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Laboratory research number 1
Heart physiology. Properties of a cardiac muscle
Questions:

1. Excitability of a cardiac muscle

2. Contractility of a cardiac muscle

3. Conductivity of a cardiac muscle

4. Automaticity 
1. Excitability of a cardiac muscle

The heart of a person has 4 chambers: two auricles and two ventricles (fig1). Atriventricular openings between auricles and ventricles have folding valves: two-leaved in the left heart and three-leaved in the right. At the exit from ventricles there are semi-lunar valves. The systemic circulation begins from the left ventricle and comes to an end in the right auricle. The pulmonary circulation begins from the right ventricle and comes to an end in the left auricle. In the heart there are working and atypical cardiac muscles. Atypical cardio muscles aren`t contracted and possess automaticity. The automaticity is an ability to be excited without outside influence. Atypical cardiomuscles (drivers of a rhythm, cardiac pacemakers are in a sinoatrial node (SN), an atrioventricular (AV) node, in His band, His crura and Purkinie`s` fibers.
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Fig. 1. Heart chamber and valves
Excitability of a working cardiac muscle is characterized by a fast phase of depolarization and two-stage phase of repolarization: slow and fast repolarization and also long period of absolute refractivity (fig.2). This period lasts for the whole phase of depolarization, the whole phase of slow repolarization and about a third of a phase of fast repolarization. The long period of absolute refractivity of a working cardiac muscle makes the work of heart possible only in the mode of single muscular contraction (not tetanus) and makes impossible retrograde distribution of excitement.
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Fig. 2. Action potential of a cardiac muscle
2. Contractility of a cardiac muscle

Contractility of a working cardiac muscle submits to the law “all or nothing” – the muscle doesn`t contract by subthreshold incentives, and superthreshold incentives with the maximum amplitude. There is an exception from this law. If each subsequent incentive comes to the hypererethism period, then the muscle will contract with the increasing amplitude. It is an “effect of a ladder”.
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Fig. 3. Extrasystole.

Extrasystole (fig.3).

If in the beginning of a diastole the extra impulse comes, then there is an extra contact of the heart- extrasystole. After infra nodal of extrasystole the next cycle drops out. It occurs because the next impulse from SA of node comes to the period of absolute refractivity of a cardiac muscle. Such loss of the next cycle is called a compensatory pause.

3. Conductivity of a cardiac muscle
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Fig. 4. Conductivity of a cardiac muscle

The impulse arises in SA node and extends on auricles at a speed of 1 meter per second. Then the impulse is delayed in AV node, on His` band it goes down to a top of the heart and extends on ventricles at a speed of 4 meters per second (fig.4).
4. Automaticity 

The automaticity is an ability to be excited without outside influence. Atypical muscles of the heart possess such an ability. Spontaneous change of ionic permeability of a membrane of cardiac pacemakers happens at emergence of an impulse. In the end of the previous phase of repolarization membrane potential aspires to equilibrium potassium potential on a membrane slow potassium potential on a membrane slow potassium and calcic channels open and these ions slowly come into a cell (fig.5).
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Fig. 5. Action potential of cardiac pacemakers
It occurs in a diastole and is called “slow diastolic depolarization” (SDD). When, as a result SDD membrane potential exceeds rest potential a little, fast potassium and calcic channels open, these ions become burst activated and come into a cell and there is spike potential. then everything repeats. 
Laboratory work

Work 1. Monitoring of a cardiac cycle of the frog and graphic registration of the heart beat
Objective: to determine the sequence of contractions of different parts of the heart.
The object of study: the frog.
Equipment: kymograph, universal tripod, lever, serphin, dissecting kit, saline.
Stages:
1. Assemble the facility to record the contractions of the heart. 
2. Immobilize the frog, fix it with pins on the board.
3. Resect the skin on the chest of the frog, grab with a pair of tweezers xiphoid process of the sternum to open the chest cavity. Remove chest wall, cutting the clavicle.
4.  Open the pericardium, and grasp the apex of the heart by serfina, cut the bridle of the heart.
5. Find the parts of the heart and note the sequence in which contractions occur. Record.
Results: (kymogramme, a description of the sequence of heart contractions)
Conclusion:
Work  2. Determining the leadership role of the sinoatrial node in automatic heart
Objective: to show the value of the sinoatrial node in automatic.
The object of study: heart of frog.
Equipment: kymograph, universal tripod, lever, serphin, glass rod, cold and hot saline.
Stages:
1. Record the contraction of the heart and count their number for 10 seconds.
2. Heated wand attach to the venous sinus, count the number of beats for 10 s, perform the record.
3. Wait for a recovery the original rhythm, attach the hot stick to the atrioventricular sulcus. Count the number of beats for 10 s, perform the record.
4. Repeat the experiment, using chilled wand.
Results:
	The area of thermal influence
	The number of heartbeats for 10

	
	source
	When heated
	When cooled

	Venous sinus
Atrioventricular sulcus
	
	
	


