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1. BLOOD SYSTEM

1.1. The red blood cell (RBC) count

Background. Erythrocytes, or red blood cells (RBC) are nucleus-free biconcave cells with 7-8 mkm in diameter. Normal amount of RBC in blood is 3.9-4.5×1012/l for females and 4.5-5.2×1012/l for males. Higher content of RBC in males is caused by stimulating action of androgens. The most of RBC volume is occupied by hemoglobin, which provides the main function of RBC – to transport oxygen and carbon dioxide. 

Modern electronic devices for enumeration of blood cells allow to automotize this procedure. In absence of this equipment the Goryaeff counting chamber is used. The number of RB is very high. The blood is, therefore, diluted 200 times with appropriate diluting fluid before the cells are counted. Their number in undiluted blood then can be calculated. 

Requirements. Counting chamber of Goryaeff, coverslip, glass test-tube, 0,02 ml pipette for collection of blood samples, alcohol, ether, cotton, 0,9% NaCl  (physiological solution)  or 3% NaCl, microscope with x15 eyepiece. 
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Fig.1. Pipette for collection and mix of blood samples:
a- for counting of erythrocytes, б- for counting  of leucocytes.
Procedure: Warning: the volunteer’s and patient’s blood must be regarded as a potential source of infection and should not be touched!
1. Add the 4 ml 3% solution of NaCl into the glass test-tube. 

2. Use the rubber glove to collection of  the blood samples. 

3. Clean the ball of the 4th finger of the left arm with cotton swab dipped in alcohol and allow the skin to dry completely. Apply a gentle pressure on the sides of the ball of the finger and prick the skin sharply. 

4. Get a finger puncture under aseptic conditions for obtaining capillary blood. Wipe away the first 2 or 3 drops of blood from the skin puncture with dry cotton swab and allow a good-sized drop to form. 

5. Draw gently blood into the pipette to the mark 0.02 ml and blow out the blood to the test-tube with 3% NaCl solution, mix the content. 

6. Charge the chamber with the diluted blood by use of glass stick. Check that coverslip has not been lifted up by the introduced fluid. 

7. Place the counting chamber on the stage of the microscope under the low power objective. Allow the cells to settle for one minute before starting the cell count. 

8. Focus the lines of the chamber and RBC under the low power to get a general impression of the distribution of the RBC. 

9. The cells are to be counted in the five large squares, which are located 







A


               B
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Fig. 2. Goryaeff chamber: A - The structure of Goryaeff counting chamber. B – Goryaeff net. 1 – Goryaeff net, 2- coverslip, 3 – small square, 4 – large square.

diagonally, each with 16 smallest squares, i.e. in 80 squares. Count the RBC in each small square and those, lying on its left and lower lines; ignore those on its right and upper lines. 

10. Calculation. The area of the smallest square is 1/400 mm2 and volume – 1/4000 mm3 (side = 1/20 mm, depth = 1/10 mm, volume = 1/20 x 1/20 x 1/10 = 1/4000 mm3). Make a proportion: 

X =A x 4000 x 200/ 80
Where:          X - the number of RBC in 1 mm3 of diluted blood,

                      A - is the number of RBC in the 80 smallest squares,



A/80 - the number of RBC in 1/4000 mm3 of diluted blood, 

                               (the number of RBC in one smallest square)



200 – is the dilution coefficient of blood with 3% NaCl

Note.   Multiplying the number of cells in 80 squares (A) by 10.000 will give the RBC count in millions per mm3, i.e. by putting four zeroes after of A. 


Express your results as –  4,8 x 106/ mm3 and 






     4,8 x 1012/ liter

Observations, Figures and Conclusion

1.2. White blood cell (WBC) count

Background. The white blood cells are involve in defense reaction of organism destroying microorganisms, capturing foreign particles, realizing cellular and humoral immunity. The normal amount of WBC is ranging from 3.8 to 9.8×109/l. 

The condition when amount of WBC is higher than 9.8×109/l is called leucocytosis. 

Physiological leucocytosis is seen in:

1. New born infants (15000-20000 per mm3) and up to the age of one year. 

2. Conditions, associated with mental stress and pain.

3. Food intake and digestion (digestion leucocytosis). 

4. Strain physical exercise, exposure to sun and very low temperature. 

5. Pregnancy. 

Pathological leucocytosis is seen in:

1. Infections – abscess, appendicitis, pneumonia, sepsis. 

2. Haemorrhage.

3. Burns – maximum response occurs in 5-15 hours.

4. Malignant diseases – increased counts are seen in about half the patients. 

The condition when amount of WBC is lower than 3.8 ×109/l is called leucopenia. 

Physiological leucopenia is unusual and rare – caused by exposure to cold, even under arctic conditions. 

Pathological is seen in:

1. Infections – typhoid fever. Less frequently in influenza, malaria.

2. Drugs – chloramphenicol, used in the treatment of typhoid, some drugs like the sulpha group, aspirin.

3. Repeated exposure to X-ray. 

To count WBC, the blood is diluted with a suitable diluting fluid which destroys the RBC and stains the nuclei of the WBC.  The WBC are then counted in chamber of Goryaeff and their number in undiluted blood calculated. Note: the WBC actually look not white but colorless. They are “white” in comparison to RBC which contain Hb. 

Requirements. Counting chamber of Goryaeff, coverslip, glass test-tube, 0.02 ml pipette for collection of blood samples, alcohol, ether, cotton, Turk’s fluid: glacial acetic acid with gentian violet, microscope with x15 eyepiece. 
Procedure: 
Note: the procedure of WBC count is the same as that for RBC. 

1. Add the 0, 4 ml Turk’s fluid  into the glass test-tube. 

2. Use the rubber glove to collection of  the blood samples. 

3. Clean the ball of the 4th finger of the left arm with cotton swab dipped in alcohol and allow the skin to dry completely. Apply a gentle pressure on the sides of the ball of the finger and prick the skin sharply. 

4. Get a finger puncture under aseptic conditions for obtaining capillary blood. Wipe away the first 2 or 3 drops of blood from the skin puncture with dry cotton swab and allow a good-sized drop to form. 

5. Draw gently blood into the pipette to the mark 0.02 ml and blow out the blood to the test-tube with Turk’s fluid, mix the content. 

6. Charge the chamber with the diluted blood by use of glass stick. Check that coverslip has not been lifted up by the introduced fluid. 

7. Place the counting chamber on the stage of the microscope under the low power objective. Allow the cells to settle for one minute before starting the cell count. 

8. Focus the lines of the chamber and leucocytes under the low power to get a general impression of the distribution of the leucocytes. 

9. The cells are to be counted in the 100 large squares without any lines, which are located all over the whole chamber. Count the WBC in each large square. 

Calculation. The area of the large square is 1/25 mm2 and volume – 1/250 mm3 (side = 1/5 mm, depth = 1/10 mm, volume = 1/5 x 1/5 x 1/10 = 1/250 mm3).

Make a proportion: 




the number of leucocytes in the 100 squares = B,




B/100  - 1/250 mm3



X         - 1 mm3 

Then x = (B x 250 x 20)/ 100, that is B x 50. 

The second variant of calculation.

The chamber consists of 225 large squares, 100 of them are divided into 1600 small squares.     
The side of the smallest square is known, it is = 1/20 mm. 

The area of the smallest square is 1/400 mm2 (1/20 x 1/20). 

The volume of the smallest square is 1/4000 mm3 (side = 1/20 mm, depth = 1/10 mm, volume = 1/20 x 1/20 x 1/10 = 1/4000 mm3). Make a formula: 

                                     X =  L x 4000 x 20  ,

                                                     1600

Where:              X - the number of WBC in 1 mm3 of diluted blood,

                    L - is the number of WBC in the 1600 smallest squares,



L/1600 - the number of WBC in 1/4000 mm3 of diluted blood, 

                                  (the number of WBC in one smallest square),



20 – is the dilution coefficient of blood with 5% acetic acid.

Note.  Multiplying the number of cells in 100 squares (B) by 50 will give the leucocytes count in millions per mm3
Express your results as –  9,6 x 103/ mm3 and   9,6 x 109/ liter

Observations, Figures and Conclusion

1.3. Estimation of hemoglobin (Hb) content

Background. The main function of Hb is a transport of oxygen from lungs to tissues. The normal level of Hb is 135 - 160 g/l for males and 125 – 140 g/l for females. The wide-spread method for estimation of Hb content is Hb-cyanide method. The amount of Hb is also can be measured by Sali method; however, this method has low accuracy, and can be used only in poor-equipped hospitals in absence of photoelectrocolorimetric or photoelectric Hb-meters, or in field conditions. Sali method is based on convertion of Hb by HCl to hematin chloride. The brown color so developed is matched against standart brown glass in the Sali hemometer by direct vision. 

Requirements. Hb-meter or Sali hemometer – a stand with brown-tinted glass tube for color matching, which are located on either side of the empty middle glass tube, Hb tube, graduated in gram per cent of Hb (2-24), Hb pipette for blood - it has only one mark – 0.02 ml, a thin glass rod for mix the blood and acid, 0.1 N HCl solution, distilled water, cotton swab, alcohol.
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Fig.3.  Haemometer Sahli and pipette for blood.
Procedure: 
1. Study the Hb tube and note the graduations. 

2. Fill a clean and dry tube with HCl solution up to the lower ring mark and put it aside. 

3. Get a finger puncture and draw blood to the 0.02 ml mark by use a rubber mouth-piece. 

4. Wipe the tip of the pipette with cotton so that no blood is left sticking to its outside. 

5. Expel the blood into the Sali tube, containing the 0,1 N HCl solution. Suck a small amount of acid into the pipette from the tube and expel it again into the tube. 

6. Mix the content quickly but gently by shaking the tube. Put the tube back in the stand and wait for at least 10 minutes. During this time all red cells rupture, liberating the Hb into the acid solution. The Hb converts into hematin, which is brown color. 

7. Take out the tube from the hemometer, add a few drops of distilled water and stir the content gently with glass rod. Continue to add water drop by drop till the color of the solution matches the standart.

8. Read the upper meniscus (colored solution)and note the reading. 

Registration of  results. 

Express your results as 

Hb concentration = …. g per 100 ml blood

multiplying the obtained reading by 10 to get Hb content per liter.. 

Table 1

Normal level of hemoglobin

	Sex
	Average
	Range

	Males
	140 g/l
	135 – 160 g/l

	Females
	130 g/l
	125 – 140g/l


Observations, Figures and Conclusion

1.4. Color index (C.I.)

Background. For an estimation of erythrocytes saturation a degree of hemoglobin color index (C.I.)  is defined. 
In an expert a color index calculate division of parameters of concentration of the hemoglobin expressed in g/l, into number of quantity of erythrocytes in 1 mm3 blood. 
Procedure:
1. Define quantity of erythrocytes in 1 mm3 blood

2. Define the maintenance of hemoglobin in g per 100 ml blood

3. Under the formula calculate a color index:

C.I. =  Hb x3 /erythrocetes (in1 mm3 blood, first three figures of a parameter)

The normal colour index is 1, but slightly lower index, i.e. 0,85, is more commonly found and is also not abnormal. Colour index indicates the proportion of hemoglobin present in each red cell relatively to normal.
In Hypochromic anaemia the index is low, in Hyperchromic or Macrocytic anaemia the index is above 1.

Observations, Figures and Conclusion

1.5. Erythrocyte sedimentation rate (ESR)

Background. ESR can be measured by desilting of stabilized blood in standart conditions. ESR is determined by chemical and physical properties of blood, and depends on RBC concentration, blood viscosity, ratio of different blood proteins fractions. Normal ESR values: males: 1 – 10 mm/h, females: 2-15 mm/h. 
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Fig. 4. Punchenkoff stand.

Procedure: 

1. Draw the sodium citrate solution into the special tube up to mark P and blow it at the  glass ware.

2. Suck  blood into the same tube up to mark K twice and also blow it at the  glass ware. Mix the content.

3. Fill the tube again with citrate blood and, keeping the finger over the upper open end, transfer the tube to the Westergren (Punchenkoff) stand. Place the lower end of the tube firmly over the rubber cork and fix its upper end in vertical position.

4. Allow the tube to remain in this position for one hour at the end of which take the reading in millimeters of the clear plasma column above red cells. 

Observations, Figures and Conclusion

1.6. ABO blood grouping (blood typing)

Background. The red cells contain different types of agglutinogens and plasma contains agglutinins.  In order to determine the blood group of a subject, the red cells are allowed to react with sera, containing known agglutinins. 
The main reason of agglutination is the meeting of the factors of the same name, for example, the agglutinogen A and agglutinin (, or agglutinogen B and agglutinin (. The agglutinogens are an antigens (passive factors), while the agglutinins are the antibodyes (active factors). 

If any agglutination has occurred, it is usually visible with the naked eye as dark reddish clumps of different sizes. If the number of red blood cells is very high, they may simple give an impression of agglutination, that is why microscopic confirmation is essential. The agglutinated red cells form clumps of different sizes and possess a dark reddish due to haemolysis of red cells. If there is no agglutination, the red cells appear grouped together in masses but without any clumping, agglutination or haemoglobin liberation.
Apparatus and reagents. 

1. Glass slides. Droppers, physiological solution. 

2. Standard serum of the I, II and III blood groups. 

3. Standard erythrocytes of the I, II and III blood groups. 

4. Anti-A serum (contains (- agglutinins, obtained from a subject with blood group B) and anti-B serum (contains (- agglutinins, obtained from subject with blood group A). These sera are available commercially. 

Procedure: 
1. Take a white palette which contains  upper and  lower rows with 3 hole.

2. Place subsequently a drops of serum of the I, II and III blood groups in the 3 hole of the upper line. 

3. Place the small drops of standard erythrocytes of the I, II and III blood groups in the 3 hole of the lower line. 

4. Add 1-2 drops of the blood to the each hole of the upper row and 1-2 drops of plasma of the same blood sample to the each hole of the lower row.

5. Mix the contents of all holes by use of the individual glass sticks.

6. Wait for 6-8 minutes and inspect the all hole with the naked eye to see whether any agglutination has taken place or not. 

The ABO blood grouping

Table 2.
Serum method

	Agglutinins

(antibodies) in plasma
	1st hole (RBC of I blood group)

0 agglutigens
	2nd hole (RBC of II blood group)

A agglutinogen
	3d hole (RBC of III blood group)

B agglutinogen

	I ((, ()
	(
	(
	(

	II (()
	(
	(
	(

	III (()
	(
	(
	(

	IV (0)
	(
	(
	(


Table 3.

Erythrocyte method
	Agglutinogens

(antigens) in RBC
	1st hole (serum of I blood group) 

(, ( agglutinins
	2nd hole (serum of II blood group)

( agglutinin
	3d hole (serum of III blood group)

( agglutinin

	I (O)
	(
	(
	(

	II (A)
	(
	(
	(

	III (B)
	(
	(
	(

	IV (AB)
	(
	(
	(


Symbols: ( denotes agglutination and ( denotes absence of agglutination

Observations, Figures and Conclusion

1.7. Rh factor
Background.  Another group of antigens found on the red blood cells of most people is the Rh factor. If membrane of erythrocytes consist antigen D- Rh factor is positive  (85% of people). If membrane of erythrocytes consist antigen d - Rh factor is negative (15% of people). In order to determine the Rh factor of a subject, the red cells are allowed to react with antirhesus sera. 

Apparatus and reagents. 

1. Glass slides. 

2. Droppers, physiological solution.

3. Standard antirhesus serum and control serum. 

Procedure:
1. Take a white palette.

2. Place subsequently drops of antirhesus serum and control serum. 

3. Add 1-2 drops of blood to the each hole.

4. Mix the contents of all holes by use of the individual glass sticks.

5. Wait for 5 minutes and inspect both holes with the naked eye to see whether any agglutination has taken place or not. 

Observations, Figures and Conclusion

1.8. Bleeding time
Background. If a prick is given in the skin with a needle, bleeding occurs and continues for some time then stops.  The time elapse between skin puncture and the arrest of bleeding is called bleeding time. Normal bleeding time = 2-4 minutes.

Procedure: 

1. Get a deep skin puncture on the tip of the finger under sterile conditions and note the time. 

2. Remove the drops of blood every 30 seconds by touching the skin gently with a filter paper, absorbing the drops of blood along its edge.

3. Note the time when there is no trace of blood on the filter paper, another words, when the bleeding has stopped. 

4. Count the spots of blood, divide this number by 2 and express the bleeding time in minutes. 

Observations, Figures and Conclusion

1.9. Coagulation time
Background. If the blood is removed from the body and keep in a glass capillary tube or a test tube, it coagulates, forming a jelly-like mass. Time elapse between the withdrawal of blood and clot formation is a coagulation time. Normal coagulation time is from 2 to 5 minutes.
Procedure: 

1. Get a deep skin puncture on the finger tip and discard the first 2-3 drops of blood. It is essential to prevent admixture of blood with tissue fluids. 

2. Fill a chemically clean and dry glass capillary tube by dipping one end in the drop of blood. (Blood will fill the tube by capillary action). Note the time. 

3.  Rock carefully the capillary tube from one end to another end note the time when the blood stops its movement inside of capillary tube. 

Observations, Figures and Conclusion

1.10. Hemolysis

Background. The membrane of RBC is very fragile. The suitable solution for RBC is a physiological solution or isotonic solution of NaCl (concentration 0,9 %). When RBC are placed in the hypotonic solution (for example 0.3 %), they gain water and may burst with releasing Hb into the saline. This process is called osmotic hemolysis. There are some another types of hemolysis – chemical, mechanical, thermal and biological. Hemolysis can also be a result of the action of certain drugs and infections. 

The presence of hemolysis is clearly visible. If there is no hemolysis, the RBCs will be found at the bottom of the tube. If some hemolysis has occurred, the investigated solution will be slightly colored with Hb in red. If haemolysis is complete, the solution will be uniformly colored and transparent (so-called “varnished” blood). 

Procedure:
1. Take 4 chemically clean and dry test tubes.

2. Add to the first tube the 1-2 ml physiological solution and 1-2 drops of blood.

3. Add to the second tube 1-2 ml distilled water and 1-2 drops of blood.

4. Add to the third tube 1-2 ml ammonia solution and 1-2 drops of blood.

5. Add to the fourth tube 1-2 ml plant poison saponin and 1-2 drops of blood. 

6. Note the presence or absence of hemolysis in each tube. 

Observations, Figures and Conclusion

The control questions on the blood physiology
1. Blood as an important part of organism. The role of blood system in homeostasis. The functions of blood. 

2. Composition of blood. Volume of blood. Hematocrit (packed cell volume). The physical-chemical characteristics of blood. Buffer system of blood. 

3. Composition of plasma. Electrolytes of plasma. Osmotic pressure. Isotonicity as one of the main conditions for maintenance of tissue’s vital functions. Isotonic, hypotonic, hypertonic solutions. Blood substitutes.

4. Plasma proteins. Main protein fractions and their functions. Oncotic pressure. 

5. Red blood cells (RBC). Their characteristics and functions. Quantity in blood. Erythrocytosis, erythropenia. Anemia. 

6. Osmotic resistance of RBC. The types of hemolysis. Erythrocyte sedimentation rate. 

7. Hemoglobin: structure, functions, types. Compounds of hemoglobin. Metabolism of hemoglobin.

8. White blood cells (WBC). Types of WBC, their functions. Leukogram. Leukocytosis, leukopenia. 

9. Protective function of blood. Immunity. Non-specific cellular and humoral immunity. Specific cellular and humoral immunity. 

10. Platelets. Their functions. Quantity. Platelet factors of hemostasis. Vasculo-thrombocytic (primary) hemostasis. Arrest of bleeding in small vessels.

11. Coagulation (secondary) hemostasis – blood clotting. Plasmic factors of hemostasis. Phases of blood clotting. External and internal paths of blood clotting. 

12. Fibrinolysis. Interrelation between coagulatory and anti-coagulatory system of blood. Anticoagulating agents. Regulation of blood clotting.

13. Blood grouping. ABO system. Agglutinogens and agglitinins of blood. Inheritance of blood groups. 

14. Rhesus-factor. Mechanisms of Rh-conflicts in blood transfusion and pregnancy, 

15. The rules of blood transfusion.

16. Production and dectruction of blood cells. Life span of blood cells. Erythropoiesis, leukopoiesis, thrombocytopoiesis. 

2. Excitable cells and Neuro-Muscular System
2.1. Dissection of frog neuromuscular preparation

Background. Much of the knowledge in the physiology of excitable cells has been derived from the experiments on the classic gastrocnemius sciatic nerve muscle preparation. The gastrocnemius muscle, large calf muscle of the frog, is easily prepared and has been extensively studied. It originates from the femur just above  and behind the knee joint and terminates in a long tendon – the tendon of Achilles.  
Objective. To dissect the frog sciatic nerve - gastrocnemius muscle preparation.
Requirements. Preparation set, Ringer solution.
Procedure: 

1. Stun, pith and fix the frog on the board.

2. Cut the spinal column in the middle of the body, and remove the upper body part.

3. Remove the viscera using the scissors and  forceps.

4. Take off the skin from the lower body part and hind legs.

5. Cut the urostyle, remove the muscles of back by blunt dissection and expose the sciatic nerve roots - you get the two hind limb preparation.

6. Gently slit the preparation at midline, and get the one hind limb preparation.

7. Isolate the vertebral segment above and below the origin of sciatic nerve roots.

8. Using a glass rod isolate the sciatic nerve in the thigh.

9. Cut away the thigh muscles leaving the nerve exposed.

10. Pass the thread around the Achilles tendon at the heel and tie it tightly around the tendon.

11. Sever the tendon below the tie and pull the muscle away from the leg.

12. Cut away the fibiotubula bone just below the knee.

Observations, Figures and Conclusion

[image: image36.png]


[image: image37.png]


[image: image38.png]



[image: image39.png]


[image: image40.png]//{ )
5



[image: image41.png]



[image: image42.png]



[image: image43.png].



[image: image44.png]— S5

, -

J



[image: image45.png]5 %




[image: image46.jpg]



[image: image47.png]






Fig. 5. The frog sciatic nerve - gastrocnemius muscle preparation: a-h – steps of dissection.

