood plasma, its quantity, composition.


Physiological blood-replaceable solutions.


Plasma proteins, its physiological role.


Blood clotting. Factors which accelerate clotting. Anticoagulants. Anticoagulation system. Regulation of blood clotting. Determination of coagulation time.


Erythrocytes, their structure, features of chemical composition, functions. Determination of erythrocytes quantity.


Hemoglobin. Chemical structure, hemoglobin compounds, their spectral analysis. Methods of hemoglobin quantity determination.


Types of hemolysis. Osmotic resistance of erythrocytes, its determination.


Erythrocyte sedimentation rate.


Leukocytes, their types functions.


Determination of leukocytes quantity. Differential leukocyte count.


Platelets, their structure, functions, quantity.


Blood types. The most important agglutinogens and agglutinins in human blood. Compatibility of blood types, basic rule of blood type compatibility determination. Method of blood type determination. Rhesus factor.
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