Conclusion:
Work 3. The study of automatic of conduction system of the heart (1 and 2 ligatures of Stannius)
Objective: to identify and compare levels of automatie of different parts of the conduction system of the heart.
The object of study: heart of frog.
Equipment: universal tripod, lever, serphin, ligatures, saline.
Stages:
1. Count the number of heartbeats for 10 seconds.
2. Make the dressing on the border between the venous sinus and atria, count the number of beats of sinus, atrium and ventricle for 10 seconds.
3. Without removing the first ligature, impose a second on atrioventricular sulcus, count the number of contractions of different parts of the heart for 10 seconds.
Results:
	The parts of the heart
	The number of beats for 10 s

	
	Source value
	After applying

	
	
	1 ligature
	2 ligatures

	Venous sinus
Atrium
Ventricle
	
	
	


Conclusion:
Work 4. The study of the excitability of the heart muscle during the cardiac cycle (getting PVCs)
Objective: to identify changes in the excitability of the ventricle myocardium during systole and diastole.
The object of study: heart of frog.
Equipment:
Stages:
1. Record the original heartbeat.
2. Sum up irritating electrodes to the ventricle, pick up power of irritation required to obtain beats.
3. Cause irritation in systole and diastole and register contraction. Pay attention to extra long pause following the extrasystoles.
Results: (kymogramme with the designation of beats and extended pauses)
Conclusion:
Laboratory research 2

Heart physiology. The cardiac cycle. Regulation of heart work. Methods of heart work research
Questions:
1. Self-regulation of heart work

2. Nervous regulation of heart work

3. Heart reflexes.

4. Humoral influences on heart work

5. The cardiac cycle

6. Tones of heart. Phonocardiography.

7. Electrocardiography.
1. Self-regulation of heart work
When a person is at rest, the heart pumps only 4 to 6 liters of blood each minute. During severe exercise, the heart may require to pump four to seven times of this amount. The basic means which the volume of blood pumped by the heart is regulated are 1) intrinsic cardiac regulation 2) control by the autonomic nervous system 3) humoral regulation

Intrinsic regulation of heart pumping

a) The Frank-Starling mechanism (fig.6)
Basically, the Frank-Starling mechanism means that the greater the heart muscle is stretched during filling, the greater is the force of contraction and the greater is the quantity of blood pumped into the aorta. This is a heterometric autoregulation. 

b) The Anrep effect

The Anrep effect is a homometric autoregulation. The more is the pressure in the blood vessels leaving the heart the greater is the force of contraction of the cardiac muscle.
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Fig. 6. Frak-Starling Law of the heart
2. Nervous regulation of heart work

Control of the heart by the sympathetic and parasympathetic nerves. The pumping effectiveness of the heart is also controlled by the sympathetic and parasympathetic vagus nerves. The parasympathetic nerves are distributed mainly to the S-A and A-V nodes and to the muscle of the two atria. 
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Fig. 7. Nervous regulation of heart work

The sympathetic nerves, conversely, are distributed to all parts of the heart. If you raise the tone of these nerves four tropic effects arises:

	Tropic effects 
	Sympathetic nervous system
	Parasympathetic nervous system

	I. Chronotropic – the change in a heart rate
	+
	-

	II. Inotropic – the change in the force of cardiac contractions
	+
	-

	III. Dromotropic – the change of conductivity
	+
	-

	IV. Batmotropic – the change in excitability
	+
	-


Parasympathetic nerves cause all these effects with a minus sign. Stimulation of the parasympathetic nerves to the heart (the vagi) causes the hormone acetylcholine to be released at the vagal endings. This hormone increases the permeability of the fiber membranes to potassium ions, which allows` rapid leakage of potassium out of the fibers. This causes increased negativity inside the fibers, an effect called hyperpolarization. It makes this excitable fiber much less excitable. 

In the sinus node, the state of hyperpolarization decreases the “resting” membrane potential of the sinus nodal fibers to -65 to 75 mV. This slows` greatly the rate of rhythmicity of these nodal fibers.