2.2. The First Galvani’s  experiment

Background. The experiment is named in honor of emeritus Italian physiologist Luidgi Galvani. Examining the existence of “animal electricity”, he determined that touch of neuromuscular preparation with bimetallic forceps cause muscle contraction. The voltage potential in this case appears between two different metals (iron and cooper) and the nerve acts as a conductor. 

Objective.  To observe the contraction of muscle in responce to contact with bimetallic forceps. 

Requirements. Preparation set, Ringer solution, bimetallic forceps (from iron and cooper branches). 
Procedure: 

1. Perform the frog sciatic nerve - gastrocnemius muscle preparation.

2. Touch the sciatic nerve with one branch of bimetallic forceps, observe no contraction.

3. Touch the sciatic nerve with two branches, observe the muscle contraction.

Fig. 6. Scheme of the First Galvani’s experiment.
Observations and Conclusions

2.3. The Second Galvani’s experiment

Background. To obtain the muscle contraction without the metal, Luidgi Galvani threw the motor nerve over the damaged and intact muscle regions simultaneously. The voltage difference between extra- and intracellular space cause the excitation of nerve and contraction of muscle. 
Objective. To observe the contraction of muscle in responce to contact of nerve with the damaged and intact regions of muscle.

Requirements. Preparation set, Ringer solution, glass rod

Procedure:
1. Perform the frog sciatic nerve - gastrocnemius muscle preparation

2. Damage the muscle (cut with scissors).

3. Using glass rod throw the nerve over the damaged and intact muscle regions simultaneously.

4. Remove the nerve from damaged region and observe the contraction.


1.

2.

3.

Fig. 7. Scheme of the Second Galvani’s  experiment.
Observations and Conclusion

2.4. Secondary tetanus (Matteuchi’s experiment)

Background. The muscle contraction can be evoked applying the motor nerve to the contracting muscle of another preparation. This is certify that electrical currents appear in contracting muscle.

Objective.  To observe the contraction of muscle in responce to contact of nerve with the contracting muscle.

Requirements. Preparation set, Ringer solution, electrical stimulator, electrodes for stimulation.

Procedure:
1. Perform two frog sciatic nerve - gastrocnemius muscle preparations.

2. Apply the sciatic nerve of one preparation on the stimulating electrodes.

3. Switch on stimulator, and obtain the tetanic contraction.

4. Place the sciatic nerve from another preparation on the contracting muscle.

5. Observe the contraction of both muscles.


Fig.8. Scheme of the Matteuchi’s experiment. Arrows indicate the place for application of stimulation electrodes.

Observations and Conclusion

2.5. The measurement of membrane potential in frog skeletal muscle

Background. The membrane of excitable cells is electrically charged – positively on the outside and negatively on the inside. This charge can be measured from the difference in potential between extra- and intracellular electrode. All cells have a resting membrane potential, but its magnitude can be different in different types of cells. Neurons maintain an average of resting membrane potential -  about 70 mV, for example, whereas heart muscle cells may have an average of resting membrane potential -  85-90 mV.

Objective. To measure the membrane potential in frog skeletal muscle with a help of extracellular electrodes.

Requirements. Preparation set, Ringer solution, registering electrodes, voltmeter.

Procedure: 

1. Perform the  frog gastrocnemius muscle preparation.

2. Cut the muscle.

3. Apply registering electrodes on the muscle – one to the intact surface, and another to damaged place.

4. Detect the potential meaning on voltmeter.


Fig. 9. The measurement of membrane potential in frog skeletal muscle.
Observations and Conclusion

2.6. Comparison of nerve and muscle excitability

Background. Muscle contraction in neuromuscular preparation can be evoked applying stimuli on muscle (direct stimulation) or nerve (indirect stimulation). The excitability of nerve and muscle cells is characterized by the threshold intensity of stimulation. It is possible to compare excitabilities in muscle and nerve measuring minimal stimulus intensity evoking muscle contraction.

Objective. To compare the excitability of nerves and muscles.

Requirements. Teaching mini-laboratory Powerlab, electrodes for direct and indirect stimulation, mechanoelectrical transducer, switch, support, preparation set, Ringer solution.
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Fig. 10. Scheme of connections between the necessary devices: 
1 – metal needles for direct (muscle) stimulation; 2- muscle; 3 – switch between direct and indirect stimulation devices; 4 – electrodes for indirect (nerve) stimulation

Procedure:
1. Prepare the nerve-muscle preparation and put it on the support. Put the nerve on the pair of wires (electrodes for indirect stimulation) and insert two metal needles into the muscle (direct stimulation).

2. Switch to the indirect stimulation, put the minimal intensity of stimulation.

3. Switch on the stimulator, determine the minimal strength of stimuli, which evoke the muscle contraction.

4. Switch to the indirect stimulation, and determine the minimal strength of stimuli evoking the muscle contraction in this case.
Table 4
	Type of a tissue
	Threshold of irritation (V)

	Nerve
	

	Muscle
	


Observations and Conclusion
2.7. Registration of single and tetanic muscle contractions

Background. A muscle when stimulated by an adequate stimulus gives a mechanical response-contraction. The response to single stimulus is called simple muscle twitch. Simple muscle twitch include three phases: latent period, contraction and relaxation phases. When muscle is stimulated by high-frequency train of stimuli, muscle contractions are summarized, and prolonged strong contraction - tetanic contraction occurs. Depending on the frequency of stimulation, contractions are summarized completely or incompletely.


[image: image7]
Fig. 11. Simple muscle twitch recording: S – stimulation moment, LP – latent period, CP – contraction period, RP – relaxation period
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Fig.12. Summation of muscle contraction: A – single muscle contraction, B and C – incoplete and complete muscle tetanic contraction, D and 
E–tetanic  muscle contraction at  optimum and pessimum frequency of stimulation. 
Objective. To observe simple muscle twitch, incoplete and complete tetanic muscle contraction

Requirements. Teaching mini-laboratory Powerlab, electrodes for stimulation, mechanoelectrical transducer, switch, support, preparation set, Ringer solution.

Procedure:

1. Prepare the nerve-muscle preparation and put it on the support. 
2.  Put the nerve on the pair of wires (electrodes for indirect stimulation).
3. Tie the tendon to the mechanoelectrical transducer by the tread.

4. Applying single stimuli, record single muscle twitch.

5. Increase the frequency of stimulation. 
6. Determine the frequency requirements for both types of tetanic contraction.

Observations and Conclusion

2.8. The development of fatigue at the nerve-muscle preparation

Background. The process of decreasing or loss of capacity for work of any tissue under the influence of preceding work is called a fatigue. At the nerve-muscle preparation the development of the fatigue process is visually and clearly observed in condition of rhythmical nerve stimulation. At this case the series of gradually decreasing single muscle contractions are recorded. This curve is called «fatigue curve» or ergogramm. The nerve-muscle preparation consists of 3 different parts: nerve, neuromuscular junction and muscle, which have different degree of fatigue. Russian physiologist Vvedensky N.E. had proved, that motor nerve did not show the fatigue even after 8 hours high frequency stimulation, therefore the fast fatigue of nerve-muscle preparation at the experiments was related first of all to synapse and then to muscle. 
Objective. To compare the speed of fatigue development in muscle and neuromuscular junction of the frog.
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Fig.13.  Scheme of connections between the necessary devices:
1 – metal needles for direct (muscle) stimulation; 2- muscle; 3 – switch between direct and indirect stimulation devices; 4 – electrodes for indirect (nerve) stimulation

Requirements. Teaching mini-laboratory Powerlab, electrodes for direct and indirect stimulation, mechanoelectrical transducer, switch, support, preparation set, Ringer solution.

Procedure:

1. Prepare the nerve-muscle preparation and put it at the myograph device. Put the nerve on the pair of a silver or cupric wire (indirect stimulation) and insert two metal needles into the muscle (direct stimulation).

2. Define the strength of stimuli, which evoke the maximal muscle contraction.

3. Record the fatigue curve at the indirect stimulation. Note the initial increase of muscle contraction amplitude («stairs phenomenon») and followed with the decrease of amplitude.

4. After the sharp decreasing of muscle 'contraction amplitude switch the key at the direct stimulation.

5. Sketch the obtained curve at the note-book and conclude about the localization of fatigue.

Observations, Figures and Conclusion

2.9. Dynamometric index

Background. The dynamometric index reflects the muscle force characteristics of human and depends upon the level of muscle development and level of health. Dynamometric index is a relation of the strength of muscle index to the body weight. 

Objective. To measure your own dynamometric index and evaluate it.

Requirements. Force-measuring device – dynamometer.

Procedure: 

1. Sit on the chair and take leading arm aside.

2. Perform 2-3 measurement of your arm force.

3. Take the best trial value and calculate the dynamometric index as muscle strength divided on your body weight. 

4. Compare it with the standard values in table 5.
Table 5
	Index
	Men
	Women

	excellent
	>0.8
	>0.6

	good
	0.7-0.8
	0.56-0.6

	satisfactory
	0.6-0.69
	0.4-0.55

	bad
	<0.6
	<0.4


Observations and Conclusion

2.10. Nerve conduction velocity
Background. The axon has the relatively simple job of carrying the signal- a sequence of action potentials—from one place in the brain to another without changing it significantly. Some axons are thin, unmyelinated, and slow; these properties are sufficient to achieve their functions. However, the axon can be exquisitely optimized, with myelin and nodes of Ranvier, for fast and reliable saltatory conduction of action potentials over very long distances. Axons within the CNS can also be very long; examples include the corticospinal axons that originate in the cerebral cortex and terminate in the lumbar spinal cord. Alternatively, many central axons are quite short, only tens of micrometers in length, and they transmit their messages locally between neurons. The spinal interneuron between a sensory neuron and a motor neuron is an example. Some axons target their signal precisely, from one soma to only a few other cells, whereas others may branch profusely to target thousands of postsynaptic cells.
Table 6
Conduction velocities and functions of mammalian nerves 
of different diameters
	Type
	Diameter (μm)
	Conduction Velocity (m/sec)
	Examples of Functions Served

	Aα
	12-22
	70-120
	Motor neurons to skeletal muscle, Sensory afferents from proprioceptors of skeletal muscle: muscle position.

	Aβ
	5-13
	30-90
	Sensory afferents from mechanoreceptors of skin

	Aγ
	3-8
	15-40
	Motor fibers to intrafusal fibers of muscle spindles

	Aδ
	1-5
	12-30
	Sensory afferents from pain and temperature receptors

	B
	1-3
	3-15
	Preganglionic neurons of the Autonomic Nervous System

	C
	0.3-1.3
	0.7-2.2
	Postganglinic autonomic fibers to smooth and cardiac muscles


Objective. To measure nerve conduction velocity from the difference in evoked responses by median nerve stimulation at the wrist and elbow. 

Requirements. Teaching mini-laboratory Powerlab, bar stimulus electrode, ruler.

Procedure: 

1.  Choose the New Command from File Menu: the New Document dialog box appears. 

2.  Position the bar stimulus electrode on the median aspect of the front of the elbow (as at the figure 1). The electrode requires firmer pressure at the elbow tnan at the wrist because the nerve is deeper in the tissues. The orientation of the electrode
3.  should be the same as for wrist stimulation, with the cathode (the end with the leads) closest to the hand.
4.  To set up stimulation, choose the Isolated Stimulator command from the Setup menu to bring up the Isolator stimulator dialog box.  Set the stimulus pulse current to 8 mA and close the dialog box. 
5.  Set stimulator switch on the Powelab unit to the “On” position.
6.  Click the Start button in the Chart window to begin recording and stimulating. Stimulation occurs only while it records.  Find the best position for the electrode. If you cannot get a response, increase the stimulus pulse current amplitude a little.
7.  Open the Isolated Stimulator dialog box, increase the stimulus pulse current up to 15-20 mA and record two or three more waveform.
8.  Set the stimulator switch on the PowerLab unit to the “Off” position.
9.  Remove the bar stimulus electrode and mark the spot in between the pressure imprints on the skin. Remove other electrodes from the subject.
Analysis and calculation. 

An estimation of the nerve conduction velocity is obtained from the extra time required for the nerve impulse to reach the muscle, when stimulation is the elbow, as compared to the wrist.

1.  Measure and record the distance between the marks at the elbow and at the wrist.  This is the distance between stimulation sites. 

2.  Drag in the Chart window to select a waveform and then choose Zoom Window from the Window menu.  In the Zoom window, use the same steps as outlined for wrist stimulation to measure the latency of a single waveform. Record the latency value. 
3.  Using the conduction velocity equation given below, calculate the nerve conduction velocity of the subject:



                distance between stimulation sites (mm)

Velocity   =   ────────────────────────




                    difference between latencies (s)

The units of velocity are m/s. 

4.  Using the obtained data make a conclusion - to which type of the nerve fibres the investigated nerve are belongs.
2.11. Electrical phenomena in the nerve fibres
Background. The injured spot on the nerve is electrically negative to the uninjured surface. his negative potential travels along the nerve in both directions with a definite velocity. If two electrodes of a galvanometer or cathode ray oscilloscope (CRO) are connected with two points along the nerve fibre and than an electrical stimulus is applied on the nerve fibre beyond two poles, it will be seen that the galvanometer needle at first deflects to one side and then to the opposite side of the zero line and comes back to the resting position. This is due to the fact that when the traveling negative potential overtakes the first electrode, it becomes negative to the other electrode. Hence, a current flows latter to the former. Again, when the negative potential overtakes the second electrode, this becomes negative and the current through the galvanometer flows in the reverse direction. This is called current of action. These diphasic variations of the action potential can also be recorded through the cathode ray oscillograph (CRO).They are viewed through the oscilloscope screen (fig 14).
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Fig.14. Diagrammatic representation of diphasic action potential in the cathode ray oscillograph connecting with recording microelectrodes on the outer part of nerve  fibres.
2.12. The impulse is propagated along a nerve in both directions
Background. Impulse is propagated along a nerve in both directions (in the experiment).

You can see two actions potential on the cathode ray oscillografe (Fig.15 ) 

· The excitation takes place at the 1 canal from the first exploring electrode 

· The excitation takes place at the 2 canal from the second exploring electrode 

Objective. To observation of bilateral excitation along the nerve.
Procedure:
1. Draw the scheme of these experiment

2. Here is the apparatus we need for the experiment
3. Prepare the nerve-muscle preparation and place it into the humid camera of the apparatus
4. In the middle of the sciatic nerve put on stimulating and exploring electrodes at both ends of the nerve as I am show on the scheme (fig. 15).
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Fig.15. The observation of the bilateral excitation along the nerve.
Observations and Conclusion

2.13. Parabiosis
Background. We can define this process as the law of  anatomical and physiological nerve integrity. To understand this law we should get to know the parabiosis phenomenon.

This phenomenon  was discovered by the famous physiologist Vedensky. 

Parabiosis is a define condition of the excited tissue caused by alterative actions such as cooling, traumatic hurt or anesthesia and different factors. Such alterative actions change nerve excitation, its conducting characteristics and its lability. Parabiosis develops gradually and has 3 phases:

1. equalizing

2. paradoxical 

3. inhibitory

Objective. To study and observe this phenomenon.

Procedure:
1. Set up the nerve-muscle preparation.

2. Prepare the sciatic nerve of a frog hip and place the ligature under the nerve. Then put a cotton ball wetted with Novocain under the ligature. This procedure is supposed to cause the nerve impulse blockade along the sciatic nerve.

3. After a certain period of time, every 30 second stimulate this part of the nerve, which is beyond Novocain action.

Analysis.

This procedure causes a blockade of nerve impulse conduction along the sciatic nerve. You see that stimulation does not happen in the blocked part as a result the muscle doesn’t contract.
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Fig.16. Phases of Parabiosis: 1 – normal, 2- equalizing, 3- paradoxical, 4- inhibitory

Observations and Conclusion

Control questions on the physiology of excitable cells 
and neuro-muscular system.
1. The structure of the cell membrane. Transport through the cell membrane.  Basic mechanisms of passive and active transport (the concentration difference, diffusion, ion pumps, secondary active transport).

2. Membrane potential. Measurement and calculation of the membrane potential. The value of membrane potential in different cells.

3. Action potential. The phases of action potential. Changes in sodium and potassium conductances during the course of the action potential. The threshold for excitation. 

4. The refractory period. The negative and positive after-potential. The «all-or-nothing» principle. 

5. The phenomenon of accommodation. The excitability curve (rheobase, the utilization time, chronaxie).

6. The structure and classification of myelinated and non-myelinated nerve fibers Propagation of the action potential in myelinated and non-myelinated nerve fibers. Direction of propagation. The laws of propagation of the action potential along the nerve fibers.

7. Parabiosis (by N. E, Vedensky).

8. The neuromuscular junction. Secretion of acetylcholine by the axon terminals. 

9. The “end-plate potential” and excitation of the skeletal muscle fiber. Role of acetylcholine-esterase. Drugs that affect transmission at the neuromuscular junction. 

10. Contraction of skeletal muscle. The organization of skeletal muscle. Molecular mechanism of muscle contraction. 

11. Excitation-contraction coupling. Role of the calcium ions and ATP in muscle contraction. Rigor mortis.

12. Characteristics of a single muscle twitch. Isometric and isotonic contraction. Summation of muscle contraction (toothed and smooth tetanus). 

13. The motor unit. Skeletal muscle tone.  The mechanisms of fatigue in the nerves, muscles and in neuromuscular junction. The phenomenon of Orbeli-Ginetsinsky.   

14. The smooth muscle. The structure and the types of smooth muscle. Innervation of smooth muscle. Effect of local tissue factors and hormones.

15. Membrane potential and action potentials in smooth muscle. Mechanism of contraction and relaxation in smooth muscle.  Excitation-contraction coupling (role of calcium ions). 

3. CENTRAL Nervous System and special 
functions of nervous system 
3.1. Spinal frog

Background. There are thirty-one pairs of spinal nerves. Each pair contains both sensory and motor fibers. The dorsal root of a spinal nerve contains sensory fibers, and the cell bodies of these neurons are contained in the dorsal root ganglion. The ventral root of a spinal nerve contains motor fibers. A reflex arc is a neural pathway involving a sensory neuron and a motor neuron. One or more association neurons also may be involved in some reflexes. A basic local circuit in the spinal cord consists of inputs (e.g., sensory axons of the dorsal roots), interneurons (both excitatory and inhibitory), and output neurons (e.g., a motor neurons that send their axons through the ventral roots)

Objective.  To observe the behavior of the intact frog and to compare it with the behavior of the frog with destroyed spinal cord. 

Requirements. Stand with hook, scissors, pincers, filter paper, Ringer’s solution, H2 SO4, gauze, ether, cotton wool, stop-watch. 

Procedure:
1. Observe the behavior of the intact frog placed on a board. The head is well raised on the forelimbs, the hind limbs are flexed, and respiratory movements are present. 

2. Give the frog a slight ether anesthesia. 

3. Then cut off the upper mandible by scissors just behind its eyes. This animal named spinal animal. 

4. Put the animal back on the frog board and note that there are no any movement. Pinch the skin with a sharp forceps - there is no reflex response of any kind. This state of depression of activity, accompanied by complete paralysis, is called spinal shock. 

5. The state of spinal shock disappears soon (the duration of spinal shock varies – from a few minutes in the frog to a few weeks in man). The legs are now drawn well up to the body.  However, the posture is quite different from normal. The frog does not make any “spontaneous” movements- crawl or jump. Some reflexes can, however, be demonstrated. 

6. Pinch one toe gently. There is only a slight reflex movement of that limb. Pinch the toe with greater and greater force, the movements increase accordingly and the other limb, and even the whole animal, may exhibit movements. This state is called irradiation of reflexes. 

Observations, Figures and Conclusion

3.2. The measurement of spinal withdrawal reflex time 
(by Turk method)

Background. The PNS serves four main purposes: (1) it transducers physical or chemical stimuli both from the external environment and from within the body into raw sensory information via receptors; (2) it conveys sensory information to the CNS along axon pathways; (3) it conveys motor signals from the CNS along axon pathways to target organs, primarily skeletal and smooth muscle; and (4) it converts the motor signals to chemical signals at synapses on target tissues in the periphery. All of this event takes certain time.
Objective. To prepare the spinal frog, to observe the withdrawal (defense) reflex in response to the stimulation by different concentrations of sulphuric acid, and to measure a time of defense reflex with each acid concentrations. 

Requirements. Stand with hook, scissors, tweezers (pincers), filter paper, Ringer’s solution, H2 SO4, gauze, ether, cotton wool, stop-watch. 

Procedure:
1. Give the frog a slight ether anesthesia. 

2. Then cut off the upper mandible by scissors just behind its eyes. This animal is named spinal animal. 

3. Hang this spinal animal on the cupric hook  

4. Immerse  any hind limb (up to knee joint) suspended frog  into the glass with sulphuric acid solution in concentration 0,1 %  and simultaneously switch on the stop-watch to measure the duration of reflex response – that is time between  the moment of immersion the limb into acid and withdraw from the acid. This time is so-called flexion reflex or defense (withdrawal) reflex time. 

Warning. After any contact of the frog pad with acid solution you must well wash off this pad with water. 

5. Wait for 1 or 2 minute for recovery nerves and muscle functions. 

6. Repeat steps 1 to 2 above for 0,3 and 0,5 % sulphuric acid. 

7. After the definition of three means of reflex time, plot the obtained data.
8. Explain the obtained regularity of dependence of reflex time from acid concentration.  Put the obtained data into the table 7.
Table 7
	Concentration of sulfuric acid
	Reflex time

	0,1%


	

	0,3%


	

	0,5%


	


Observations, Figures and Conclusion.

3.3. Analysis of the reflex arch

Background. The main mechanism of activity of central nerve system (CNS) is a reflex. Reflex it is a response of living organism to any stimulus (as external as internal ones) by using of CNS. The morphological and physiological substrate of reflex is a reflex arch. 

The reflex arch consists of five parts: 

1. Receptors. 

2. Afferent nerve fibers and afferent neurons, which pass the excitation from periphery to spinal cord. 

3. Central part (gray substance of spinal cord) with interneuron and motoneuron connected by synapses. 

4. Efferent fibers, which propagate the excitation from spinal cord to periphery. 

5. Effectors – any target organ, which is innervated by efferent fibers. 

Objective. To learn the structure of reflex arch and to prove the importance of all parts of reflex arch for reflex realization. 

Requirements. Stand with hook, shears, tweezers (pincers), filter paper, ligatures, Ringer’s solution, H2 SO4, gauze, ether, Novocain solution – 2%, cotton wool. 

Procedure: 

1. Prepare the spinal frog.

2. Hang this spinal animal on the cupric hook.

3.  Immerse  any hind limb  into the sulphuric acid in concentration 0,1, 0,3 and 0,5 % subsequently and measure the duration of reflex response – the time between  the moment of immersing the limb into acid and removing (withdraw) this limb from acid, that is withdrawal (defense) reflex. Choose those sulphuric acid concentration, which ensures the best reflex response. 
4. Warning: after any contact of the frog pad with acid you must washing off this pad in water.
5. Then make a ring incision of skin around the hip and strip the skin from leg. Stimulate this leg by sulphuric acid again and observe the absence of withdrawal reflex. 
6. Prepare the sciatic nerve at the frog hip at the distance of 1,5-2 centimeter and place the ligature under the nerve. Then put the cotton wool wetted with Novocain under the ligature. This procedure must evoke a blockade of nerve impulse conduction along the sciatic nerve. After the certain period the defense reflex disappeared. 
7. Finally, destroy the spinal cord. Observe the disappearance of all reflexes. 

Registration of results. 

1. Draw the two- and tree-neuronal reflex arch.

2. Draw the scheme of this experiments. 

3. Evaluate the significance of different parts of reflex arch for successful performance of defense reflex. 

Observations, Figures and Conclusion

3.4. Demonstration of Deep (Tendon) Human Reflexes

Background. Tapping the patellar tendon with a percussion hammer elicits a reflexive knee-jerk caused by contraction of the quadriceps muscle: the stretch reflex. Stretching the tendon pulls on the muscle spindle, exciting the primary sensory afferents, which convey their information via group Ia axons. These axons make monosynaptic connections to the (-motor neurons that innervate the quadriceps, resulting in the contraction of this muscle. The Ia axons also excite inhibitory interneurons that reciprocally innervate the motor neurons of the antagonist muscle of the quadriceps (the flexor), resulting in relaxation of the semitendinosus muscle. Thus, the reflex relaxation of the antagonistic muscle is polysynaptic. The reflex stimulates the motor neurons to the extensor muscle and inhibits the motor neurons to the flexor muscle. 
The muscle jerks are used by neurologists to assess the degree of facilitation of spinal cord centers. When large numbers of facilitatory impulses are being transmitted from the upper regions of the central nervous system into the cord, the muscle jerks are greatly exacerbated. On the other hand, if the facilitatory impulses are depressed or abrogated, the muscle jerks are considerably weakened or completely absent. These reflexes are used most frequently to determine the presence or absence of muscle spasticity following lesions in the motor areas of the brain. Ordinarily, large lesions in the contralateral motor areas of the cerebral cortex, especially those caused by strokes or brain tumors, cause greatly exacerbated muscle jerks.

Objectives. To observe the myotatic reflex in a relaxed volunteer, and observe the effects of other activity on the reflex.

Requirements.  Patellar hammer. 

3.5. Knee-jerk (myotatic) reflex

Procedure:

1. Ask the volunteer to sit in a chair and cross the right leg over the left.

Check that the right foot can swing backwards and forwards freely.

2. Firmly tap the right patellar tendon (just below the knee cap) andwatch the knee jerk.

3. Elicit a series of five knee jerks, at intervals of about two seconds, in order to assess the average response.

4. Ask the volunteer to cup and link the fingers of both hands, and then
pull outwards very strongly (this is the 'Jendrassik manoeuvres`)

5. Repeat step 3 while the volunteer continues to do this.

The briskness of knee jerk varies in different individuals. A pendular knee-jerk is seen in cerebellar disease. The spinal segments concerned are 2nd, 3rd and 4th lumbar.

Ankle jerk:

Place the lower limb on the bed, so that it lies everted and slightly flexed. With one hand, dorsiflex the foot, so that the Achille's tendon, is stretched. Now with the other hand strike the patellar hammer on the posterior surface of the tendon. A sharp contraction of the calf muscles results. The reflex can also be conveniently elicited when the patient is kneeling on a chair. Reflex depends upon 1st and 2nd sacral segments.

Triceps jerk:
Flex the elbow of the patient and allow the forearm to rest along his chest. Tap the triceps tendon, just above the olecranon. The triceps muscle contracts. Reflex depends upon the 6th and 7th cervical segments.

Biceps jerk:
The elbow is flexed at a right angle and forearm is placed in a semipronated position. The examiner will then place his thumb or index finger on the biceps tendon and strike it with the patellar hammer. The biceps muscle contracts. Reflex depends upon the 5th and 6th cervical segments of the cord.

Supinator jerk:
A blow upon the styloid process of the radius stretches the supinator, causing supination of the elbow. It depends upon 5th and 6th cervical segments.

Jaw jerk:
Ask the patient to open his mouth slightly, not too wide. Place your one finger firmly over his chin and then tap it suddenly with the other hand as in percussion. A contraction of muscles closes the jaw. The jerk is sometimes absent in healthy individuals and is increased in upper motor neurone lesions above the 5th nerve nuclei.
Observations and Conclusion

3.6. Temporal summation  EPSP in the motoneurones
Background. If a number of subminimal stimuli are applied, their effects will be summated together and the excitatory postsynaptic potential (EPSP) will be sufficient to induce the motoneurones to discharge impulses and produce the reflex response - the frog makes a jump.

Procedure:
Experiment spend on thalamus to a frog. A cut of a brain make at a level of the bottom poles of hemispheres, behind of eyes. The frog is put on a board. To a back paw of a frog bring electrodes from an electric stimulator. Establish frequency of irritation of 1 Hz and, gradually increasing force of a current, observe occurrence of weak contractions of muscles of a shin. After definition of threshold force of a current establish frequency of stimulation of 20-50 Hz and irritate a back leg of the frog. On stimulus of high frequency the frog makes a jump.
Registration of results.

Observations and Conclusion

3.7. Irradiation of excitation
Background. The spinal frog at weak irritation of tips of fingers of a back paw has a weak reflex movement of limb. At gradual strengthening irritation observe involving in reflex reaction of other limbs of a frog.

Procedure: 

Pinch one toe gently. There is only a slight reflex movement of that limb. Pinch the toe with greater and greater force, the movements increase accordingly and the other limb, and even the whole animal, may exhibit movements. This state is called irradiation of excitation or irradiation of reflexes. 

Registration of results.

If the sensory stimulus is strong, the impulse would spread on to many neighbouring neurons in the center and produce a wider response. 

A strong stimulus will cause reflex contraction of the extensor muscles of the opposite limb.

Observations and Conclusion

3.8. Inhibition of reflex (by Sechenov)

Procedure:   

Experiment is carried out on a thalamic frog (fig 17). 

1. You have to make incision behind frog's eyes, and then hang it on the tripod by its lower jaw. 

2. Wait for 3-5 minutes, till the effect of spinal shock ends. 

3. Define reflex time by Turk (2-3 times). 

4. After that take the frog away from the tripod, dry the surface of the incision with the cotton wool. 

5. Carefully uncover thalamus by scissors. Dry the incision by cotton wool and hang up the frog on a tripod again. 

6. Put a salt crystal on the incision try to identify reflex time by Turk immediately. Note if the time of reflex would get longer and how long.

7. After deleting of the salt you have to wash the surface of thalamus with a physiological solution and after 5 minutes try to determine the reflex time once again. Check, if it will take the same time.

8.  Pay attention if convulsive contraction occurs after putting the salt crystals. It means that the brain surface was dried bad, salt have dissolved and permeated into lower brain sections. In this case you have to wash the brain surface again, dry it carefully and repeat this work from the very beginning.                                                                                                                                                                               

9. Write down your observation results into the protocol and make a conclusion.

Observations and Conclusion
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Fig.17. The central inhibition (by Sechenov).
3.9. Reciprocal inhibition of the spinal reflexes (by Golz)

Procedure:   

1. Hang up the spinal frog on a tripod. 

2. Put its leg into the 0.5% Sulphur acid solution and observe the reflex of flexion. 

3. Determine reflex time by Turk.

4.  After that, during putting the frog’s leg into the Sulphur acid, you have to press another leg with the Pean’s squeezer. The reflex of flexion won’t appear, or the reflex time become much longer. 

5. Write down your observation results into the protocol and make a conclusion. 
Registration of results.

Observations and Conclusion

3.10. To study the static and statokinetic reflexes in the guinea pig
Procedure:   

1. Positional-tonic reflexes in the guinea pig: 

The guinea pig is placed on a napkin and its natural position is studied. When taking the animal by its snout, its head is lifted upwards. It is marked that in these conditions forelegs of an animal are straighten (fig.18), while back legs remain bent.

[image: image14.jpg]



Fig.18. The extension of forelegs with lifting of the head

2. Straightening reflexes in the guinea pig:

a) The animal is lifted upwards by the shoulder girdle and by the head, then the trunk is turned by 180 degrees and the head is directed downwards. When the head is released - it is returned to the normal position, i.e. the crown of the head is directed upwards. (fig.19-a,b) 
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Fig.19. Returning the head to the natural position after turning the trunk by 180 degrees:  a- the head is fixed, b- the head is release.
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                                                         c

Fig.20.  Returning the natural position after turning the trunk by 90 degrees:
a- the trunk is transferred to the horizontal position, the head and trunk is fixed by the hand

b- the head is released, it is returned to the normal position

c- the trunk is released, it is returned to the normal position

b) When taking the guinea pig by the pelvis, its trunk is transferred to the vertical position with the head downwards. It is marked that in these conditions the head of the animal keeps normal position - is focused upwards. (fig.20-a,b,c).
3. "Lifting reflexes" and the reflex of "landing" in the guinea pig: 

a) The guinea pig is placed on a plate and its position is studied - its forelegs and back legs are bent, the head is raised. (fig.21- a). The platform with the animal is quickly moved upwards and downwards. It is observed that in the beginning of the fast descending its forelegs and back legs are straightened, the trunk and the head are lifted up (fig.21- b). At the moment of a sudden stop, in the end of descending, the legs are bent; the head and the trunk are pressed to the supporting plane (fig.21- c). When lifting, reflex 
b) The guinea pig is lifted up by the pelvis and by the shoulder girdle; - its legs are half-bent and are hung down. The animal is quickly moved to the ground. It is marked that during the movement its forelegs and back legs are unbent and straightened forward; its fingers are fan-shaped. Reactions change in the reverse sequence.
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Fig.21. Change the position of the guinea pig during the fast descending:
a - the initial position

b - the position of the guinea pig at the beginning of the fast descending

c - the position of the guinea pig at the moment of sudden stop

Observations and Conclusion

3.11. Investigation of vegetative tone of the person 
by method of questionnaire design
Requirements. The table-questionnaire. Research is carried out on the human being.

Procedure: Аnswer the following questions of table 8. At each positive answer put a sign "+", that will correspond to one point. After filling the table-questionnaire count up sum under corresponding columns and formulate one of three conclusions by prevalence of a sum in one of three columns:eitonia or normotonia  (relative vegetative balance); vagotonia (prevalence parasympathetic  influences); sympaticotonia (prevalence of sympathetic influences).

Registration of results. Make the conclusion about your initial vegetative tone and compare it to the conclusion from the previous problems.

Table 8
A questionnaire for  reference estimation of an initial 
vegetative tone in human*
	Symptoms and clinical indexes
	Sympaticotonia
	Normotonia
	Vagotonia

	Skin: Color
	Pale
	Normal
	Propensity
to reddening

	Dermographism
	Pink, white
	Red
	Red, towering

	Body temperature
	Propensity to raise
	Normal
	Propensity
 to decrease

	Body weight
	Propensity to grow thin
	Normal
	Propensity 
to obesity

	Appetite
	Increase
	Normal
	Decrease

	Cardiovascular 
functions:

Frequency of 
heart beats
	Propensity to tachycardia
	Normocardia
	Propensity 
to bradycardia

	Arterial pressure
	Propensity to raise
	Accordingly to age
	Propensity to hypotension

	The sensation heartbeats in rest
	Is characteristic
	Is not characteristic
	Is not characteristic

	Pains in the heart regions
	Are possible
	Is not characteristic
	Are often

	Respiratory
parameters:

Frequency of breath
	Is raised
	Normal
	Is decreased

	The volume of breath
	Is raised
	Normal
	Is decreased

	Physical efficiency 
	Is raised
	Normal
	Is decreased

	Dream
	Restless
	Quiet
	Deep

	Psychoemotial features
	Absent-mindedness, often hyper excitability
	Steadiness
	Apathy

	Amount of points
	
	
	


* The table is presented in the reduced variant.
Observations and Conclusion

3.12. Investigation of vegetative reactance of the person 
by extracardial  reflexes
Background. Some cardiac reflexes have important diagnostic, and sometimes medical, value. Reflex by Danini-Ashner, sinocardial (Goering-Chermaac), solar (Tome-Ru) are most well known reflexes. All of them arise during irritation corresponding reflexogenic zones and conduct to stimulation of vagus nerves influences on heart. Centripetal ways of these reflexes reach nuclei of these nerves in medulla oblongata; centrifugal ways to heart begin from them.

Equipment: a stop watch. Research is carried out  on the human being.

Objective. Consistently carry out research of three reflexes.

Procedure: 1. Oculocardiac (Daniini-Ashner) reflex. Tested person sits on a chair, having relaxed, during 5-6 minutes. Count up the initial pulse at the tested person. Then ask him to close his eyes. Put four fingers of hands to temporal surface of person's head and press on his eyes with the thumbs slowly during 10-20 s. Do not use very strongly press on both closed eyes, then quickly stop pressing. Again count up frequency of pulse. Pulse is counted up right after with pressings on eyeballs and through 5 minutes after the termination of influence. 

The maximal delay of pulse is registered on 15-30-th to second and lasts 20-60 second after the termination of pressure. At healthy people the number of intimate reductions is slowed down on 4-10 beats /minute (normal type). If the delay of pulse will be more than on 10 beats /minute reaction is considered strengthened (vagothonic type). If pulse becomes frequent, it is the perverted reaction; at absence of shifts - reaction is negative (sympaticothonic type). 

2. Cervical vegetative (carotid sinus) reflex; test by Chermac. Make this test through 8-10 minutes after previous exercise. Wait for initial pulse value will be recovered. Define a pulsation in the field of forward border of the upper tierce of sternocleidomastoid muscle (a zone of projection of carotid bifurcating). Carry out easy constant pressing on it during 20-30 seconds. With other hand count up pulse frequency for 30 seconds. Write down results in the table. Delay of pulse on 6-12 beats /minute is characteristic for normal parasympathetic reactions (vagotonia); delay over 12 beats /minute testifies to increase of tone of vagus nerve.
Registration of results. Write your results in table 9. 

Table 9
Results of vegetative reflexes
	Test
	Initial value of pulse, per min
	Size of change of pulse 
in test

	
	Normal
	test
	Normal
	test

	Oculocardiac reflex
	60-65
	
	from -2,0 to -10,0
	

	Carotid sinus
reflex 
	60-65
	
	from -4,0 
to -10,0
	


Observations and Conclusion

3.13. The analysis of vegetative reactance of the person 
by cold test method
Background. Cold test allows investigation of vegetative reactance.

Objective. Define arterial pressure (the AP, mm hg) and a pulse rate (heart rate, /mines) at the tested person in sitting position. Then ask him to dip his right hand into the glass with cold water for 1 minute.  In 0, 5 and 1 minutes from the beginning of test, and also every minute after the hand is taken from a glass with cold water, the AP (mm hg) and heart beats are investigated repeatedly.

Requirements. Tonometer with a phonendoscope, a stop watch, a glass with very cold water. Research is carried out on the human being.

Registration of the results. 1. Write your results into the table 10.

Table 10
The results of cold tests in person
	Parameter
	Initial 

values
	Vegetative reactivity

(minute of inspection)

	SP, (systolic pressure) mm Hg
	
	0,5
	1-st
	2-nd
	3-rd
	4-th
	5-th

	DP, (diastolic pressure) mm Hg
	
	
	
	
	
	
	

	Hear rate,

per  min
	
	
	
	
	
	
	

	VIC, %
	
	
	
	
	
	
	


2. Estimate size of vegetative reactance by change the AP (mm Hg) and heart rate, using formula Kerdo.

VIK = (1 - AP/ heart rate) •100 (%)

(VIK – vegetative index Kerdo).

Observations and Conclusion

3.14. Other vegetative tests

Background. Simple tests may be made in any conditions. In spite of a seeming simplicity of these methods, they give the important information about status of vegetative regulation at the person.

Requirements. A stop watch, a couch, a wooden stick with the sharp end.

Procedure: Two students participate in exercise - one is investigated, another performs tests. Carry out following manipulations consistently.

1. Clinostatic reflex (test by Daniepolopol)
Investigated person slowly passes from vertical position in horizontal.  In response pulse is slowed down on 4 - 6 beats per minute (positive reaction) or on 8-12 beats per minute (sharply positive reaction) that depends on reflex increase of a tone of vagus center.
2. Orthostatic  reflex (test by Prevel)

Investigated person being in horizontal   position, slowly stands up. In response pulse will be increase on 6-24 beats / min (positive reaction); more than on 24 beats / min - sharply positive. It depends on reflex increase of a tone of sympathetic system.

3. Dermographism - a parameter of a tone of precapillars of skin.  

White dermographism is caused by fast drawing of an easy stroke on a skin (with the sharp end of a wooden stick). In 8 -20 sec after irritation there will be a white strip which is kept from 1 up to 5-10 minutes (in norm).


Red dermographism is caused by a slow drawing strong stroke on a skin with the blunt end of a stick. Through 5-15 sec there will be red strip which is kept from 1,5 minutes up to 1- 2 hours (in norm).


Towering dermographism. Make stroke on a skin by strong pressure with the hole of stick. Through 1-2 minutes there will be pale cylinder, which in norm is kept  for a long time. Unlike two previous kinds of dermographisms, it occurs in healthy people, towering dermographism is characteristic only for sick people.



Reflex dermographism. Make stroke on a skin with strong pressure with sharp end of the stick. Through 5-30 sec there will appear pink -red (rare white) spots. There sizes may be about 1-6 sm. Contours are rough. These changes are kept in norm from 30 sec up to 10 minutes.

 
Hair (pilomotor) reflex (test by Toma). This reflex is caused by mechanical irritation: tingle skin, friction, a touch of an ice, ether and chloroaethyle irritation. In response there will be a goose-pimples in the area of irritation.

Registration of results.

Observations and Conclusion

Control questions on the physiology of the central nervous system (cns) and special functions of nervous system
1. The functions of the central nervous system.
2. Organization and functions of nervous system. Neurons, classification of neurons. Neuroglia. Functions.
3. A reflex is as a main mechanism of central nervous system activity. Classification of reflexes.
4. Reflex arc. The main units of reflex arc. Varieties of reflex arc. 
5. Generation of action potentials in neurons and conduction of nerve impulses. The synapses in nervous system (electrical and chemical). Neurotransmitters in CNS.

6. Excitatory and inhibitory postsynaptic potentials (EPSP and IPSP). Excitatory and inhibitory neurotransmitters in CNS. Spatial and temporal summation of EPSP.

7. Long-term potentiation. Synaptic inhibition (postsynaptic and presynaptic). Integration of EPSP and IPSP in neurons. 

8. The central inhibition (by Sechenov). Classification.  Synaptic potential - IPSP. Inhibitory neurotransmitters in CNS: GABA and glycine. Inhibitory interneurons (Renshaw cells).
9. Classification of central inhibition.
10. Presynaptic inhibition. Mechanism.
11. Postsynaptic inhibition (recurrent, reciprocal, lateral inhibition). Mechanisms.
12. Varieties of secondary inhibition. Mechanisms.

13. Organization of the spinal cord for motor functions. The descending and ascending spinal cord tracts. Spinal cord transection and spinal shock. 

14. Role of the muscle spindle in motor control. The spinal cord reflexes: the tendon reflex, the flexor reflex, crossed extensor reflex. Reciprocal inhibition and reciprocal innervation. 

15. Medulla oblongata. The vital centers: the vasomotor center, the cardiac control center and the respiratory center. 

16. Midbrain. Functions of the cerebral peduncles, the red nucleus and the substantia nigra.

17. The reticular formation. Reticular activating system. Functions of the reticular formation in controlling subconscious, stereotyped movements.

18. Thalamus. The generalized thalamocortical system: role of sensory information on cortical activity. Function of the thalamus in attention and in mechanisms of pain. 

19. Hypothalamus. Behavioral functions of the hypothalamus.Vegetative control functions of the hypothalamus. Hypothalamic control of the anterior pituitary gland. 

20. Motor functions of the basal ganglia. Functions of the different basal ganglia. Clinical syndromes resulting from damage to the basal ganglia.

21. The cerebellum and function of the cerebellum in controlling movements. The input system to the cerebellum and output signals from the cerebellum. Clinical abnormalities of the cerebellum.

22. The limbic system. Specific functions of the parts of limbic system. Role of the structures of the limbic system in forming of emotions and behaviors. 

23. Physiology of vegetative nervous system. Structural and functional properties of somatic and vegetative nervous system.

24. Properties of reflex arch of somatic and vegetative nervous system.

25. Sympathetic and parasympathetic divisions of vegetative nervous system.

26. Adrenergic and cholinergic structures of vegetative nervous system. 

27. Synergism and relative antagonism of influence of sympathetic and parasympathetic divisions of vegetative nervous system.

28. Vegetative centers. Hypothalamus, its nuclei and their significance in regulation of vegetative functions. 

29. Participation of vegetative nervous system in the fusion of functions. 

4. THE cardio-vascular system

4.1. The study of cardiac cycle and autonomy of different parts 
of frog heart. Stannius’s ligatures

Background. The cardiac cycle is a repeating pattern of contraction and relaxation of the heart. The phase of contraction is called systole and the phase of relaxation is called diastole. Usually these terms are referred to ventricles; however the atria also contract and relax. 