Sympathetic nerves cause all these effects with a “plus” sign. First, it increases the rate of sinus nodal discharge. Second, it increases the rate of conduction as well as the level of excitability in all portions of the heart. Third, it increases greatly the force of contraction of all the cardiac muscles both atrial and ventricular.
Stimulation of the sympathetic nerves releases the hormone norepinephrine at the sympathetic nerves releases the hormone norepinephrine at the sympathetic nerve endings. The precise mechanism which this hormone acts by on cardiac muscle fibers is somewhat unclear. But it is believed that it increases the permeability of the fiber membrane to sodium and calcium ions. In the sinus node it causes a more positive resting potential. This increases the speed of the slow diastolic depolarization and, therefore, increasing the heart rate.
The conduction time from the atria to the ventricles is decreasing. The increase in permeability to calcium ions is responsible for the increase in contracting strength of the cardiac muscle.

3. Heart reflexes.

We distinguish proper own and associated cardiac reflexes. Proper reflexes begin with the heart and vascular receptors. Conjugate reflexes begin with receptors outside the cardiovascular system. For example, Goltz reflex. When you hit in the solar plexus area sharply the heart rate can reduce up to a cardiac arrest. Reflex Danini-Aschner. The heart rate decreases with pressure on the eyeballs. This vagal reflexes. During stimulation of receptors the tone of the vagus increases.
4. Humoral influences on heart work

Effect of potassium, calcium ions and temperature on a heart function

1) Potassium ion effect

Excess of potassium in the extracellular fluid causes the heart to become dilated and also slows the heart rate. Large quantities can also block conduction of the cardiac impulses from the atria to the ventricles through the A-V bundle.
The mechanism.

High potassium concentration in the extracellular fluid decreases the resting membrane potential in the cardiac muscle fibers. The intensity of the action potential decreases as well. This makes contraction of the heart progressively weaker.

2) Effect of calcium ions. Calcium ions are the initiators of muscle contraction. Their abundance increases the strength of contraction of the myocardium until the heart stops in systole. 

3) Effect of temperature on the heart function. Increase of body temperature causes a great increase of heart rate. This effect is a result of an increase in the permeability of cell membranes of pacemaker ions. Decrease of the body temperature decreases the heart rate. The power of the heart rate increases during short temperature rise, for example, during exercise. Prolonged elevation of temperature exhausts the metabolic systems of the heart and eventually causes weakness. 
5. The cardiac cycle

The cardiac events that occur from the beginning of one heartbeat to the beginning of the next are called the cardiac cycle (fig.8). The systole of the heart begins with the systole of the atria. The mouths of the vena cava are closed, the myocardium of the atria contacts. An additional portion of blood (about 20 percent of whole blood) flows` from the atria into the ventricles. The systole of atria lasts for 0,7 sec. the right atrial pressure increases from 4 to 6 mm Hg and the left atrial pressure increases from 7 to 8 mm Hg. The systole of the atria is followed by systole of the ventricles. It includes the period of the voltage and the period of ejection. The period of voltage consists of two phases. They are a synchronous phase and isometric phase (isovolumic) of contraction. The period of ejection consists of a rapid ejection phase and slow ejection phase.
Myocardial fibers of the ventricles are shortened in phase of asynchronous contraction. The pressure in the ventricles is close to zero. The phase lasts for zero point five hundredths (0,05) sec. The next phase is of isometric contraction. Myocardial fibers contracted isometrically. Their length does not change, but their voltage increases. The left ventricle is rounded, heart hits on the chest. 
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Fig. 8. The cardiac cycle

Cardiac impulse occurs.

When the left ventricular pressure rises slightly above 80 mm Hg (and the right ventricular pressure slightly above 8 mm Hg), the ventricular pressure pushes the semilunar valves to open. Blood begins to flow out of the ventricles in the aorta and pulmonary artery. The period of ejection begins the period of isometric contraction lasts for 0,03 sec. 

The period of ejection lasts for 0,25 sec. in the end of systole, ventricular relaxation begins suddenly. Intraventricular pressure decreases rapidly. The blood returns to the ventricles and closes the aortic and pulmonary valves. There is a second heart sound. The time from the end of the period of ejection before the closure of semilunar valves is called “protodiastolic period”. Its duration is 0,04 sec. For another 0,03 to 0,06 sec, the ventricular muscles continues to relax. The ventricular muscle continues to relax. The ventricular volume does not change. This is the period of isovolumic or isometric relaxation. It lasts for 0,08 sec. During this period, the intraventricular pressure decreases rapidly back to their low diastolic levels. Then the A-V valves are open to begin a new cycle of ventricular pumping. It lasts for 0,25 sec.