Two atria are filled with blood and then contract simultaneously. This is followed by simultaneous contraction of both ventricles, which sends blood through the pulmonary and systemic circulations. Contraction of the ventricles closes the atrioventricular (AV) valves and opens the semilunar valves; relaxation of the ventricles causes the closing the semilunar valves. The blood from systemic circulation hits to aortic valve and again returns in systemic circulation vessels. The mean duration of whole cardiac cycle (at heart rate 75 /min) is 0,8 seconds. Then the heart pause occurs, which lasts about 0,4 seconds. 


The main properties of the heart – is automaticity. The automaticity – is heart ability to contract under the influence of impulses, arising in heart itself. If the heart of frog (or human) is removed from the body and neural innervation is unable, it will still continue to beat as long as the myocardial cells remain alive. Many regions within the heart are able to generate the action potentials and functioning as pacemaker. However, in a normal heart only one region demonstrates spontaneous electrical activity. This pacemaker region is called the sinoatrial (SA) node. The SA node is located in the right atrium, near the opening of the superior vena cava. It provides the heart rate 60-80/min. If this node is damaged for some reason the second pacemaker will generate impulses –AV node, which is located on the inferior portion of the interatrial septum. It is called the pacemaker of second order. The frequency of impulse generation of AV node is about 40-45/min. The next department of heart conducting system – is a bundle of His and left and right branches, beginning at the top of interventricular septum. They provide heart’s rate 30-35 /min. Finally, within the ventricular walls the Purkinje fibers are located – the last part of heart conducting system with heart rate only about 20/min. 


In frog heart the following parts of conducting system are distinguished: 1) Remak bundle, located between venous sinus and atria, 2) Bidder bundle in the interatrial septum, 3) Purkinje fibers, which coming from  Bidder bundle. 

Objective. To make naked-eye observation of the hearts’ activity and observe the automaticity phenomenon. To investigate the conductive system of the frog heart by Stannius’s ligatures. 


Requirements. Preparation set, Ringer solution, preparatory board, cupric probe, Starling’s heart lever, gauze, ether, cotton wool, stop-watch, ligatures. 

Procedure: 

Exposure of heart. 

1. Give the frog a slight ether anesthesia. 

2. Then cut off the upper mandible by scissors just behind its eyes and destroy quickly the spinal cord by cupric probe. 

3. Make the midline incision though the skin over a sternal region from the xiphisternum (cartilaginea parts of sternum) to lower jaw. 

4. Remove the triangular pieces of skin on both sites of incision and anterior chest wall is now exposed. Rise the xiphisternum by forceps and make a horizontal cut through the muscle and remove the anterior chest wall. 

5. The heart is now revealed beating within the pericardial sac. Remove the parietal pericardium.

Naked-eye observation of the automaticity phenomenon. 

1. The wall of the single ventricle is thicker than that of the atria. 

2. The truncus arteriosus lies anteriorly to the ventricle near its base and divides into two aortae. You can see, that the ventricle is seen to become paler during contraction. 

3. Sequence of the heart cycle – contraction starts at the mouth of the vena cavae, followed by sinus, atria, ventricle and truncus arteriosus. 

Analysis of automatic contraction of the whole heart. 

1. Count the rate of frog heart in normal condition – it will be a control value.  

2. Separate the venous sinus from two atria by 1st Stannius lugature – that is tie a ligature at the level of white crescentic line. The venous sinus is seen to beat at the previous rate, but the ventricle stops after a few beats. 

3. Count the rate of the sinus and compare it with that of the other portion of the heart. 

4. The ventricle may resume beating after some minutes (sometimes 20 minutes), but it will be better to tie a 2nd ligature at the atrio-ventricular groove. This ligature stimulates the AV node. Note, that the heart rhythm is decreased – about 2 times. 

5. Apply 3-rd Stannius ligature dividing lower part of ventricles  - heart apex -from heart. After this manipulation heart apex stops to contract (fig. 22).
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Fig. 22. Application of Stannius ligatures: A, B, C – 1st, 2nd, 3rd Stannius ligatures, respectively. Contracting parts of heart are shown in dark.

Observations, Figures and Conclusion

4.2. Determine of duration of a cardiac cycle in the person on pulse
Background. The cardiac cycle consists of a systole of atriales, a systole of ventricles and the general diastolic pause of heart. The resting heart is 60-80 beats per minute. At the healthy person in a condition of rest duration of a cardiac cycle makes in norm 0,67-1,00 sec. 
Duration of the cardiac cycle count under the formula:  

T= 60 seconds / frequency of contraction of heart in a minute 
(Т-duration of the cardiac cycle)
Objective. To learn the methods of duration of a cardiac cycle in the person on pulse.
Procedure: 


Ask the patient to be seated comfortably and fully relaxed. Note the presence of the main arterial radial pulses by palpating this vessel on one side. Examine the radial pulse at the wrist with tips of the first three fingers.  Count up pulse within a minute. Calculate duration  the cardiac cycle under the formula T= 60 seconds : frequency of contraction of heart in a minute. Compare result to norm (60-80 beats per minute).
Duration of a cycle increases during a dream and in a condition of functional rest, the cycle decreases during physical or emotional loading.

Observations, Figures and Conclusion

4.3. Examination of heart sounds

Background. Heart sounds are generally examined by auscultation. Word auscultation means “to listen to” and study the sounds arising from the heart during its pumping activity. The heart sounds may be heard by placing your ear on the chest or by using stethoscope over the areas of best auscultation. The auscultatory areas include:

1. Aortic area (located at the right sternal border in the second intercostal space).

2. Pulmonary area (located at the left sternal border on the second intercostal space)

3. Tricuspid area (located at the end of  sternum ).

4. Mitral area (located at the midclavicular line in the fifth intercostal space on the left side). 
5. There are four heart sounds, but only the first two can be heard without using special amplification. 

1st heart sound. It is produced at the beginning of systole when the atrioventricular (AV) valves close and the semilunar valves open. This lower pitched tone was called “Lub” sound of the heart beat. It is dull, of low  frequency and longer in duration. The components of the 1st heart sound are: vibration produced when the heart valves close and vibration of the ventricular walls during the isometric phase of systole.

2nd heart sound. It occurs during the diastole  and is produced by the closure of the semilunar valves, when the blood flow back from aorta into the heart. This tone is high pitched and commonly referred to as the “Dub” sound. It is short, charp and of high pitch. 

3rd heart sound. It occurs during the rapid filling of the ventricles after the AV valves open and is probably produced by vibration of the ventricular walls. 

4th heart sound. It occurs at the time of atrial contraction and is probably due to the accelerated rush of blood into the ventricles.

Objectives. To teach the areas of the best auscultation of heart sounds and to examine the 1st and 2nd heart sounds. 

Requirements. Stethoscope or phonendoscope, subject. 

Procedure:
1. Patient should be physically and mentally relaxed before auscultation. 

2. Using a stethoscope, listen to the subject’s heart sound, paying special attention over four auscultatory areas on the chest where the sounds from each valve can be heard most clearly (fig. 23). 

3. Listen to the heart sounds several times (in the laboratory and back at home) to let your ears accustomed to the quality of the first and the second heart sounds. Note the abnormal heart sounds, if any. 

4. After having  learnt auscultation of the heart sounds, feel the arterial pulse simultaneously (using the radial artery). Note the difference between the pulse rate and the heart rate, if any. 
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Fig. 23. The auscultatory points of heart.
Observations, Figures and Conclusion

4.4. Registration and analysis of electrocardiogram


Background. The body is a good conductor of electricity because tissue fluids have a high concentration of ions that move in response to potential differences. Potential differences generated by the heart are thus conducted to the body surface, where they can be recorded by surface electrodes placed on the skin. The recording of small extracellular signals produced by the movement of action potentials through cardiac myocytes is called an electrocardiogram (ECG). The recording device (apparatus) is called an electrocardiograph. Note that the ECG is a result of generation and conduction of action potentials in the heart, but is not a registration of  heart’s contraction. 


The cardiac impulse (wave of depolarization) passes quickly through the conductive system from muscle cell to muscle cell by syncytium. There is a slight pause between the atrial and ventricular contractions due to normal partial block to the passage of excitatory wave through the atrio-ventricular node. 


There are two types of ECG recording electrodes or “leads” – the bipolar and unipolar. The bipolar leads record the voltage between electrodes placed on the wrists and legs. They include lead I - right arm to left arm, lead II  - right arm to left leg and lead III – left arm to left leg. The right leg is used as ground lead (electrode) (fig. 24).
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Fig. 24. Standard bipolar leads: I - right arm to left arm, II  - right arm to left leg and III – left arm to left leg.

There are also unipolar chest leads, which  labeled 1 to 6. 

In the unipolar leads voltage is recorded between a single “exploratory or active electrode” placed on the body and an electrode that is built into the electrocardiograph and maintained at zero potential (ground). The unipolar limb leads are placed on the right arm is abbreviated AVR, left arm - AVL  and left leg (foot) – AVF. 

There are 6 positions of the chest electrode (fig.25):

1. The right edge of 4th intercostal space.

2. The left edge of 4th intercostal space.

3.  The midline between the left edge of 4th intercostal space and the apex of heart.

4. The nipple line of 5th intercostal space.

5. The left frontal axillaries line of 5th intercostal space.

6. The right middle axillaries line of 5th intercostal space.

There are thus a total a twelve standard ECG leads that “view” the perpetually changing pattern of the heart’s electrical activity from different perspectives. 

There are thus a total a twelve standart ECG leads that “view” the perpetually changing pattern of the heart’s electrical activity from different perspectives. 
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Fig.25. The chest leads.
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Fig.26.  ECG recording.
Normally, ECG consists from 5 main waves – P, Q, R, S and T. P wave represents the origin of the impulse in the SA node and its spread in the atria. P-Q interval denotes the time taken by the excitatory wave to pass from the atrium to ventricle. The normal duration must be not more than 0.2 second. QRS complex reflects the depolarization of ventricles, normally not longer than 0.1 second. T wave indicates the repolarization of ventricles. S-T segment in normal conditions is on the isoelectric line. The displacement of S-T segment is indicator of  myocardial injuries. The ECG yields valuable data about function of heart, and serves as one of the most important methods for diagnostics of cardiovascular diseases (fig. 26).
Objective. To learn the methods of registration of ECG and to make the analysis of ECG curve. 

Requirements. Electrocardiograph or teaching mini-laboratory Powerlab, ECG electrodes, physiological  solution (0,9 % NaCl), gauze. 

Procedure: 

1. The student volunteering for the experiment should remove any watch, jewellery and so on from his or her wrists and ankles. 

2. Plug the Bio Amp cable into the Bio Amp socket on the PowerLab unit. 
3. Connect the leads to Earth, CH1 negative and CH2 positive on the Bio Amp cable. Connect the electrodes to the leads, supplied with gauze, wetting by physiological solution. 
4. Attach the electrodes to the student volunteer: the positive electrode to the left wrist, the negative to the right wrist and the ground to the right  leg. 
5. Ensure the volunteer is relaxed and lies (or sits) as still as possible to minimize any signal from movement (with hands in lap). 
6. Open the file “ECG”. After a short time Chart window will appear on the computer screen. You are now ready to begin the registration of ECG 1,2 and 3 leads. 
7. Calculate the rate of heart’s beats, amplitudes and duration of waves and intervals of ECG. 
8. Determine the direction of the electrical axis of the heart. 
Observations, Figures and Conclusion

4.5. Registration and analysis of phonocardiography

Background. Phonocardiography (PCG) allows investigating acoustic phenomena accompanying cardiac activity in the range of frequencies which are not available for hearing perception; to make their qualitative and quantitative analyses; to register changes; murmurs, additional sounds, tinges and everything that is of great importance for the diagnosis of heart disease.
Cardiac activity is accompanied by tones:  tone I – results from atrioventricular valves fluctuations (oscillations), tendinous fibers vibration and ventricular muscles tension; tone II – results from closing of semilunar valves cusps. Tone I and tone II are usually classified as the obligatory valve tones, as they are constantly auscultated. Tone III and tone IV are called elective muscular tones. They are not always revealed (even by phonocardiography). Tone III is caused by ventricular response (generally the left one) to the rapid blood flow (passive filling phase); and tone IV can be caused by systole (active filling phase).
In phonocardiographic analysis intervals measured by electrocardiographic waves are of great importance, so phonocardiographic recording is accompanied by parallel registration of electrocardiography (fig. 27). In phonocardiographic analysis the microphone is used for recording that is applied to the place where the corresponding tones are auscultated properly. Signals are recorded in any electrocardiograph and phonocardiograph. 
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Fig 27. The relationship between changes in intraventricular pressure, the ECG, and the PCG. Tone I refers to the second part of  QRS complex, tone II coincides with the end of wave T in ECG.
Tone I is represented by 8 oscillations and fluctuations (usually 4-5 fluctuations). They are quite large in their amplitude. The beginning of tone I refers to the second part of  QRS complex in electrocardiogram. Tone II is expressed by 2-3 fluctuations; the first one is the highest in the (PCG) amplitude. The beginning of tone II coincides with the end - wave T in electrocardiogram. Tone III and IV are low - amplitude fluctuations (1-2 oscillations).
In healthy adult tones and pauses with 75 contractions per minute are of the following duration: tone I – 0,11 seconds, pause I – 0,2 sec.; tone II – 0,07 sec.; pause II – 0,42 sec. 
Murmurs occurring in valves defects are recorded as additional low - amplitude oscillations accumulating on the available cardiac tones or appearing in intervals of the tones (it is determined by the specific pathology). The presence of the murmurs is the symptom of the disease.

Objective. To learn the methods of registration of FCG. 

Requirements. Phonocardiograph, microphone, electrocardiograph, ECG electrodes, physiological  solution (0,9 % NaCl), gauze. 

Procedure:
1. Attach electrodes to the device and to the patient in accordance with the given instructions.
2. Fix the microphone with the rubber belt above heart area, and make phono-electrocardiographic recordings adjusting phonocardiographic amplifier handle.

Observations, Figures and Conclusion
4.6. The effect of temperature on heart activity in frog 

Background. It is well known, that at the high temperature the chemical reactions and the metabolic activity of the pacemaker tissue are accelerated. This results in the generation of more cardiac impulses per unit time thus increasing the heart rate. Increasing metabolic activity of the cardiac muscle itself causes an increase in the force of contraction. Low temperature has the opposite effect. 
Objective. To obtain and investigate the effects of high and low temperature solutions on the frog’s heart activity. 
Requirements. Preparation set, cupric probe, Starling’s heart lever, hot, cold and room temperature Ringer solutions, gauze, ether, cotton wool, ligatures, powerLab. 
Procedure: 

1. Expose the frog’s heart as describe in experiment 4.1. 

2. Set up the Powerlab for recording the heart’s contractions. 


3. Pour room temperature (around 20o C) Ringer solution on the heart and record a few control contractions. Stop the record.

4. Pour Ringer solution at about 380 C on the heart drop by drop. The rate and force will be seen to increase. 

5. When the effect is maximal, switch on the registration (click the button Start) and record a few beats. Stop the record once again. 

6. Pour Ringer solution at room temperature on the heart till it resumes the previous rate and force. 

7. Now pour Ringer at about 50 C on the heart drop by drop. The rate and force will be seen to decrease. 

8. When the effect is maximal, record a few beats. 

Observations, Figures and Conclusion
4.7. The effect of vagosympathetic trunk stimulation on the heart. 
The phenomenon of vagal escape

Background. The frog’s heart is supplied by both sympathetic and parasympathetic divisions of the autonomic nervous system. The first neurons, which axons are the sympathetic (accelerator) and parasympathetic vagal (depressor) fibers, are located in the central nerve system. The frog’s mixed vagosympathetic trunk consists of both types of autonomic nerve fibers, therefore it contains post-ganglionic sympathetic and preganglionic parasympathetic fibers. The stimulation of parasympathetic nerve system (vagus) leads to the following effects: 1. Negative chronotropic – decreasing of the rate of heart beats; 2. Negative inotropic – decreasing of heart’s contraction amplitude; 3. Negative dromotropic – decreasing the excitation propagation velocity. The stimulation of the sympathetic nerve fibers has the same effects, but with “plus” sign – that is positive. 

Objectives. To study the effects of mixed vagosympathetic trunk stimulation on frog’s heart activity. To observe the phenomenon of vagal escape. 

Requirements. Teaching mini-laboratory Powerlab, preparation set, cupric probe, Starling’s heart lever,   Ringer solution, gauze, ether, cotton wool, ligatures.

Procedure:


1. Expose the frog’s heart as describe in experiment 4.1. 

2. Clean and expose the petrohyoid muscle. This is a narrow strip of muscle running from the base of the skull towards the hyoid (hypoglossus) bone and crossing a very shiny tendon of a deep-lying muscle. 

3. Lift up the lower border petrohyoid with a forceps; the vagosympathetic trunk, carotid artery and the laryngeal branch of the vagus will be revealed crossing the shiny tendon at right angles. Warning: do not try to clean and separate these structures. 

4. Push a blunt glass probe under these and tie the ligature around these structures, keeping the pieces of thread for easy location and stimulation later. 

5. Put the frog on the back and connect the heart by help of Starling’s lever with tension recorder of Powerlab as shown at fig. 

6. Apply the stimulating electrodes to the vagosympathetic trunk taking care that they do not touch the surrounding muscles. 

7. Switch the PowerLab. 

8. Open the Chart Window. Then click the file “Muscle response” and choose the Isolated Stimulator command from Setup menu to bring up the dialog box.   Leave the dialog box open, because while the dialog box is displayed – stimulator is active. 

9. Click the button Start in the right down corner of the display screen and record a few normal beats. Then switch on the stimulation frequency and amplitude by click button Stimulate in the dialog box and record the stoppage of the heart for a few seconds. Turn off the stimulation; the heart begins to beat again, usually more vigorously than before. 
10. Record some normal beats and switch on the vagal stimulation. The heart stops. Continue the vagal stimulation even after the stoppage of heart till it starts beating once again. (fig.28).
       1

       2

Fig. 28. The effect of vagosympathetic trunk stimulation on the heart contraction: 1 – cardiomyogram, 2 – Black rectangle denotes the moment of vagal stimulation.

Observations, Figures and Conclusion

4.8. Measurement of the blood pressure in human


Background. The term “blood pressure” refers to systemic arterial pressure. Its measurement is an important clinical procedure, because it provides valuable information about the circulation under normal and abnormal conditions. 


A variety of factors like cardiac output, elasticity of blood vessels, vasomotor tone, viscosity of blood and its volume operate to maintain the resting level of arterial blood. The effects of such factors, as emotional stress, muscular exercises and posture, which produce transient changes in blood pressure can, therefore, be excluded during its measurement. 


Blood pressure is a lateral pressure, exerted by the moving column of blood on the walls of the blood vessels. With the pumping action of the heart, the pressure rises to a maximum level during systole and falls to a minimum level during diastole. The pressure in the arteries is thus pulsatile. 


There are 4  main values of blood pressure: 


Systolic pressure: this is maximum pressure exerted on the walls of the vessels during systole of the heart.

Diastolic pressure: it is the minimum pressure in the vessels during the diastole of the heart. 


Pulse pressure: this is the difference between systolic and diastolic pressure. 


Mean arterial pressure: it is average pressure throughout a cardiac cycle. The duration of systole being less, than that of diastole, the mean pressure is slightly less than the average of systolic and diastolic pressures. A more reasonable approximation is diastolic pressure plus one third of the pulse pressure: 

Pm = Pd +( Ps – Pd)/3  ( for small vessels)

Pm = Pd + (Ps – Pd)/2  (for large vessels) 

Normal blood pressure: in most normal young adults the systolic and diastolic pressures are – 110-120 for systolic and 60-80 for diastolic. The highest value for normal systolic pressure is 139, and for diastolic is 89. If the pressure is higher, such person is suffering from “hypertension” (tab. 11). 

Table 11
Classification of hypertensions
	Category
	Systolic pressure
	Diastolic pressure

	Optimal
	< 120
	< 80

	Normal
	< 130
	< 85

	Increased normal 
	130-139
	85-89

	I stage
	140-159
	90-99

	II stage
	160-179
	100-109

	III stage
	>180
	>110



In clinical practice the blood pressure is measured with an instrument called sphygmomanometer (“sphygmo” means pulse and “meter” refers to measurement). A cloth-covered rubber bad (or sack) is wrapped around the upper arm and is inflated with air, till the extra-arterial pressure occludes the brachial artery or till the sounds are disappeared. Pressure in the bag is then gradually reduced and readings for systolic and diastolic pressures noted. Another device used for arterial pressure measurement is stethoscope or phonendoscope. It has two end pieces, the bell type and the diaphragm type. The ear pieces are designed so as to conform to the direction of the external auditory meatus in the ear. The diaphragm type chest piece is employed for recording blood pressure. 


Objective. To learn the methods of blood pressure measurement and measure blood pressure in human.

Procedure:

The subject may be either lying down or sitting, but must be relaxed and free from excitement and anticipation. The upper arm should be at the level of the heart. Lay the arm bare up to the shoulder and ensure that no clothing  is constricting the arm.  There are two methods: 

Palpatory method (Riva-Rocci, 1896). 

1. Wrap the armlet around the upper arm, keeping its lower edge about 2,5 sm above the bend of the elbow. (The middle of the bag should lie over  anterolateral aspect of the antecubital fossa). 

2. Locate the radial artery at the wrist and place three fingers over it. Hold the rubber bulb in you palm in such a way, that your thumb and index finger are free to manipulate the leak-valve screw. Inflate the pneumatic bag and enhance the pressure to 30 mm Hg above the level, where the pulse disappears.