The total duration of the cardiac cycle is 0,8 sec.

6. Tones of the heart. Phonocardiography

Listening with a stethoscope to a normal heart, one can hear sounds usually described as “lub, dad, lub, dud”. The “lub” is associated with closure of the atriovetricular (A-V) valves at the beginning of systole, and the “dub” is associated with closure of the semilunar (aortic and pulmonary) valves at the end of systole. The “lub” sound is called the first heart sound, and the “dub” is called the second heart sound. The main cause is vibration of valves immediately after closure, along with vibration of the adjusted walls of the heart and major vessels around the heart.
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Fig.9. Phonocardiography
The third heart sound.

Occasionally a weak, rumbling third heart sound is heard at the beginning of the middle third of diastole. A explanation of this sound is oscilation of blood and forth between the walls of the ventricles initiated by inrushing blood from the atria. The frequency of this sound is usually so low  that the ear cannot hear it, yet it can often be recorded in the phonocardiogram. 

Atrial Heart Sound (the forth Heart Sound)

Sometimes an atrial heart sound can be recorded in the phonocardiogram. It can never be heard with a stethoscope because of its weakness and very low frequency. This sound occurs when the atria contracts. 

Listening to the sounds of the heart, usually with the stethoscope, is called auscultation. Figure 9 shows the areas of the chest where the different heart valvular sounds can be distinguished best.
The first heart sound: mitral valve is listened to in the apex of the heart (in the fourth intercostal to the left of the left line clavicula medialis) tricuspid valve is listened to the end of the xiphoid process. The second heart sound. Semilunar valves are listened to in the second intercostal space to the right and to the left of the median line.
7. Electrocardiography.

When the cardiac impulse passes through the heart, electrical current also spreads from the heart into the adjacent tissues surrounding the heart (fig.10). 
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Fig. 10. Electrocardiography.

A small portion of the current spreads all the way to the surface of the body. If electrodes are placed on the skin on the opposite sides of the heart, electrical potentials generated by the current can be recorded; this recording is known as an electrocardiogram. The normal ECG is composed of a "P" wave, “QRS` complex, and a T wave. The QRS complex is three separate waves`: the Q wave, the R wave, and the S` wave. The “P” wave is caused by electrical potentials generated when the atria depolarize. The QRS` complex is caused by potentials generated when the ventricles depolarize. Therefore, both the “P” wave and the components of the QRS` complex are depolarization waves. The T wave is caused by potentials generated as the ventricles recover from the state of depolarization. This process normally occurs in ventricular muscle for 0,25 to 0,35 second after depolarization and the T wave is known as a repolarization wave.

Electrocardiographic leads.

Three bipolar limb leads. The term “bipolar” means that the ECG is recorded from two electrodes located on different sides of the heart, in this case, on the limbs.

Lead I.

In recording limb lead I, the negative terminal of the electrocardiograph is connected to the right arm and the positive terminal to the left leg. 
Einthoven`s` triangle. In fig. 11, the triangle, called Einthoven`s triangle is drawn around the area of the heart. This illustrates that the two arms and the left leg form apices of a triangle surrounding the heart. The two apices at the upper part of the triangle represent the points at which the two arms connect electrically with the fluids around the heart, and the lower apex is the point at the left leg which connects with the fluids.
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Fig. 11. Einthoven`s triangle
Chest leads (precordiac leads)

Often ECG is recorded with one electrode placed on the anterior surface of the chest directly above the heart. Usually there are six standard chest leads recorded. The different recordings are known as leads V1, V2, V3, V4, V5 and V6. Each chest lead records mainly the electrical potentials of the cardiac musculature immediately beneath the electrode. 
Laboratory work

Work 1. Recording and analysis of electrocardiogram
Objective: to familiarize with the recording technique and the basics of analysis.
The object of the study: human
Equipment electrocardiograph, a 10% solution of sodium chloride.
Stages:
       1. Registration of ECG:
A) ground the electrocardiograph, include it in the network 220V;
B) the test subject is laid on the couch, apply electrodes in accordance with the adopted scheme for recording ECG from limb leads. When applying electrodes, use wipes moistened with saline solution;
C) record the calibration signal (1 mV = 10 mm);
D) record the ECG at 1, 2, 3 limb leads to a visual acquaintance, at minimum speed;
E) at the speed of 50 mm/s record the ECG in the 2nd lead for analysis.
2. The ECG analysis:
A) pay attention to the presence of waves, their severity (measure amplitude of P, R, T), orientation, shape, position;
B) measure the duration of intervals PQ, QRST, QRS, RR;
C) calculate the heart rate;
D) evaluate the systolic indicator.
Results: (electrocardiogram and table with data analysis)
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	The characteristics of the ECG in 2nd limb lead