3. Reduce the gradually (2 mm Hg per 1 sec). Note the reading, when the radial pulse reappears. The first appearance of the pulse is the systolic pressure. It corresponds of the time, when the blood stars flowing through the compressed segment of the artery during each systole. The first 2 or 3 beats, being thin, may be missed, so than actual systolic pressure is 6-8 mm higher than the record value. Note: the disadvantage of this method is that the diastolic pressure cannot be determined. 
Auscultatory method (Korotkoff, 1905)
No sounds are ordinarily heard if the stethoscope is applied over the bifurcation of the brachial artery. If the cuff pressure is raised above the systolic pressure and then gradually lowered, a series of sounds are heard as the smooth laminal flow becomes turbulent and sets up vibrations. The cause of sounds is the small amounts of blood that are flow at high velocity through the partially occluded artery, at the peak of each systole. Korotkoff described these sounds and correlated with systolic and diastolic pressure. 
Procedure:
1. Locate the lower end of the brachial artery in the cubital space, just medial to the tendon of biceps. Place the diaphragm of the stethoscope over this region and keep it in the position with the fingers and thumb of a hand, ensuring that it does not touch the cuff or the tubes.
2. Inflate the cuff slowly and rise the pressure to about 30 mm above the systolic level. 

3. Lower the cuff pressure gradually until the first sound is heard, usually as a clear sharp tap. Record the reading at this point which marks the systolic pressure. Lower the pressure column further, at the same time listening to the sounds carefully. The manometer readings at the instant, when the sounds disappear completely, marks the diastolic pressure. The blood pressure is usually expressed as Systolic/Diastolic. For example, 120/80 mm Hg (new borns have a systolic pressure of between 20  - 60 mm Hg). 

4. One student acts as observer and other the subject. Record the blood pressure thrice at intervals of 5 to 7 minutes and note down the readings as shown in table 12. 

5. Record the blood pressure in the sitting, standing and supine positions, to determine the effect of posture. 

6. Record the blood pressure after muscular exercise of light and moderate intensity. 

Table 12
Observations, Figures and Conclusion

	
	Pulse rate
	Systolic pressure
	Diastolic

pressure
	Pulse

Pressure

	Reading N 1

                  2

                  3

Average
	
	
	
	


4.9. Examination of the arterial pulse in human

Background. The “pulse” is the wave of increasing pressure (pulse pressure), propagated centrifugally with each ventricular contraction and blood ejection, at an increasing velocity (from 4 to 10 m/sec). The pulse does not occur synchronously in all arteries. It is important to distinguish transmission of pressure wave (the pulse) and the velocity of blood flow. The velocity of blood flow in the aorta, for example, is about 1 m/sec and in the capillaries – 1 mm/sec. Much information can be gained from the rate, quality of pulse and the shape of pulse curve particularly at patients with disorders of the heart. 
For recording the pulse the radial artery is generally chosen, since it is easily accessible and lies against the bone.  If it is aberrant, palpate the opposite radial artery. Whenever disease of the cardiovascular system is suspected, both radial pulses should be felt simultaneously and carefully compared. 

The pulse rate is not constant in any one subject; the pulse interval varying slightly from beat to beat. Thus the intervals between successive beats in a subject with a pulse rate of 60/min might vary between 0.7 and 1.3 seconds. This regular variation associated with respiratory movements. The rate quickens during inspiration and slows during expiration; this is called sinus arrhythmia and is particularly noticeable in younger subjects.


Since examination of the pulse provides valuable information as to the state of the circulatory system and the general condition of the patient, the conditions under which the pulse rate is determined, must be recorded: whether it was under basal conditions – early in the morning, before the patient has taken any meals or gets up out of the bed – or during the day time. 

Objective. To examine the arterial pulse in human.

Characteristics of pulse:
1. Pulse rate. In normal conditions varies from 60 to 90 per minute. Pulse rate above 90/min is called tachycardia and  below 60/min – bradycardya. 

Physiological tachycardia is seen in: 

1. Emotional stress, nervousness (e.g. at the time of an interview); 

2. In new-borns,  the rate may be from 120/min to 150 /min; 

3. The rate is comparatively high in females;

4. Diurnal variations: comparatively higher rates are seen  in the late evening (above 100/min); 

5. Muscular exercise. 

Pathological tachycardia is seen in: 

1. Fever due to any case (the raised temperature acts directly on the SA node); 

2. Atrial flutter and fibrillation;

3. Thyrotoxicosis;

4. In haemorrhagic shock the pulse is fast and weak (“thready pulse”). 

Physiological bradycardia is present in: 

Athletes. The resulting pulse rate may be between 50-55/min and is due to increase to vagal tone. 

During deep sleep and meditation.

Pathological bradycardia is seen in:

1. Myxedema.

2. Heart block: in complete heart block the ventricular rate may be around 40 per minute. 

3. General weakness and debility following prolonged illness. 

2. Rhythm. If the beats follow at regular intervals, the rhythm is regular. If the rhythm is irregular, try to assess the nature of this irregularity – due to the extrasystole or partial heart block, or atrial flutter and fibrillation. 

3. Character and form: though the character of the pulse wave can be studied at the radial artery, a better method is to palpate the carotid artery.  Place your thumb on the level of thyroid cartilage and press backwards at the medial border of the sternomastoid muscle. Usually it is possible to detect the waves of the normal pulse by palpation alone. In certain diseases some abnormality can be detected. 

(a) Corrigan or collapsing pulse (“water-hammer”). The pulse wave tises and collapses rapidly. This is seen in aortic regurgitation, when the leak from arterial system ( for example, arteriovenous fistula) is occurred.  It is best appreciated when the patient’s arm is elevated.

(b) Anacrotic pulse. The pulse wave has a slow upstroke,  and is usually of small volume. This type is seen in aortic stenosis. 

(c) Alternate pulse. Ventricular beats are, alternately, strong and weak. It indicates severe  damage to the myocardium. 

4. Volume. Estimate, by gentle palpation, the amplitude of the movement or expansion of the artery during passage of pulse wave. The volume depends upon the pulse pressure. The pulse pressure depends upon the stroke volume and compliance or expansibility of the arteries. Thus, if the vessel wall is normal, the pulse wave gives information about stroke volume. In older persons the vessels are more rigid (less compliant), so the pulse pressure is widened for the same stroke volume. The pulse volume may be small, medium or large. 
5. Condition of the vessel wall. Put enough pressure on the brachial artery with a thumb to abolish the pulsation in the radial artery and then try  to roll the empty artery against to underlying bone. In young subjects the vessel wall cannot be felt or is very soft. It is more easily palpable in older persons. In arteriosclerosis it is felt as a thick, hard cord. Another way  to determine the condition of the vessel wall is to empty out the vessel by pressing hard on it with the proximal finger (the finger towards the heart) and palpating and trying to roll the vessel against the bone by other two fingers.

The typical arterial pulse of a normal adult subject should be described in the following terms: the rate is about 75/min, the beats are regular in rhythm, normal in character and volume. The vessel wall is not palpable.

Note. The thumb is not used for palpating the pulse, because the pulse in thumb of many observers is sufficiently strong to be confused with the pulse of the subject. (You can test this in your own case by slightly pressing your thumb in various positions against the surface of a table).

Procedure:
1. Ask the patient to be seated comfortably and fully relaxed, with eyes closed. 

2. Note the presence of the main arterial pulses: the common carotid, radial, femoral, posterior tibial and dorsalis pedis (it is important in peripheral vascular disease) by palpating these vessels on both sides. 

3. Examine the radial pulse at the wrist with tips of the first three fingers (index finger towards the heart), keeping the patient’s forearm pronated and wrist slightly flexed. 

4. Note the rate, rhythm, volume, character and condition of the vessel wall. 

5. Count the number of beats for one minute. Make two more determinations at intervals of 5 minutes each and record the three values in your notebook. 


Observations, Figures and Conclusion

Describe the arterial pulse in the way mentioned in “Background” section.
4.10. Recording the arterial pulse curve. 
Analysis of sphygmogramm

Background. There are 2 phases at the peripheral artery pulse curve - ascending and descending. The first phase is called anacrotic and related with systole of the heart. The second phase is called catacrotic and related with diastole (fig. 29). The upstroke of the arterial pulse tracing is due to the expansion of the artery and descending part is due to its retraction. The catacrotic phase has a notch following by dicrotic elevation. The notch  marks the end of ventricular systole, and dicrotic elevation is due to the rebound of blood column from the closed aortic valve. 
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Fig.29. Arterial pulse curve: 1 – anacrotic phase, 2- catacrotic phase, 3- notch, 4 – dicrotic elevation.

Sphygmograph is a device for recording the peripheral arterial pulse wave  by method of photoelectro- plethyzmography. This Apparatus consist of: power supply unit, amplifier, the lamp - indicator of pulse wave, sensor for pulse wave registration, recorder. The sensor of pulse wave consists of the source of light and small photo detector (e.i. photo element). The changing of the vessel open space due to the increasing or decreasing blood flow leads to changing the optical properties of the blood. This change is detected by photo element, sensitive to the red and infrared areas of spectrum. Then the electrical signal arises in the sensor, which pass to the recorder.

Objectives. To record and analyze the sphygmogramm.

Requirements. Sphygmograph.

Procedure: 

1) Put the sensor on the subject thumb by elastic band.  

2) Register the sphygmogram.

Observations, Figures and Conclusion

4.11. The effect of some factors (temperature, electrolytes, 
hormones, mediators) on frog's heart
Objectives. To obtain and investigate the effects of some factors on the frog's heart activity.
Procedure:
1. Expose the frog's heart as describe on exercise 4.1.  

2. Tie up both arches of aorta; do not cutting off ligature (because it is convenient to hold).

3.  Pass ligature below place of bandaging of the left arch of aorta and do a small loop. Then make an incision in the left arch of aorta with thin scissors.  Advance the end of cannula by Shtraub into ventricle through an aperture with a probe.

4. Tighten a loop that was imposed on the left arch of aorta, strengthen heart on cannula. After that quickly fill cannula with solution by Ringer. Raise cannula together with heart, cut both arches of aorta and then make the second cut below vena cava, cut out heart from frog’s body, do not damaging venous sinus.

5. Cannula with isolated heart is connected to vessel Mariot (in which there is solution by Ringer of room temperature) using rubber tubule.
6. Perfuse heart with solution of Ringer. Count initial frequency of heart contraction for a minute, then examine the influence on isolated heart cold (t = 8-10 °) and warm (t = 36-37 °) solutions by Ringer, excess of potassium and calcium ions, adrenaline and acetylcholine. Achieve recovery of frequency of heart contraction each time after action of given factors.

Registration of results. Summarize in a table 13 of experimental results.
Table 13.
	Factors
	Effects of influence on cardiac muscle
	Conclusions

	Warm solution by Ringer
	
	

	Cold solution by Ringer
	
	

	Excess calcium ions
	
	

	Excess of potassium ions
	
	

	Adrenaline
	
	

	Acetylcholine
	
	


Observations, Figures and Conclusion

The control questions on the physiology of cardi-vascular system
1. Structure of the heart. 

2. The cardiac cycle. Pressure changes during the cardiac cycle.

3.  Function of the atrioventricular and semilunar valves. Heart sounds. 

4.  Physiology of cardiac muscle. Action potentials of nonpacemaker cells and pacemaker cells. Pacemaker potential. Refractory period of cardiac muscle. 

5. Conducting tissues of the heart. Conduction of the impulse. 

6. Contraction of cardiac muscle. The Frank-Starling law of the heart. 

7. The electrocardiogram. Characteristics of the normal electrocardiogram. The standart electrocardiograph leads. Chest leads and augmented unipolar limb leads. The voltages of the waves and the intervals. Abnormal rhythms of the heart (ectopic foci, heart block, flutter and fibrillation).

8. Regulation of cardiac function. Control of the heart by autonomic nerves. 

9. The cardiac control center. Reflex control of the heart (role of arterial baroreceptors and carotid  and aortic chemoreceptors). 

10. Effect of hormones and various ions on heart function. 

11. Regulation of coronary blood flow.

12. The functional classification of the blood vessels.

13.  Quantities of blood in the different parts of the circulation. 

14. The mean of arterial pressure. Clinical methods for measuring systolic and diastolic pressure. 

15. Relationship of arterial pressure to cardiac output and total peripheral resistance.

16.  Respiratory and vasomotor waves in the arterial pressure.

17. Pressure pulses in the arteries. Recording of the pressure pulse curve. Factors that affect the pulse pressure.  

18. The veins and their functions. Venous pressure. Pressure pulses in the veins.

19. The arterioles and capillaries.  Structure and function of the capillary system. Structure of the capillary wall. Exchange of fluid between capillaries and tissues. Processes of filtration and reabsorption in capillaries.

20. Regulation of arterial pressure and cardiac output. 

21. Local control of blood pressure. 

22. Neural  and reflex  regulation of the circulation. 

23. Physiological role of the peripheral baroreceptor and chemoreceptor in cardiovascular control.

24.  The vasomotor center. Humoral regulation of the curculation. 

5. the respiratory system

5.1. Lung volumes and capacities. Spirography
Background. The maximal volume of all the airways in an adult is typically 5 to 6 liters. This volume includes those of the nasopharynx, the trachea, and all airways down to the alveolar sacs. The amount of air entering and leaving the lungs with each breath is the tidal volume (VT). During quiet respirations, the VT is approximately 500 ml. The product of tidal volume and the rate of breathing is total ventilation, given in liters per minute. At the end of a quiet inspiration, the additional volume of the air that the subject could inhale with a maximal effort is known as the inspiratory reserve volume (IRV). After a quiet expiration, the additional volume of the air that one can expire with a maximal effort is the expiratory reserve volume (ERV). Vital capacity (VC) is the sum of IRV, TV, and ERV. Even after a maximal expiratory effort, a considerable amount of air remains inside the lungs. This amount of air is called the residual volume (RV). RV can be calculated as 30% of VC. Total lung capacity (TLC) is the sum of all four volumes. Functional residual capacity (FRC) is the sum of ERV and RV, and is the amount of air remaining inside the respiratory system after a quiet expiration (tab.14).

Table 14
Lung volumes and capacities
	Volume and capacities:
	Typical ranges (liters)

	IRV = Inspiratory reserve volume
	2.5-3.0

	TV = Tidal volume
	0.35-0.5

	ERV = Expiratory reserve volume
	1.1-1.5

	RV = Residual volume
	1.5-1.9

	TLC = Total lung capacity
	1.9-6.4

	FRC = Functional residual capacity
	2.6-3.4

	VC = Vital capacity
	4.0-6.0 (male); 3.0-4.5 (female)

	Minute ventilation
	6.0-10.0

	Rate of breathing
	16-20/min


The muscles of respiration. The two muscle groups that produce a quiet inspiration are called the primary muscles of inspiration, and include the diaphragm and external intercostals muscles. During a forced inspiration, the accessory (or secondary) muscles of inspiration also come into play: scalenes, sternocleidomastoids, neck and back muscles. Relaxing the muscles of inspiration produces a quiet expiration. During a quiet inspiration, normal lungs and airways store enough energy in their elastic recoil to fuel a quiet expiration, just as stretching a rubber band stores enough energy to fuel the return to initial length. Thus, a quiet expiration is normally passive, accomplished simply by relaxing the muscles of inspiration A corollary to this rule is that there are no primary muscles of expiration so the expiration is entirely passive. The forced expiration is driven by the accessory muscles of expiration: abdominal muscles (internal and external oblique, rectoabdominal and transverse abdominal muscles), internal intercostals, neck and back muscles. 

[image: image25.jpg]Lung volume (ml)

6000

5000
Inspiratory
reserve
4000 volume
Tidal
3000 volume
2000 Expiratory
reserve volume
1000

Inspiratory| | Vital Total lung
capacity capacity

Functional
residual
capacity

_ Expiration

Time




Fig. 29. Lung volumes and capacities.
Objectives. To record the changes in lung volume during quiet and maximal effort respirations.

Procedure: 

1. The spirograph must be turned on. Mouth-piece and the nose-clip must be sterilized

2. The volunteer should sit in a relaxed position.

3. The subject take the mouth-piece in his mouse and put on the nose-clip.

4. Ask the volunteer to breath quietly and record tidal lung volume.

5. Than ask him to do the maximal inspiratory and expiratory effort and record inspiratory and expiratory reserve volumes.

6. 
At the end of the spirographic record, the subject can make a maximal inspiratory effort and then exhale as rapidly and completely as possible. The volume of air exhaled in one second under these conditions is the forced-expiratory volume in one second (FEV). In healthy young adults, FEV is about 80% of VC. 

Observations, Figures and Conclusion

Calculate the value of lung volumes and capacities. Pay attention that one point on vertical channel of the recording paper is equal to 200 ml of air and one point on horizontal line is corresponding to 12 sec (5 points is equal to 1 min). Enter the results of calculations in your experimental report.

5.2. Oxyhemometry
Background. The different colors of venous and arterial blood reflect the difference in light absorbance between oxygenated and deoxygenated Hb. The pulse oximeter has a probe that one attaches to the ear, finger, or any part of the body at which pulsating blood vessels are accessible externally. The oxyhemometer measures O2 saturation in arterial blood.

The oxygen content of the blood decreases much more slowly because of the large "reservoir" of oxygen attached to Hb. During hyperventilalion. conversely, blood CO2 concentration quickly falls and pH rises because of the excessive elimination of carbonic acid. The O2 content of blood, on the other hand, is not significantly increased by hyperventilation (Hb in arterial blood is 97% saturated with oxygen during normal ventilation).Health professionals widely employ pulse oximetry in hospitalized patients, particularly those in intensive care units, where continuous monitoring of O2 saturation is critical. Pulse oximetry has also become popular as an outpatient tool for assessing the presence of hypoxemia during sleep, and thus screening for the condition called sleep apnea. The latter is a common disorder associated with severe and excessive snoring, poor and interrupted sleep, daytime somnolence, and behavioral changes, possibly leading ultimately to hypertension and cardiac arrhythmias. Because of the insidious nature of hypoxia, pilots of light aircraft have begun to use pulse oximeters to detect developing hypoxia at high altitudes.
Objective. To compare the content of oxygenated Hb in blood in normal state with the content of oxygenated Hb during voluntary hypo-ventilation.
Requirements. Oxyhemometer. 
Warning! This experiment should not be performed by anyone with a history of cardiovascular or respiratory problems.
Procedure:
1. Turn on the oxyhemometer

2. The volunteer should sit in relaxed position.

3. Ask him to put an ear-clip on and to wait for a ten minuts.

4. After the stabilization of the value of zero adjustment ask the student to hold his breath as long as he can (after quiet inhalation).

5. After this the student may recover his normal breathing cycle.

6. Analysis. One can see the reduction of the content of oxygenated hemoglobin in blood during holding the breathing.

Try to estimate the percent of oxygenated hemoglobin on the peak of the holding the breathing.

Compare your result with results of other students.

Observations, Figures and Conclusion

5.3. Measuring the CO2 concentration in expired air

Background. Concentrations of oxygen and carbon dioxide in inspired, expired and alveolar air are different. The content of CO2 in expired air can be measured by the Gas Analyzer AYX.

Table 15
Gas contents in inspired, alveolar and expired air.

	
	Inspired air (%)
	Alveolar air (%)
	Expired air (%)

	O2
	20,93
	14,0
	16,0

	CO2
	0,03
	5,5
	4,5


Objective. To measure the content of CO2 in expired air.

Procedure:
1. The subject take the mouth-piece in his mouse and put on the nose-clip.

2. Ask the volunteer to breath quietly and fill the elastic suck up with expired air. When the sack will be filled up connect the sack with the Gas Analyzer AYX.

3. Measure the content of CO2 in expired air.

Observations, Figures and Conclusion
Write the results of your measurement in your notebook. Compare your result with normal values and the results of other students of both sex.

5.4. Pneumography

Background. Pneumography is registration of the respiratory movements. It allows to determine the frequency and depth of respiration, as well as to determine the ratio of duration of inhalation and exhalation. In adults the frequency of respiratory movements is amount 12-18 per minute, children have more rapid breathing. Both the frequency and depth of respiration change during muscular work. Change the  frequency and depth of respiration is observed during swallowing, conversation, after delay the breathing etc. 

Pneumography may be realized from different methods. Pneumosensor with capsule by Mare is the most simple and available method for registration of the respiratory movements. Strain gage transducer, rheostatatic and induction sensors may be used for pneumography, but these methods need in use electronic intensive and registering apparatus. 
Requirements.  Cymograph, cuff from sphygmomanometer, capsule by Mare, tripod, T-joint, rubber tubing, time controller, liquid ammonia. 


Subject of investigation: man.
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Fig. 30. Pneumography: А- graphic registration of  respiration by means of capsule by Mare; 1- wide cuff, 2 - rubber tube, 3- capsule by Mare, 4- cymograph, 5- time marker, 6- T-joint, 7- universal tripod.

Carrying out of exercise. Assemble the apparatus for registration respiratory movements as demonstrated in figure 1. Cuff from sphygmomanometer must be fixed on the chest of person. Then join the cuff from sphygmomanometer with capsule by means of T-joint and rubber tubing.  Bring in registering apparatus a small quantity of air through the T-joint. Engage cymograph and time controller. 
Procedure: Record the respiration:

1. at rest condition (quiet breathing); 

2. at maximum inhalation and at maximum exhalation (lung vital capacity); 

3. during the conversation; 

4. at swallowing;

5. at inhalation ammonia (cotton wool which is wetted with ammonia  is carried to the nose of person;

6. after voluntary delay of respiration;

7. after hyperventilation of lungs;

8. during muscles exercise

Registration of results.. Draw the curve of pneumgrams into your copy-book. Determine the phase when swallowing and speech are realized. Compare nature of respiration changes with during influence   from different factors.
For example: а- quiet breathing, b- at inhalation ammonia, c- during conversation, d- after hyperventilation, e- after voluntary delay the breathing, f- during physical exercises;  (mark of  influence which was used).

Observations, Figures and Conclusion

The control questions on the physiology of respiratory system

1. Organization of the respiratory system in human. The processes involved in external respiration. 

2. The mechanism of inspiration  and expiration. The muscles of inspiration (primary and accessory muscles). The accessory muscles of expiration.

3.  Intrapleural space, it`s importance. Intrapleural pressure. Pneumothorax. 

4. Lung volumes.

5. The exchange of O2  and CO2  between the atmosphere and the blood, the blood and the tissue. Partial pressure of O2  and CO2. Transport of O2  and CO2 . 

6. Control of ventilation. Automatic respiratory center. Peripheral and central chemoreceptors. 

7. Streth and chemical/irritant  receptors. Chemical control of ventilation.

8.  Higher brain centers coordinate ventilation. 

6. the GASTROINTESTINAL SYSTEM

6.1. Electromasticatiography

Background. Mechanical disruption of ingested food begins in the mouth with chewing (mastication). The mechanical processes that alter food composition to facilitate absorption continue in the stomach, both to initiate protein and lipid enzymatic digestion. This change in the size and consistency of gastric contents is necessary because solids that are greater than 2 mm in diameter do not pas through the pylorus.

Objective. To explore the electrical activity of mastication muscles. In this laboratory class you will record electromasticatiograms from a volunteer and examine the effects of mastication of newly-baked bread  and cracker.

Requirement. Power Lab mini-laboratory, the Bio Amp cable (using three leads), three recording electrodes, newly-baked bread  and cracker

Procedure:
1. The PowerLab should already be connected up to your computer and turned on. 

2. Plug the Bio Amp cable into the Bio Amp socket on the PowerLab unit.Connect the leads of three EMG recording electrodes to Earth, CH1 negative, and CH1 positive, on the Bio Amp cable. Squeeze some electrode cream (equivalent to about two drops) into the concave (hollow) side of each of the EMG electrodes.

3. Place three EMG recording electrodes as shown on the Fig..

4. The volunteer should sit in a relaxed position.

5. Open the file “Electromasticatiography”.Click the Start button in the Chart window to start Chart recording.

6. Ask the volunteer to chew the newly-baked bread and record the electromasticatiogram. 

7. Then ask him to chew the cracker and repeat the recording once more.

8. Examine the chewing movements while volunteer chew newly-baked bread.

9. Compare this chewing movements with the chewing movements while volunteer chew cracker.

Observations, Figures and Conclusion
Mark the main periods of the recording: the rest phase, phase of preliminary chewing, phase of the main chewing, formation of the bolus. Draw them in manual. 

6.2. Influence of a saliva on starch
Background. Saliva contains chiefly salivary  amylase  or ptyalin and traces of maltase. Salivary amylase (α-type) whose origin in the saliva, acts on starch (which is mostly amylopectin type) and contains straight chains held by l,4'-a-glucosidic linkages and branch chains whose branch points are l,6'-a-glucosidic linkages. Maltase acts on maltose.
Salivary amylase (ptyalin) acts on boiled starch only. It cannot penetrate the intact cellulose covering of the unboiled starch particle. Optimum reaction is slightly acid (pH 6,5), but it can also act in neutral or slightly alkaline medium. Strong acid (such as HC1 of gastric juice) destroys ptyalin. Optimum tempera​ture is about 45°C. At 60°C it is destroyed. Ptyalin digests starch up to the maltose stage only.
Procedure: Experience spend under the following scheme. Collect saliva in test tubes, preliminary to rinse a mouth pure water. 
Take 5 test tubes.

1 test tube – 2ml of a saliva + 1 ml of boiled starch (paste)

2 test tube - 2 ml of a saliva + crude starch

3 test tube - 2 ml of a saliva (to boil above a spirit-lamp) + 1 ml of boiled starch

4 test tube - 2 ml of a saliva + 1 ml of boiled starch 

5 test tube - 2 ml of a saliva of a dog + 1 ml of boiled starch

1,2,3,5 test tubes to put in a water bath with temperature 38-40 С for 30 minutes.; 4 test tube to put in a glass with an ice.

In 30 minutes take out a test tube and add a solution of iodine (do reaction to starch).  The color of solution becomes dark blue if there is a starch in solution.

Observations and Conclusion
Enter the results of the experiment in the table 16.    

                                    Table 16
	№№ tube
	Contents of test tubes
	Reaction with iodine

	1
	2ml of a saliva + 1 ml of boiled starch
	

	2
	2 ml of a saliva + crude starch
	

	3
	2 ml of a saliva (to boil above a spirit-lamp)+ 1 ml of boiled starch
	

	4
	2 ml of a saliva + 1 ml of boiled starch

(  to put in a glass with an ice)
	

	5
	2 ml of a saliva of a dog + 1 ml of boiled starch
	


6.3. Influence of a gastric juice on milk
Background. The chief protein of milk is casein, a complex phosphoprotein. The enzyme rennin which causes clotting of milk. It liberates paracasein from casein which is precipitated as calcium paracaseinate. Although rennin is absent in human stomach, but chymosin is present in infant's stomach which does the same action of rennin of ruminants. Chymosin is distinct from pepsin and absent in adults. Other proteases present in the stomach can convert casein to paracasein. Tryptic and chymotryptic digestions convert it to phosphopeptones containing phosphoserine.
Digestion of milk. Three constituents of milk require digestion: (1) Protein—(a) Caseinogen— Its digestion has been described above. (b) Lactalbumin and Lactglobulin—They are digested in the same way as proteins—successively by pepsin, trypsin and erepsin. (2) Fats—They undergo the same process of digestion as other fats. (3) Lactose—digested by lactase to glucose and galactose.
Procedure: Experience is carried out the following scheme: take 3 test tubes.

1. In the first test tube pour 2 ml of a gastric juice and 2 ml of milk

2. In the second test tube pour 2 ml of the gastric juice preliminary boiled above a spirit-lamp, after add 2 ml of milk.

3. In the third test tube pour 2 ml of a gastric juice neutralized by СаСО3, after add 2 ml of milk.

4. Test tubes place all in a water bath at temperature 40о С for 15 minutes.

5. Take out test tubes and mark presence of effect clotting of milk under action of a gastric juice. 

6. Write down the results of experience. Note under what conditions of environment the given process are going on.

Observations and Conclusion
6.4. The role of the bile in digestion

Background. The most abundant substance secreted in the bile is the bile salts, but there are also bilirubin, cholesterol, lecithin and the usual electrolytes of plasma, secreted or excreted in large concentrations. In the concentrating process in the gallbladder, water and large portions of the electrolytes are reabsorbed by the gallbladder mucosa, but essentially all the other constituents, including especially the bile salts and lipid substances cholesterol and lecithin, are not reabsorbed and therefore become highly concentrated in the gallbladder bile.  

Bile contains no digestive enzyme but it is very important for digestion because of the presents of bile salts which 1) have a detergent action on the fat particles in the food and in other words help to emulsify fat globules so that they can be digested by the intestinal lipases, 2) increases the activity of the intestinal lipase and other proteolytic enzymes, and 3) help in the absorption of fatty acids, monoglycerides, cholesterol, and other lipids from intestinal tract. Bile is secreted continually by the liver and than the bile is stored in the gallbladder until it is needed in the gut. The gallbladder then empties the bile into the intestine in response to cholecystokinin.
Objective. To investigate the emulsifying or detergent function of bile and to observe the influence of bile on the filtration of the oil.
Requirement. Four test-glasses, three glasses funnels, three paper filters, bile, vegetable oil, water.
Procedure:

1. Moisten thoroughly one of the paper filter with a bile, another – with a water and the third – with bile and water.

2. Put both paper filters on the glasses funnels.

3. Add some vegetable oil on the paper filters and study it filtration.

4. Put 5ml of bile on the third test-glass and add 1ml of water and some vegetable oil.

5. Shake the test-glass in order to formation of stable emulsion.

Observations and Conclusion
Enter the results of the experiment in the table 17.
Table 17
	The influence on the oil
	The results of the experiment (min)

	
	1
	2
	3

	The bile
	
	
	

	The water
	
	
	

	The bile + the water  
	
	
	


6.5. The qualitative reaction on presence of bile pigments 
and bile salts. Reaction of the bile salts
Background. The bile consists taurocholic acid and glycocholic acids.
Procedure:

1. Put 0.5 ml of bile and add 5-6 drops 10% solution of sugar and very carefully add 2 ml of H2SO4.

2. Cool the mixture. 

The mixture has positive reaction when the color of it becomes red. 

Observations and Conclusion
6.6. Gmelin’s reaction of the bile pigments (Gmelin’s test)
Background. The bile pigments are porphyrin compounds and constitute about 15-20% of the total solids of the liver bile. They can be detected by Gmelin’s test.

Procedure:

1. Put 1 ml of nitric acid in the first test-tube.
2. Put some bile into the second test-tube.
3. Add carefully bile to acid.
Observations and Conclusion
The mixture has positive reaction when appear rings of different colours, which show different degree of oxidation of bilirubin. 

The control questions on the physiology of gastrointestinal system
1. Function of digestive system: motility, secretion, digestion, absorption, storage, elimination. 

2. Layers of the gastrointestinal tract: mucosa, submucosa, muscularis, serosa. 

3. Mouth.  Secretion of saliva. 

4. Mastication. Deglutition. Swallowing center. 

5. Esophagus. Peristalsis in  esophagus. Lower esophageal sphincter.

6. Stomach. Primary regions and structures of the stomach. 

7. Motor function of the stomach. 

8. Gastric glands. Gastric juice. Pepsin and hydrochloric acid secretion. The activation of pepsin.

9. Digestion and absorption in the stomach.

10.  Regulation of gastric secretion by nervous and hormonal mechanisms.

11. Pancreas. Pancreatic secretion. Regulation of pancreatic secretion. 

12. Liver. Structure of the liver. Hepatic portal system. Liver lobules. 

13. Secretion of bile by the liver.  Enterohepatic circulation. 

14. Small intestine. The regions of the small intestine. The structure of an intestinal villus and microvillus. Secretion of the small intestine (mucus and intestinal digestive juices). Regulation of small intestinal secretion.

15. Intestinal contractions and motility. Peristalsis, segmentation. Slow waves. Function of small intestine.

16. Large intestine. The different regions of the large intestine:cecum, ascending colon, transverse colon, descending colon, sigmoid colon, rectum, anal canal. Intestinal microflora. 

17. Function of large intestine. The act of defecation.

18. Digestion of carbohydrates, fats and proteins in gastrointestinal tract. Anatomical basis and basic mechanisms of absorption. 

19. Fluid and electrolyte absorption in the intestine. 

20. Regulation of the gastrointestinal tract. Autonomic nervous system, enteric nervous system, paracrine regulation, hormonal regulation.

7. THE URINARY SYSTEM
7.1. The measurement of pH of a urine sample

Negative logarithm of hydrogen ions (H+) concentration is known as pH. A neutral solution like water has a pH of 7.0. Any level below 7 shows acidity and level above 7 indicates alkalinity. Normal pH of blood ranges between 7.35 to 7.45, a slightly alkaline. Use of electrodes to measure pH is one of the simplest methods used in the laboratory.

Requirement.
pH meter containing electrodes, battery and buffer solutions, urine.              
Procedure:

1. Immerse the electrode in the urine sample.

2. Switch on the electric supply from AC adaptor if battery is not used.
3. Measure the temperature of the urine with mercury thermometer.
4. Adjust the rocker switch to the "pH" position.
5. Read the pH of the urine from display screen (LCD).
6. Deprive yourself from water intake for 12 hours. Collect urine and check any change in the pH of the urine (Water Deprivation Test).
7. Take one litre of water and wait for 45 minutes. Collect urine and check any change in pH of the urine (Water Load Test).
Observations and Conclusion
pH of urine =

Precautions.  Rinse the electrode with distilled or deionised water to be measured before use.

The control questions on the physiology of urinary system
1. Structure of the urinary system.

2. Structure and function of the kidneys. Renal blood vessels. 

3. Juxtamedullary nephrons and cortical nephrons. 

4. Nephron tubules (glomerular Bowman`s capsule, proximal convoluted tubule, loop of Henle, distal convoluted tubule, collecting duct). 

5. Glomerular ultrafiltration.  Regulation of glomerular filtration rate. Sympathetic nerve effects. Renal autoregulation. 

6. Micturition reflex.

7. Reabsorption in the proximal tubule. Active and passive transport. Significance of proximal tubule reabsorption. 

8. Ascending limb of the loop of Henle. Descending limb of the loop of Henle. The countercurrent multiplier system. Vasa recta. 

9.  Tubular secretion of Drugs. Renal plasma clearance.

10.  Renal Clearance of inulin, urea, PAH. 

11. Reabsorbtion of glucose. Glucosuria. 

12. Role of aldosterone in Na+/K+  balance. Sodium reabsorption. 

13. Potassium secretion. Control of aldosterone secretion. 

14. Juxtaglomerular apparatus. Regulation of renin secretion. Role of the macula densa. 

15. Atrial natriuretic peptide. 

16. Renal acid-base regulation. Reabsorption of bicarbonate in the proximal tubule.

17.  Urinary buffers. Use of diuretics.

8. THE METABOLISM and nutrition

8.1. Calculation of basal metabolic rate (BMR) by tables

Background. The energy expenditures of the body has three components:

1. Basal metabolic rate (BMR) is the energy expenditures of a relaxed, resting person who is at neutral ambient temperature (about 280 C) and who not eaten in 8 to 12 hours. This comprises the majority  (about 60%) of the total calorie expenditure in the average adult. 

2. Adaptive thermogenesis is the heat energy expended in response to: a) changes in ambient temperature and b) the digestion and absorption of food. This comprises about 10% of the total calorie expenditures, although this contribution can changes in response to cold and diet. 

3. Physical activity raises the metabolic rate and energy expenditure of skeletal muscle. This contribution to the total calorie expenditures is highly variable, depending on the type and intensity of the physical activity. 

Basal metabolism of our body results in the heat production (for example, during contraction of the skeletal muscle and digestion) and therefore can be expressed in calories. The average basal metabolic rate (for man of 70 kg weight and average age) is equal approximately 1700 kilocalories. 

Objective. To calculate the basal metabolic rate, 

Requirements. Scales, auxanometer, standard tables of  basal metabolic rates. 

Procedure:
1. Measure your weight in kilograms using scales.

2. Measure you height using auxanometer.

3. Found in the table of basal metabolic rate the value A near you weight.

4. Then found the value B in crossing of the your age and height.

5. Add the A and B values and obtain your own value of BMR.

Observations, Figures and Conclusion
8.2. Calculation of the basal metabolism deviation

Background. It is known, that in normal rest conditions about 9-10% of energy is expended to the heart functioning. Hence a direct relation is exist between parameters of cardio-vascular system activity (heart rate and blood pressure) and total energy expenditure of an organism. This relation was investigated by Reed, whose formula allows to estimate the percentage of deviation of your basal metabolism from normal level. This deviation can not to exceed the 10%. 

The Reed’s formula: 

PD = 0,75 x (PR + PP x 0,74) – 72, where

PD – the percentage of deviation of the normal level, 

PR – the pulse rate,

PP – the pulse pressure.

Requirements. Phonendoscope, sphygmomanometer.
Procedure: 

1. Measure your own pulse rate.

2. Measure your own blood pressure by tonometer. 

3. Bring up this data to Reed’s formula and calculate the percentage of basal metabolism deviation. 

Observations, Figures and Conclusion
8.3. Establish a correspondence of the probationer's BMR with normative BMR by nomogram of Rid
Background. The intensity of the metabolic processes which are proceeding in the organism is accompanied with some changes in the internal organs activity, in case, from the heart-vascular system side. If you know a pulse frequency and the AD value of the probationer, you can identify a divergation of the main exchange from norma by the Ryad’s formula or nomogramm 

Objective. Identify a propbationer’s pulse, measure AD – systolic and AD – diastolic with a condition maintanace, which are necessary for the identification of the main exchange: laying position, on an empty stomach, physical and psychical rest condition, comfortable temperature. Count a pulse pressure (PP = ADsystolic – Addiastolic).

Requirements. Tonometer, medical couch, Ryad’s nomogramm.
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Fig. 31. Reed`s nomogramma.

Compare pulse frequency meaning with a pulse pressure meaning on the Reed’s nomogramma.

For that find the conforming meaning of the pulse on the left scale and the puls pressure on the right scale and connect them with a ruller. The crossing point with a middle line shows the main exchange divergence value from normal in procents. Divergence till 10% - is normal.

Observations and Conclusion
1. Collate the results, which you gained by the first and second way.
2. Count the divergation procent.

3. Make a conclusion about the accordance of your real mail exchange to the normal.

8.4. Calculation of body weight index

Background. The body overweignt is significant risk factor for health. The widely accepted method to determine the deviation of body weight from normal level is calculation of body weight  index (BWI) by following formula: 

          W

BWI = ---------
   H2
where W - weight in kilogram, H – height in meters

BWI: 18 and lower – lack of weight

19-24: normal

25-29: excess weight

30-34: obesity

35 and higher: morbid obesity

Observations, Figures and Conclusion
8.5. Composition of the daily food allowance

Background. The purpose of the ingested food is to provide energy for various body function. The energy obtained by oxidation of foodstuff depends on the type of material being utilized. The units of heat are kilocalories (kcal). The values for the energy obtained from the complete combustion of various materials are: carbohydrates – 4,1 Kcal per g; fats – 9,3 kcal per g;  proteins – 4,1 kcal per g. 

Energetic value of food allowance must fit the energetic expenditures of organisms. Note that comprehensibility of food is about 90%, thus energetic value of food allowance must be 10% higher than energetic expenditures. Expenditures can be calculated as a sum of BMR and work addition. Work addition depends on the characteristics of working activity. 

Procedure:  

1. Estimate the calorie content of your food allowance per  anyone day by use of a table.  

2. Put down the obtained data in the following table 18.
Observations, Figures and Conclusion

Table 18
	Dishes
	Food

amount
	Content (g)
	Caloric content (kcal)

	
	
	Protein
	Fat
	Carbo-hydrate
	

	Breakfast

	Total
	
	
	
	
	

	Lunch

	Total
	
	
	
	
	

	Supper

	Total
	
	
	
	
	

	Total for day 


The control questions on physiology of metabolism 
and nutrition and the endocrine system
1. Energy balance. Positive energy balance, negative energy balance.

2. Basal metabolic rate. Energy storage (anabolism) and energy liberation (catabolism).

3. Energy equivalents of the carbohydrate, protein and lipid. Nutritional requirements. 

4. Regulation of food intake.

5. Regulation of body temperature. Body core temperature. Energy transfer from the body to environment.  

6. Active regulation of heat transfer. Skin thermoreceptors, hypothalamic thermoreceptors. 

7. Hyperthermia, hypothermia, and fever. Endogenous pyrogens.

8. The chemical nature of hormones. Synthesis, transport and receptor binding of the
9. hormons. Feedback control of hormone secretion. 

10. The hypothalamic-pituitary system. Hypothalamic and pituitary hormones. 

11. The adrenal gland. Functions of the adrenal cortex and the adrenal medulla (glucocorticoids, mineralocorticoids, cathecholamines). 

12. The thyroid gland. Synthesis of thyroid hormones. Action of thyroid hormones. The parathyroid glands and vitamin D. Regulation of calcium and phosphate balance.

13. Pancreas as endocrine gland. Function of insulin and glucagon. Homeostasis of blood glucose.

14. Endocrine regulation of reproduction. Male reproductive system. 

15. Female reproductive system. Menstrual cycle.  

9. higher nervous activity

9.1 One-sided destruction of cerebellum

Background. The cerebellum is necessary for motor leaning and for coordinating the movement of different joints during a movement. It is also required for the proper timing and force required for limb movements. Functions of the cerebellum:
Archicerebellum (Vestibulocerebellum)—control of whole body equilibrium and eye movement.
Paleocerebellum (Spinocerebellum)—synergy or symmetrical limb movements for postural and progressional purposes, which is control of rate, force, range, and direction of movement.
Neocerebellum (Pontocerebellum)—concerned with independent limb movement and skilled movements. Also learns motor programs for skilled movements.
Objectives. To observe changes in pose and movement of operated frog with one-sided destruction of cerebellum.

Requirements. A frog under anesthetic, small board with needles, thin scalpel, cotton tampons, basin with water.

Procedure:

1. Open the cranium.

2. Stop the bleeding with a help of cotton swab and look over the cerebrum of frog: cerebral cortex, thalamus, cerebellum (fig. 32)

3. Destroy one-side of the cerebellum with a help of a thin scalpel.

4. Wait for 5 minutes after the operation and than begin your observations.

5. Look at the distinctive pose of the operated frog: it turning the body towards the side of injury.

6. Note that the frog is doing specific circular movements when it jumping and swimming.
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Fig. 32. View from above on frog cerebral cortex, thalamus, and cerebellum.

Observations and Conclusion

9.2. Electroencephalography

Background. The cerebral cortex contains huge number of neurons. Activity of these neurons is to some extent synchronized in regular firing rhythms (`brain waves`). Electrodes placed in pairs on the scalp can pick up variations in electrical potential that derive from this underlying cortical activity. EEG signals are effected by the state of arousal of the cerebral cortex, and show characteristic changes in different stages of sleep. Electroencephalography is also used in the diagnosis of epilepsies and the diagnosis of brain death. 

EEG recording is technically difficult, mainly because of the small size of the voltage signals (typically 50 (V peak-to-peak). The signals are small because the recording electrodes are separated from the brain`s surface by the scalp, the skull, and a layer of cerebrospinal fluid.  

In clinical EEG, it is usual to record many channels of activity from electrodes placed in an array over the head. In this laboratory you will record single-channel EEG activity between a frontal electrode on the forehead, and an occipital electrode on the scalp at the back of the head. A third (ground or earth) electrode is also attached, to reduce electrical interference.

Objective. The aim of this session is to study the electrical activity of the brain. In this laboratory class you will record electroencephalograms from a volunteer and examine the effects of visual activity on alpha waves.

Requirements. Teaching mini-laboratory Powerlab, the Bio Amp cable (using three leads), three EEG recording electrodes, electrode cream, an abrasive pad, soft cloth band, folded if necessary to be 2-3 cm in width.

Procedure:

The volunteer will need a place to lie down on his or her back. The supine position reduces interference and results in better measurements.

1. Plug the Bio Amp cable into the Bio Amp socket on the PowerLab unit.

2. Connect the leads of three EEG/EMG recording electrodes to Earth, CH1 negative, and CH1 positive, on the Bio Amp cable. Squeeze some electrode cream (equivalent to about two drops) into the concave (hollow) side of each of the EEG/EMG electrodes.

3. Attach the frontal EEG/EMG electrode:

a) With a ballpoint pen, draw a small cross on the forehead of the volunteer, just below the hairline and about 5 cm to the right of the midline.

b) Lightly abrade the skin over the cross with an abrasive pad.

c) Place the electrode over the inked cross and fasten it to the surrounding skin with a 5-8 cm length of adhesive tape.

d) To prevent the electrode from being pulled of accidentally, use another piece of tape to attach the wire securely to the skin of the forehead.

4. Attach the earth EEG/EMG electrode to the forehead of the volunteer in the same manner as the frontal electrode, but on other side of the midline.
5. Attach the occipital EEG/EMG electrode.
6. Get the volunteer to lie or sit in a comfortable position with the head turned so that none of the electrodes is disturbed or compressed (fig. 33).
7. Ensure that the subject is relaxed, lying quietly, and has both eyes closed.

8. Choose the New command from the File menu: the New Document dialog box appears.

9. Click the Start button in the Chart window to start Chart recording.

10. After about ten seconds, ask the subject to open both eyes. 

11. Looking for alpha waves. You can recognize these by their amplitude (usually less than 50(V, although it can be quite variable from subject to subject) and their timing (fig. 34).

12. Make a comparison between alpha- and beta-waves those have low amplitude, high frequency and desynchronized rhythm.
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Fig. 33. The equipment setup for this experiment showing the placement of EEG electrodes on the head of the subject.
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Fig. 34. EEG waves: 1 - (-rhythm, 2 - (-rhythm, 3 - (-rhythm, 4 - (-rhythm.

Fill in the following table19.
Table 19
	EEG waveform
	Frequency
	Amplitude
	Physiological Characteristics

	Alpha


	
	
	

	Beta


	
	
	

	Theta


	
	
	

	Delta


	
	
	


Observations and Conclusion

9.3. The definition of volume of the human short-term memory

Background. Memory is the greatest function of human brain. The system of memory can be divided into two major categories: short-term memory (sensory memory and primary memory) and long-term memory (secondary memory and tertiary memory).
In this experiment we will define the volume of your short-term memory.

Procedure: Listen attentively to the line of number and write down it in your notebook after that. 

	N
	The amount of numbers in line

	1.
	
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	
	
	

	4.
	
	
	
	
	
	
	
	
	
	

	5.
	
	
	
	
	
	
	
	
	
	

	6.
	
	
	
	
	
	
	
	
	
	

	7.
	
	
	
	
	
	
	
	
	
	

	8.
	
	
	
	
	
	
	
	
	
	

	9.
	
	
	
	
	
	
	
	
	
	


For example, you wrote the third and the fourth line of number correctly but made some mistakes in the fifth line (another number, sequence and replacement of the number). Therefore the volume of your short-term memory is equal to the fourth line. Usually the volume of short-term memory fits with seven line. 

Observations and Conclusion

9.4. The influence of sensory input on the 
result of human activity

Background. In this experiment the teacher suggests 2 students to decide several arithmetical tasks in 2 different poses: 

1) sitting on the chair comfortably; 

2) standing on the left leg with stretching ahead both hands and raising up right leg. 

Other students record the decision time with stop-watch and check up the results of multiplication (tab. 20). 
Observations and Conclusion
 Table 20
	The pose
	Time of the task decision (sec)

	Sit down comfortably


	

	Stand up on the left leg


	


9.5. Determination of individual profile of functional asymmetry

Student makes the work by himself or in pare, closing before the right part of the table 21. 




                                       

Tests for motor asymmetry determination
Table  21
	1. Interlacing of fingers
	In right-handed persons the finger of the right hand is placed on top, in left-handed ones– the finger of the left hand.

	2. Crossing of hands “Napoleon’s position
	In right-handed persons the right hand is placed on top, in left-handed - the left one.

	3. Test of applauding
	In right-handed persons the right hand performs percussion movements, in left-handed – the left hand does.

	4. Test of winding  clock up
	
The leading hand performs winding, the passive one   fixes clock position.

	5. Simultaneous drawing  (without visual control) of the same figures (a circle, a square, a flower, a star) by the right and left hands
	The quality of the drawing performed by the leading hand is higher. The quality of lines and completeness of picture are estimated.

	6. Test of hit exactness (while eyes are closed) The paper target of 20x20 cm is placed on the table at a hand distance. The tested person makes 10 points with right and left hands aiming at the target center.
	The leading hand performs the test more exactly (declination is less than 10 cm).

	7. Dinamometry The force of each hand is measured three times. The average value is calculated.
	The leading hand exceeds the other hand by 2 kg. The difference of less than 2 kg is an index of hands’ equality. 

	8. To cross legs 4 times.
	The leading leg is on top.

	9. To compare the size of thumb’s nail bed of the right and left hands.
	The nail bed of the leading hand is bigger. The equality indicates “latent left-hander”.

	10. To measure the step length by the ruler, having previously marked 2 steps of each leg on the floor.
	The step of the leading leg is longer.



	11. Test of declination. The tested person makes 8 steps forward with closed eyes.
	The declination to the left indicates prevalence of the right leg and vice versa.


Coefficient of motor asymmetry is calculated in percents by formula:

Cr = [(Dr - Dl)/( Dr + Dl + Do)] • 100%
Cr- coefficient asymmetry of the right hand, 

Dr - number domination cases of right hand, 

Dl - number domination cases of left hand, 

Do - absent domination of any hand 

Coefficient asymmetry (Cr) may be positive in 100% and less in right-hander and negative in left-hander. If the coefficient asymmetry more than +15 – it seemed to be domination of right hand. If coefficient asymmetry less than -15 - it seemed to be domination of left  hand. If the figures situated between -15 and +15 - it is motor symmetry.

Registration of results. 

1. What are the leading hand and leg of the tested person?

2. What are the leading hand and leg of the group majority?

3. In what field of medicine and sport should the functional motor asymmetry be considered?

Observations and Conclusion

9.6. Tests for sensor asymmetry determination
Visual asymmetry

Table 22
	1. To ask the tested person to wink

	The leading eye usually stays open

	2. The tested person shows how he looks into the microscope 


	He uses the leader eye 

	3. The tested person holds in his hand a pen and compares it with vertical line in the distance of 3-5 m (the window or the door), then he closes his right and then left eyes


	When the leader eye is closed representation of the pen harsh displaces, when the not leader eye is closed the displacement is little.   


Acoustic asymmetry

Table 23
	1. The tested person shows how he usually uses the telephone   
	He holds on the telephone to the leader ear

	2. The tested person listening the watch by each ear very far from the ear  
	The distance from leader ear is longer


Registration of results. 

1. What are the leading eye and ear of the tested person?

2. In what field of medicine and sport should the functional sensor system be considered?

.

Observations and Conclusion

9.7. The Conditioned Wink Reflex

Background. The response to a stimulus that previously elicited little or no response, acquired by repeatedly pairing the stimulus with another stimulus that normally does produce the response is called a conditioned reflex. After the conditioned stimulus and unconditioned stimulus had been paired a sufficient number of times, the conditioned stimulus produced the response originally evoked only by the unconditioned stimulus. Moreover the conditioned stimulus had to precede the unconditioned stimulus.

In this experiment, the puffing of air to the eye is the unconditioned stimulus, the stimulus that normally produces a particular innate response. In this case the conditioned stimulus is the bell-ringing.

Objective. To form the conditioned wink reflex.

Requirements. The special frame with a curved tubule, the electric bell.

Procedure:

1. The volunteer should sit in a relaxed position and put on the special frame with a curved tubule for air supply in order to evoke the winking.

2. Ring the bell and make sure that the bell-ringing usually does not evoke the winking.

3. Ring the bell again and after 1-2 seconds puff the air to the lateral angle of eye.

4.  Repeat this procedure 5-6 times at the minute intervals.

Registration of results. The first winking occurs only in response to the puff of air. After repeated pairing, however, the winking is observed in response to the bell-ringing, before the puff of air.

Observations and Conclusion

9.8. The Iris Contraction Conditioned Reflex

Background. The iris is like the diaphragm of a camera; it can increase or decrease the diameter of its aperture (the pupil) to admit more or less light. The iris has sphincter muscles that allow it to constrict (miosis), as well as radially oriented muscles for dilatation (mydriasis). Constriction of the pupils results from parasympathetic stimulation through the occulomotor (III) nerve, whereas dilation results from sympathetic stimulation. Regulating pupillary size is the job of nuclei in the brainstem, which receive information about light levels directly from the retina.
Objective. To form the iris contraction conditioned reflex. 

Requirements. Source of light (electric lamp), special screen, the electric bell.

Procedure:

1. For this experiment the volunteer with the good and clear reaction on light must be selected.

2. The volunteer should sit in a opposite side of experimenter. 

3. Make sure that the clear iris contraction reflex on light is observed. For that the volunteer must open his eyes and close his eyes with a help of special screen in turn.

4. Experimenter must ring the bell (conditioned stimulus) and after that the volunteer must close his eyes (unconditioned stimulus) with the 40-50 second intervals. Repeat this procedure 7-10 times.

5. Ring the bell again and you will see the dilatation of the pupil in spite of the bright light.

6. Tell the word “bell” to the volunteer loudly and may be you will see the dilatation of the pupil again. The word “bell” also become the conditioned stimulus for the volunteer now.

Observations and Conclusion

9.9. Making of defensive conditioned reflex at the person
Background. The response to a stimulus that previously elicited little or no response, acquired by repeatedly pairing the stimulus with another stimulus that normally does produce the response is called a conditioned reflex. After the conditioned stimulus and unconditioned stimulus had been paired a sufficient number of times, the conditioned stimulus produced the response originally evoked only by the unconditioned stimulus. Moreover the conditioned stimulus had to precede the unconditioned stimulus.
Objective. To observe the students make defensive conditioned reflex at the person.

Requirements. An electrostimulator, Ringer`s solution, electrodes, lamp.
Procedure:
1. The fingers of the person under consideration must lie on electrodes. 

2. Select the current`s force is sufficient to produce distinct defensive reflex. The conditioned stimulus must precede  the unconditioned stimulus. The conditioned stimulus must be lasted 2-3 sec.

3. In 2-3 sec the unconditioned stimulus must be added to the conditioned stimulus. 

4. Both of stimulus must be followed after each other at the minute intervals.

5. After 5 – 6 combinations of conditioned and unconditioned stimulus isolated using of conditioned stimulus only elicit reflex withdrawal of the limb. This is conditioned reflex.

Registration of results. After repeated using combination of conditioned and unconditioned stimulus we have made the conditioned reflex at the person.

Observations and Conclusion

9.10. Determination of the types of high nervous 
activity by psychological tests
Background. The tested person gets acquainted with the list of the characteristics of the different temperaments (look below). If some of them is about him self, he draws «+» in the corresponding part of the table. If this quality is absent in his character, he doesn’t draw any sign in the table 24.  

                                                                                                             Table 24
	Properties of the character
	Choleric

(C)
	Phlegmatic

(Ph)
	Sanguinic

(S)
	Melancholic (M)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	

	16
	
	
	
	

	17
	
	
	
	

	Quantity of present properties 
	Ac=
(for example 5)
	Aph=
(for example 10)
	As 

(for example 15)
	Am 

(for example 5)


After analysis of all characteristics of each temperament (with the help of the list), calculate quantity of «+» in each column (Ac, Aph, As, Am) and then multiply:

A= Ac + Aph + As + Am.
After that we calculate percents. If A=100%, we must find percentage from A for each significant (Ac, Aph, As, Am), for example:

A= Ac + Aph + As + Am = 5+10+15+5=35

35 - 100%

Ac = 14%

Aph = 28%

5 – x%

As = 42%

Am = 14%

Registration of results. 

It is prevalenced temperament of sanguinic (42%) in tested person.

Characteristics of temperament (types of high nervous activity):

Choleric:

1. Fussy, busting 

2. Hot-tempered, irascible 

3. Sharpness, harshness in relationships 

4. Resoluteness, initiating 

5. Obstinate person

6. Resourcefulness in dispute (argument) 

7. Habit to work spurt 

8. Tendency to risk

9. Not unforgiving  

10. Fast and emotion speech 

11. Intolerable to defects  

12. Tendency to rood jokes

13. Expressiveness of facial expressions 

14. Striving for new 

15. Sharpness in moving

16. Persistency in achievement of goal  

17. Tendency to sharp changing of mood

Phlegmatic:

1. Possibility to be quiet in any circumstances 

2. Succession and thoroughness in affairs 

3. Care and reasonableness 

4. Possibility to wait

5. Silent 

6. Quiet speech 

7. Ability to finish the beginning affairs  

8. Tendency not to waist force for nothing

9. Ability to have system in the work

10. Low impressionable to approval or reprimand 

11. Not aggressive 

12. Constancy of interests 

13. Impossibility to begin and finish work fast 

14. Equal attitude to everybody

15. Tidy in everything 

16. Difficult adaptation to the new circumstances 

17. Self-discipline person  

Sanguinic:

1. Energy and efficiency  

2. Tendency to overestimate myself 

3. Ability to grasp the mining fast 

4. Instability of interests 

5. Easy attitude to failure 

6. High adaptability to different circumstances 

7. Enthusiasm in any new affair 

8. Tendency to lose interest fast to some affairs 

9. Unwillingness to do the same, everyday work 

10. Sociable, lightness in relations with new people

11. High endurance, high ability to work

12. Loud, fast, emotional speech with 

13. Ability to stay self-control in difficult circumstances

14. Ability to save always good mood

15. Ability to wake up and fall asleep fast  

16. Not self-disciplined person

17. Tendency to superficiality opinion

Melancholic:

1. Tendency to get lost in new circumstances

2. Difficulties in relations with new people

3. Unbelief in self force  

4. Easy attitude to loneliness 

5. Tendency to retire into self shell 

6. Fast fatigue 

7. Silent speech 

8. Tendency to adapt to character of interlocutor 

9. Impressionability for tires 

10. High impressionable to approval or reprimand

11. To make big demands of himself 

12. Tendency to suspiciousness  

13. Vulnerable, high sensitivity  

14. Secretiveness, not sociableness  

15. Not activeness and timidity 

16. Tendency to submit to one’s will

17. Striving for gaining sympathy 

Observations and Conclusion

9.11. Personal inquirer by Aizenk at the person
	Procedure: Probationer reads questions and writes «yes» or «no» to the corresponding column of table 25. 










                                                      Table 25
№ of questions
	Form А
	Form B
	Extroversion 
	Introversion
	Falsehood 

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


Form А

1. Do you often experience necessity of new impression and to endure an intense excitement?    

2. Do you often experience necessity of friends which understand you and may to encourage console?

3. Do you regard yourself as careless person?

4. Whether you   refuse your intention very hardly?

5. Do you think over something, prefer to wait for, before you start to act? 

6. Do you always keep your word even it is not advantageous for you?

7. Have you often depressed mood and cheerful mood?

8. Do you act and speak fast and you are not delayed for cogitation?

9. Have you some time sense that you are unhappy person though there was not seriously reason for that?

10. Could you make up your mind to everything   to clinch an argument?

11. Are you confused when you want to start a conversation with pleasant unknown girl?

12. Could you be beside yourself when you have got angry?

13. Do you often use to act rashly? 

14. Are you often preying to doubts that you have done or spoke incorrectly?

15. You would rather to read books than to meet with people?

16. Is it easy to touch you?

17. Do you often like to join in company?

18. Have you sometime such thoughts about which nobody may know?

19. Is it true that sometime you are vigorous and you achieve results in everything but sometime you are quite listless?

20. You would rather have fewer friends but especially with close relationships?

21. Do you indulge in reverie very much? 

22. If anybody shouts at you, you respond to him just the same?

23. Are you often preying to call of guilt?

24. Are all of your habits good and desired?

25. Could you  give free rain your feeling and enjoy yourself  in an company with might and main? 

26. Could say that you often have overstrained nerves exceedingly? 

27. Are you regarded as lively and cheery person?

28. Do you often return in your mind to your realized action and think that you are able to do it better?

29. Do you feel calml being in a company?

30. Did you use to convey gossips?

31. Whether you do not sleep because your head is filled with different thoughts? 

32. If you want to know about something you would rather to read about it in the book than to ask anybody?

33. Have you sometime strong palpitations?

34. Do you like work that need in rapt attention?

35. Have you sometime tremble attack?

36. Could you always speak in received manner if you know that nobody disclose your words?

37. It is very unpleasant to be in a company where someone plays a practical joke on somebody.

38. Are you short-tempered person? 

39. Do you like work that demands a fast action?

40. Is it true that  quite often  you are very alarmed at gloomy thoughts about different  annoyances and horrors may happened but everything  safely are finished? 

41. Are you leisurely and slow-moving?

42. Have you ever been late for job or rendezvous?

43. Whether you often dream of nightmare?

44. Is it true that you like to talk and do not miss the opportunity to talk with stranger?

45. Does any pain inconvenience you?

46. Do you feel yourself unhappy if you have not seen your friends for a long time?

47. Could you name yourself unhappy person?

48. Is some person (among people you know) such that you do not like?

49. Could you say about yourself that you are assured person?

50. Is it easy to touch you if one criticizes your imperfections or  points out the defects of your work? 

51. Do you regard as it is difficult to find pleasure in evening-party? 

52. Does sense that you are worst of other inconvenience you?

53. Is not difficult for you to make more lively rather tiresome company? 

54. Have you sometime talk about anything if you do not understand that?

55. Are you anxious about your health?

56. Do you like to plays a practical joke on somebody?

57. Do you suffer from insomnia? 

Form B

1. Do like animation and bustle around yourself?

2. Have you often feeling that you want anything but you do not know what do you want?

3. Are you such person who is never at a loss for words? 

4. Are you feeling yourself now lucky and then wistful without any reason?

5. Do you remain in the shadow on evening-parties and in companies?

6. Had you done everything immediately and resignedly when anybody command to do it in your childhood?

7. Whether you are sulky with anybody?

8. Whether you rather to be silence than to argufy?

9. Are you clever person?

10. Do you like to be among the people?

11. Whether you often have insomnia   because of your uneasiness?

12. Whether you believe in ill omens?

13. Would you name yourself carefree person?

14. Whether you often decide to anything too late?

15. Whether you like to work all alone?

16. Whether you often feel yourself indifference and tired without any reason?

17. Are you mobile person?

18. Do you sometimes laugh at shabby tricks?

19. Whether anything often bores to you so much that you   are fed up with it?

20. Whether you feel yourself uncomfortably in new full dress?

21. Whether your thoughts are drawing away if you try to concentrate your attention?

22. Would you may to state your thoughts out in words quickly?

23. Whether you often are lost in absent-minded reverie?

24. Do you completely free from any?

25. Do you like tricky jokes?

26. Whether you often think about your past?

27. Are you very fond of tasty meal?

28. Are you needed in friendly man to speak your mind if you are very angry?

29. If you are needed in money by seriously reason could you agree to sell any your things?

30. Whether you sometime brag a little?

31. Whether you are sensitive man for some things?

32. Would you rather to stay at home alone than go to boring evening-party?

33. Whether you are so excited sometimes that you can not remain on same place?

34. Would you like to plan in detail and beforehand?

35. Have you sometime giddiness?

36. Whether you always answer for private letters as soon as you read it?

37. Whether your business is successful if you discuss it alone but not with other persons?

38. Whether you have breathlessness if you do not make any hard work before?
39. Are you careless person who does not worry as everything should be?
40. Do your nerves put in a spot?
41. Whether you prefer to plan than to do something?
42. Whether you put off till tomorrow what you can do today?
43. Whether you become irritable when you are in lift or in tunnel?

44. Do you usually break the ice to intimacy when you become acquainted with stranger?

45. Have you sometime bad headache? 

46. Do you consider that everything get settled of itself and be back to normal?

47. Is it difficult or you to fall asleep by night? 

48. Whether you   speak falsehood sometimes?

49. Whether you   speak any first words that have entered your head?

50. Whether you survive for a long time because of occurrence discomfiture? 

51. Whether you are reserved with all the people excepting your close friends?

52. Whether you often have hardship because of you act rashly?

53. Whether you like to joke and to talk funny stories for your friends? 

54. Would you rather to win than to lose?

55. Are you timid in presence of older person?

56. Whether you consider to   be worthy of risk even you have little chance of success? 

57. Whether you often feel you have a sinking sensation in the pit of your stomach before important business?

Key for Personal inquirer by Aizenk
Using Key for Personal inquirer by Aizenk analyse your answers and calculate number of answers in the column «Falsehood». If the sum will be more than 9 stop to analysis of test because test is not true. If the sum will be less than 9 calculate number of answers in the column «Extroversion» and «Introversion».
Than mark value of 

· 1/2I 
· (24 – 1/2I) 
· 1/2E 
· (24 – 1/2E) along the axis of ordinates and abscissa axis (figure 41). Determine predominance type of temperament by square of figure and do your conclusions. 
Extroversion – is tendency to contact with reality, is tendency to impressions, intercourse. 
Introversion – to be absorbed in one`s thought, oneself, one`s ideas and images. 
If the value of 1/2E will be more than 14 extroversion is observed. If the value of 1/2E will be less than 10 introversion  is observed.
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Fig.35. Determination for type of temperament by Aizenk at the 
person.

	№ of questions
	Extroversion

(E)
	Introversion

(I)
	Falsehood
	№ of questions
	Extrover

sion
	Introver

sion
	False

hood

	1
	yes
	-
	-
	30
	-
	-
	no

	2
	-
	yes
	-
	31
	-
	yes 
	-

	3
	yes
	-
	-
	32
	no 
	-
	-

	4
	-
	 yes
	-
	33
	-
	yes 
	-

	5
	no
	-
	-
	34
	no 
	-
	-

	6
	-
	-
	yes 
	35
	-
	yes 
	-

	7
	-
	 yes
	-
	36
	-
	-
	yes 

	8
	yes
	-
	-
	37
	no 
	-
	-

	9
	-
	yes 
	-
	38
	-
	yes 
	-

	10
	yes 
	-
	-
	39
	yes 
	-
	-

	11
	-
	yes 
	-
	40
	-
	yes 
	-

	12
	-
	-
	no 
	41
	no 
	-
	-

	13
	yes 
	-
	-
	42
	-
	-
	no 

	14
	-
	yes 
	-
	43
	-
	yes 
	-

	15
	no 
	-
	-
	44
	yes 
	-
	-

	16
	-
	yes 
	-
	45
	-
	yes 
	-

	17
	yes 
	-
	-
	46
	yes 
	-
	-

	18
	-
	-
	no 
	47
	-
	yes 
	-

	19
	-
	yes 
	-
	48
	-
	-
	no 

	20
	no 
	-
	-
	49
	yes 
	-
	-

	21
	-
	yes 
	-
	50
	-
	yes 
	-

	22
	yes 
	-
	-
	51
	no 
	-
	-

	23
	-
	yes 
	-
	52
	-
	yes 
	-

	24
	-
	-
	yes 
	53
	yes 
	-
	-

	25
	yes 
	-
	-
	54
	-
	-
	no 

	26
	-
	yes 
	-
	55
	-
	yes 
	-

	27
	yes 
	-
	-
	56
	yes 
	-
	-

	28
	-
	yes 
	-
	57
	-
	yes 
	-

	29
	no 
	-
	-
	58
	-
	-
	-


Registration of results. The strain of (write the type of temperament) are predominance at the probationer. Extroversion (or introversion) is observed.

Observations and Conclusion

The control questions on the high nervous activity
1. Memory: types of memory (short-term and long-term memory). Physiological basis of memory. 

2. Cerebral cortex. Structure of the cerebral cortex. Functions of specific cortical areas. Cerebral lateralization. 

3. Electroencephalogram. The different types of brain waves. Clinical use of the electroencephalogram. 

4. Sleep. Slow wave sleep. Paradoxical sleep. Basic theories of sleep: role of the reticular activating system, neuronal centers, transmitters and mechanisms that can cause sleep.

5. The biologic role of the conditioned reflexes. The classification of the conditioned reflexes. The inhibition of the conditioned reflexes. The mechanism of formation of the temporal connection between the nervous centers.

6. Behavior. Behavioral functions of the hypothalamus and associated limbic structures. Effects of the general hormones on behavior.

7. The types of temperament. Dynamic stereotype.

10. THE Sensory Systems

10.1. Two-point Discrimination of Touch

Background. The receptive field of a neuron serving cutaneous sensation is the area of skin whose stimulation results in changes in the firing rate of the neuron. Changes in the firing rate of primary sensory neurons affect the firing of second- and third-order neurons, which in turn affects the firing of those neurons in the postcentral gyrus that receive input from the third-order neurons. Indirectly, therefore, neurons in the postcentral gyrus can be said to have receptive fields in the skin.The area of each receptive field in the skin varies inversely with the density of receptors in the region. In the back and legs, where a large area of skin is served by relatively few sensory endings, the receptive field of each neuron is correspondingly large. In the fingertips, where a large number of cutaneous receptors serve a small area of skin, the receptive field of each sensory neuron is correspondingly small.

The approximate size of the receptive fields serving light touch can be measured by the two-point touch threshold test. In this procedure, the two points of a pair of calipers are lightly touched to the skin at the same time. If the distance between the points is sufficiently great, each point will stimulate a different receptive field and a different sensory neuron—two separate points of touch will thus be felt. If the distance is sufficiently small, both points will touch the receptive field of only one sensory neuron, and only one point of touch will be felt.
In order for touch at two separated points on the skin to be perceived and discriminated by the brain as two distinct stimuli, the following prerequisites must be met: 

1) in the skin, stimulation of at least two spatially separated touch sensitive nerve endings must occur. This is a more likely to happen if the touch stimuli are widely spaced and if the two stimuli occur in sensitive areas of the skin innervated by many touch-sensory endings per unit area.  Perception of two stimuli is less likely if the two 

2) stimuli are closely spaced or if stimuli are in insensitive areas of skin innervated by few touch-sensory endings. 

3) in the spinal cord and brain, nerve impulses triggered by the two stimuli must be carried in two separate pathways, resulting in activity in two separate locations in the somatosensory cortex. Such spatial separation of sensory structure and function in the spinal cord and brain is a key feature underlying our ability to discriminate or resolve separate points of touch.
Objective. To determine two-point touch discrimination of skin in different body areas.
Requirements. Calipers with bristles attached, ruler with mm scale.
Procedure:
1. Work in groups of two or three, with one person being the subject and the other(s) being the examiner and the data recorder. The subject should be seated with eyes closed. 
2. Start with the tips of the caliper bristles about 80 mm apart. The examiner should lightly touch the two bristle tips, at the same instant, to the back of the subject's hand. The subject should state whether he/she perceived the touch as a single point or as two separate points.

3. Reduce the spacing between bristles by 10 mm and repeat step 2. Repeat testing again and again using a gradually smaller spacing each time. Occasionally, and without the subject’s knowledge, the experimenter should touch the subject with only one bristle. This will help prevent the subject from knowing (or second-guessing) whether or not a double-point stimulus was always delivered. 

4. Eventually, a critical distance between the two bristles will be found that the subject consistently reports as one point rather than two points. This is the two-point threshold distance for that particular body region in the subject. Find this value in mm for the back of the hand and record it on the Data Sheet.

5. Now move to the next area of the body, as listed on the Data Sheet and repeat steps 2 through 4. Depending on the area being tested, you may need to begin with smaller spacing. Also, when testing body areas with small two-point threshold distances, it is advisable to use relatively small changes in bristle spacing for each test (1 mm change, for example). Report values to the nearest mm (fig. 36).
6. Switch roles and repeat the stimulus testing and data collection procedures for each subject.
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Fig. 36. The two-point touch threshold test.
Using your data, try to predict the density of touch receptor endings in the following areas: lips, thigh, back, toes, and forehead. List these in order, starting with the least sensitive. Write down the obtained data at the table 26. 

The two-point touch threshold test
Table 26
	The area of the skin
	The spacial threshold of sensitivity (mm)

	Fingers of the hands

Palms

Forearm

Shoulder

Back
	


1. Make a conclusion about the inversely relations between threshold distance and sensitivity. 

2. Make a conclusion about inversely proportional relation between the spacial threshold and sensitivity of the skin. 

Observations, Figures and Conclusion

10.2. The investigation of the temperature sensitivity

Background. The cutaneous sensations of touch, pressure, heat, cold, and pain are mediated by the dendritic nerve endings of different sensory neurons. The receptors for heat, cold, and pain are simply the naked endings of sensory neurons. Sensations touch are mediated by naked dendritic endings surrounding hail follicles and by expanded dendritic endings, called Ruffini endings and Merkel's discs.

There are far more free dendritic endings that respond to cold than to warm. The receptors for cold are located in the upper region of the dermis, just below the epidermis(at the deep of 0,16mm). These receptors are stimulated by cooling and inhibited by warming. The warm receptors are located somewhat deeper in the dermis (at the deep of 3 mm) and are excited by warming and inhibited by cooling. 

The terminals of an individual temperature-sensitive fiber do not branch profusely or widely. Rather, the endings of each fiber form a small, discretely sensitive point, which is separate from the sensitive points of neighboring fibers. The total area of skin occupied by the receptor endings of a single temperature-sensitive nerve fiber is relatively small (~ 1 mm in diameter). In addition, the density of these thermo-sensitive points varies greatly in different body regions. For example, there are up to 15-25 cold points per square centimeter in the lips, 3-5 cold points per square centimeter in the finger, and less than 1 cold point per square centimeter in some broad areas of the trunk. 

In most areas of the body there are three to ten times as many cold-sensitive points as warm-sensitive points. It is well established from physiological and psychological testing that warm-sensitive nerve fibers and cold-sensitive fibers are distinctively different from one another in both structure and function. 
Objective. To investigate and to compaire the temperature sensitivity of the skin at different areas of the human body. 

Requirements. Test-glasses with cork and copper rod (spindle) with hot and cool water.
Procedure:
1.  Ask the tested student to sit down comfortably and to close his eyes. 

2.  Fill up the test-glass with cork and copper rod (spindle) by ice or cool water.

3.  Make a light touch by the test-glass to the different sites of the skin - see table  and count the number of those touches, which evoke the sense of cold.

4.  Fill up  the test-glass with  hot water, repeate step 3  and count the number of those touches, which evoke the sense of warmth.  

5.  Tabulate the obtained data. 
Observations and Conclusion

Make a conclusion about the different distribution of thermoreceptors in the human skin (tab. 27). 

Table 27
	Area of the skin
	Number of receptors

	
	receptors for cold
	receptors for heat

	Fingers of the hands

Palms

Forearm

Shoulder

Back

Neck

Face
	
	


10.3. The thermal illusion

Background. Many sensory systems show adaptation: a declining response to a continued steady stimulus due to the decreasing the excitability of corresponding receptors. Temperature sensors  or receptors in the skin adapt in this way, and so thermal sensations of warmth or cold are determined more by changes in temperature than by the temperature itself. 

Requirements.  Three containers with hot, cold and luke-warm water
Procedure:
1. Fill one container with hot, but not painfully hot, water. Fill another with cold water, and fill the third with luke-warm water. 

2. Place one hand in hot water, and the other hand in cold water.  Leave them there for 30 seconds. 

3. Naw place both hands in luke-warm water. This water feels warm to one hand and cold to the other.

Observations and Conclusion

Make a conclusion about the reason of different sensations.

10.4. The measurement of the threshold of the taste sensitivity

Background. Gustation, the sense of taste, is evoked by receptors that consist of barrel-shaped taste buds. Located primarily on the dorsal surface of the tongue, each taste bud consists of 50 to 100 specialized epithelial cells with long microvilli that extend through a pore in the taste bud to the external environment, where they are bathed in saliva. Although these sensory epithelial cells are not neurons, they behave like neurons; they become depolarized when stimulated appropriately, produce action potentials, and release neurotransmitters that stimulate sensory neurons associated with the taste buds.

The specialized epithelial cells of the taste bud are known as taste cells. The different categories of taste are produced by different chemicals that come into contact with the microvilli of these cells. Four different categories of taste are traditionally recognized: salty, sour, sweet, and bitter. There may also be a fifth category of taste, termed umami, for the amino acid glutamate (and stimulated by the flavor-enhancer monosodium glutamate).
Objective. To determine the thresholds for different categories of test

Requirements. Solutions of the sugar, salt, citric acid and chinyn of the different concentrations - 1; 0,1; 0,01; 0,001% and dropper. 

Procedure:
Drop the investigated solutions to the tongue of the tested student. 

Table 28
	Gustation
	The threshold of the taste sensitivity (solution concentration %)

	Sweet

Salt

Sour

Bitter
	


Start with the minimal concentration of solution and note those concentration, which evoke the sweet, salt, sour or bitter taste. 

Write the obtained data at the table 28. 
Observations and Conclusion

Make a conclusion about inversely proportional relation between the taste threshold and sensitivity of the different drugs. 

10.5. Mechanical stimulation of the eye

Background. The pressure on the outer corner of an eye produces an impression of a dark circular spot, surrounded by a bright circle, in the field of vision directly opposite the point of pressure. These visual sensations are produced by inadequate retinal stimulation.
This experiment supports law, which states that different varieties of stimuli applied to a sensory organ always produce the sensation peculiar to that receptor. In the case of retina, the natural stimulus – light - requires minimum of energy to stimulate the rods and cones.
Procedure: 
1. Close your eyes and press the outer corner of an eye with the index finger. 
2. Describe the obtained sensation. 
Observations and Conclusion
Analyze the sensations and make a conclusion about differences of adequate and inadequate stimuli effects. 
10.6. Physiological blind spot

Background.  The 'optic disc' is the region where the optic nerve fibers leave the eye and the retinal blood vessels enter. It is located at the point 3 mm medial to and slightly above the posterior pole of the eye (the location of macula lutea). As there are no receptors in this region, any image formed on this is not 'visible'. The optic disc is, therefore, called the blind spot. This region is the only place in the body where blood vessels can be directly visualised (with an ophthalmosope). Consequently, ophthalmoscopy is very valuable in clinical practice.
Objective. To determine the location of physiological blind spot.
Requirements. Special picture with circle and cross.

Procedure: 

1. Close your left eye and hold the figure in front of your right eye. 
2. Fix your right eye on the circle on the left of the figure. 
3. Bring the picture slowly towards your eye until, at a certain distance (approximately 25 cm) the cross disappears. At this moment the image of the cross is falling on the blind spot (the region of the exit of optic nerve fibers and the entry of retinal vessels) where there are no rods or cones. 
4. Bring the book nearer; the circle reappears. 
Mapping the blind spot. Mark a cross in the center of a white paper sheet. Prepare a 12 inch long and one inch wide strip с paper and mark a 3mm black spot at one end. Rest the subject's chin on a couple of books placed on a table. Hold the paper sheet in front of his right eye and ask him to fix his gaze on the cross. Holding the paper strip from the unmarked end and move it over the paper sheet so that the dot travels from lateral to medial side towards the cross. Make a mark on the sheet, with a pin, through the dot when the dot disappears and again when it reappears. Repeat this procedure with the dot moving in the vertical and oblique directions. Finally, join the pin marks with a pen to obtain an outline of the projected image of the blind spot. By using the method of similar triangles, the actual size of the blind spot can be calculated-taking the distance between the retina and the nodal point of the eye at 15 mm.
Observations and Conclusion
10.7. Testing the visual acuity (VA)

Background. Visual acuity is the degree to which the details and contours of objects are perceived. Visual acuity is usually defined in terms of the minimum separable that is the shortest distance by which 2 lines can be separated and still be perceived 2 lines. Clinically, visual acuity is often determined by use of the familiar Snellen’s letter charts viewed at distance of 6 meters (20 ft). In this chart series of letters of varying sizes  constucted that top letter is visible to the normal eye at 60 meters and subsiquent lines at 36, 24, 18, 12, 9, 6 and  5 meters respectively. The letters on the Snellen’s chart are so designed that the letter as a whole substends an angle of five minutes, and each part of stroke of the letter substends  an angle of one minute on the nodal point. The patient reads down the chart  as far as he can. If only the top letter in the chart is visible the VA is 6/60. Normal person should be able to read the chart upto the 7th line, i.e. VA 6/6. 

Objective.  To investigate the visual acuity of your eyes.

Requirements. Snellen’s eye chart (distant vision) or Sivtzev chart, the lamp, and subject.

Procedure:
1.  Subject being tested is 6 meter away from Snellen’s chart and reads the smallest line distinguishable loudly. 

2.  Ask the subject to stand at a distance of 6 meters (20 feet) from the test type, which should be well illuminated.
3.  Then ask him to read the letters from above downwards.
N.B. The distance for each line, in meters, is mentioned on the chart. One eye should remain  close while the other is being examined. 
4.  Test each eye separately with and without glasses as the case may be
and express the results as 6/6, 6/24 etc.

A person visual acuity is stated as V=d/D in which “d” is the distance at which the patient can read the letters and D is a distance at which a normal eye can read the letters. 
If the subject can reed the last line from the distance of 6 meters, his visual acuity is expressed as 6/6. If he can read only the top letter, the visual acuity will be 6/60=0.1. Normal visual acuity is 6/6=1. If visual acuity is recorded 10/20 or 3/6 it is subnormal because subject must approach to within 3 meters (10 feet) to read letters that one readable at 6 meters (20 ft).
Registration of results. Write down the obtained results in your note-book and make a conclusion about normal vision, long - sightedness or short - sightedness.  

Observations and Conclusion
10.8. Perimetry (Field of vision)

Background. The area of the external world visiable to a person when he fixed his gaze on an object with one eye is called the field of vision for that eye. The process of charting the field of vision is called perimetry. 

Images of objects falling upon the macula are seen on very minute details, and the colours are bright and distinct, because the cones are located in this area of retina. Objects visible away from the point of fixation become less and less distinct and it becomes more difficult to identify the colours. At the periphery of retina the rods are located predominantly. 
Objective. To obtain the limits of field of vision with white and coloured markers of both eyes and to compaire obtained fields of vision. 

Requirements. Priestley-Smith’s and the Lister-type perimeters are self recording. Forster’s “hand” perimeter is also available  (fig. 37). 

Forster’s perimeter consists of: 1) A broad metal arc which can be rotated around its centre, clockwise or anticlockwise, so as to describe a hemishpere, which is graduated from 0 - 900. 2) The metal arc is mounted on a heavy stand in front of a large black disk with a white spot painted in the middle of the disk. 3) Test objects  (markers) of different colours can be fitted into a carrier which moves in groove in one limb of the metal arc. 
Procedure:
1.  Place the perimeter on a table and ask the subject to sit on a stool in front of the apparatus, and set the arc in a vertical position.

2.  Adjust the height of the chin rest so that the eye (for example, right eye) is at the level of the white spot in the middle of the metal black disk.
3.  Instuct the subject not to move his eye, but keep the looking at the white spot. 
4.  Fix the test object in the carrier and take it to the end of the arc. Then move it slowly to the middle of the arc. Tell the subject to say “yes” as soon as the object comes into view. The subject should be able to distinguish the colour with certainty. Mark this point in the sketch of the standart, printed field of vision.
5.  Move the arc in a horisontal position and  repeat the step 4.
6.  Connect the obtained marks (points) for white colour. This is a peripheral field of vision for white colour. 
7.  Change the colour of the test object and repeat the steps from 4 to 6 (fig. 38).
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Fig. 37. The perimeter: 1-adjustable chin rest; 2-rotatable arc; 
3-dial; 4-base.
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Fig. 38. Fields of vision of one eye for white, blue, red and green colors.
Registration of results. It will be seen from the standart chart that peripheral field extends beyond 900 on the temporal side, about 500 in the vertical meridian, about 550 - 600 on the nasal side and about 650 downwards. The peripheral field of vision is maximum for white objects, and smaller for blue, red and green. Sketch the field of vision on the standart field of vision. Make a conclusion about the distribution of the cons and rods within  the retina.

Observations and Conclusion
10.9. Research of bone conductivity of a sound

Background. Weber’s test. The base of a vibrating tuning fork is placed over the midline of the vertex of the subject (fig. 39 A). The sound is heard equally in both ears. In unilateral middle ear disease affecting the conductive system, the sound   is better heard in the diseased ear and Weber's test is said to be positive. In case of unilateral internal ear disease affecting the nervous conduction the sound is better heard in the normal ear.

Rinne’s and   Weber's   tests   help   to differentiate middle ear or conductive deafness from internal ear or perceptive deafness. 

For research of bone conductivity spend the Weber test. Research of bone conductivity of  a sound allows to differentiate defeats of middle  ear  and internal ear.

Objective. To investigate the audial acuity of your ears. 

Requirements. The fork .

Procedure:


1. Take a tuning fork С128 and to strike its hammer. 

2. The base of a sounding tuning fork is placed over the midline of the vertex of the subject (to put to parietal bone of the patient in the middle of head). In norm the patient hears a sound of a tuning fork equally in both ears. If one ear to close a wadded ball (to simulate defeat of a middle ear) the sound in it will be stronger. At defeat of an internal ear the sensation of a sound increases in a healthy ear.

Results and conclusions
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Fig. 39 A=The Weber test furnishes only a comparison of two ears. If a subject has nerve deafness which is worse in one ear than the other, the tone will be heard best in the better ear. The tone will be heard in the poorer ear if the subject has asymmetric conductive deafness. B=Tone heard longer by air conduction=Rinne positive. C=Tone heard longer by bone conduction=Rinne negative.

10.10. Research of bone and air conductivity of a sound

Background. Rinne’s test. The base of a vibrating tuning fork is placed over the mastoid process of the subject. When the sound fades away (bone-conduction ceases) the prongs of the fork are brought towards the external auditory canal. If there is no abnormality in the tympanic membrane and ear ossicles, the air-conducted sound is heard for a longer period by the subject and the test is said to be positive. If the sound is heard longer by bone-conduction the test is said to be negative, and indicates conductive deafness (fig. 16 c). In case of internal ear disease affecting the nervous conduction the test is said to be positive and indicates perceptive deafness (fig. 16 B).

Air conductivity of a sound is provided with distribution of a sound wave through a hearing aid of an external and middle ear. Bone conductivity of a sound is a transfer of sound waves through bones of a skull to an internal ear. For comparison of air- and bone- conductivity of a sound carry out Rinne’s test. 

Objective. To investigate the audial acuity of your ears. 

Requirements. The fork .

Procedure: 


1. The basis of a vibrating tuning fork is put to a shoot of a temporal bone. 

2. Mark time of sounding of a tuning fork. 

3. At disappearance of a sound a tuning fork bring to an external ear (distance of a  tuning fork from external auditory canal equally 0.5 - 1 sm).  The patient again hears a  sound. Define time during which the sound is audible. 

4.Compare time of air- and bone- conductivity. In norm time of air conductivity in 2 times is longer, than bone conductivity. 

Results and conclusions
10.11. Research of auditory acuity
Background. For an research of auditory acuity from the patient find out ability to distinguish silent speech. The person with normal hearing perceives speech by whisper at a distance of 4-5 meters.

Procedure:

The patient costs a back to the doctor at distance of 5-6 meters. One ear closes, another is directed aside the researcher. The doctor names whisper different numbers. The patient should repeat them. If he does not hear a word then the doctor gradually comes nearer to it until then while the patient will not start to repeat a word correctly.

Results and conclusions
The control questions on the sensory systems
1. Types of sensory receptors. 

2. Transduction of sensory stimuli into nerve impulses. Receptor potentials and generator potentials. Adaptation of receptors. 
3. Detection of tactile sensations. Detection of vibration. Thermal sensations. 

4. The pain and visceral receptors. 

5. The sense of taste. The sense of smell.

6. The optic system of the eye. Physical principles of optics. 
7. Anatomy and function of the structural elements of the retina. Neural organization of the retina. Photochemistry of vision, color vision. 
8. The visual pathway from the eyes to the visual cortex. Function of the primary visual cortex.

9. Visual acuiiy and the fields of vision. Accommodation.
10. The sense of hearing. Transmission of sound from the tympanic membrane to the cochlea. Functional anatomy of the cochlea. Function of the Organ of Corti. Central auditory mechanisms.
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