	Orientation of teeth
The shape of teeth
Rhythm
	Normal
	The test

	
	
	

	
	
	

	
	
	

	The amplitude of the P wave
R
T
	0,50-0,25 mV
Of 0.6-1.5 mV
Of 0.3-0.6 mV0,12-0,21 s
0,06-0,09 s
0,32-0,40 s
	

	Heart rate
	60-80 min
	

	Systolic index
	About 40%
	


Conclusion:
Work 2. The study of reflex effects on the heart
Objective: to identify the nature of changes in cardiac activity in the exercise of reflexes Danini-Aschner and Goltz.
A. Reflex Danini-Aschner (eye-heart reflex)
The object of the study: human
Stages:
1. Count the pulse for 15 seconds.
2. Position the hands on the head and with your thumbs produce a gradually increasing, but not strong pressure on the eyeballs with closed eyes for 5-10s, then quickly stop the pressure.
3. Count the pulse for every 15 sec for 2 min.
Results:
Conclusion:
B. The Goltz reflex (the reflex on the heart from the abdominal cavity)
The object of study: the frog.
Equipment: dissecting set.
Stages:
1. Open the chest cavity of the frog, count the number of heartbeats for 10 seconds.
2 Apply a few strokes of the handle of the tweezers on the abdomen of a frog, count the number of heartbeats for 10 seconds.
3. Open the abdominal cavity of the frog, squeeze and pull with the tweezers stomach or intestinal loop, count the number of beats for 10 seconds.
Results:
Conclusion:
Work 3. Investigation of humoral influences on the activity of the heart
Objective: to identify the nature of changes of cardiac activity by the action of acetylcholine and adrenaline.
The object of study: isolated heart of the frog.
Equipment: cup, saline, solutions of acetylcholine (1:50000) and epinephrine (1:1000).
Stages: 
1. Place the heart in a cup with saline solution. Count the number of heartbeats for 10 seconds.
2. Add 1-2 drops of a solution of acetylcholine, count the number of beats for 10 seconds.
3. Change the solution, wait to a recovery the original rate, add 1-2 drops of adrenaline, count the number of beats for 10 seconds.
Results:
Conclusion:
Laboratory research 3

Overview of the circulation
Questions:
1. Physical characteristics of the blood circulatory system:

1) Functional parts of the circulation.

2) The laws of hemodynamics.

2. Blood pressure.

1) Pressure in the various portions of the circulation.

2) Clinical methods for measuring systolic and diastolic pressure.

3) Regulation of arterial pressure.

3. Arterial pressure pulsation.

4. Venous pressure pulsation.
5. The microcirculation.

1) Structure of the microcirculation and capillary system.

2) Average function of the capillary system.

3) Fluid filtration across capillaries.

6. Control of blood flow by the tissues.

1. Physical characteristics of the blood circulatory system.
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Fig. 12. Blood flows from the heart through arteries and into capillaries
	The circulation is divided into the systemic circulation and the pulmonary circulation (fig.12). The systemic circulation is called the greater circulation or peripheral circulation.

1) Functional parts of the circulation.

Arteries. The function of the arteries is to transport blood under high pressure to the tissues. The arteries have strong vascular walls. The arterioles are the last small branches of the arterial system. They act as control conduits through which blood is released into the capillaries. The arteriole has a strong muscular wall that can close the arteriole. 




The function of the capillaries is to exchange fluid, nutrients, electrolytes, hormones, and other substances between the blood and the interstitial fluid. The capillary walls are very thin and have numerous minute capillary pores. The venules collect blood from the capillaries, and they gradually coalesce into progressively larger veins. 
Veins. The veins function as conduits for transport of blood from the venules back to the heart. Because the pressure I the venous system is very low, the venous walls are thin. They are capable of constricting and enlarging and storing small or large quantities of blood and making this blood available when it is required by the remainder of the circulation. The peripheral veins can also propel blood forward by means` of a so-called venous pump. Every time one moves the legs, one tightens the muscles and compresses the veins in or adjacent to the muscles, and this squeezes the blood out of the veins. But the valves in the veins` are arranged so that the direction of venous blood flow can be only toward the heart. This pumping system is known as the “venous pump” or “muscle pump”. 
2) The laws of hemodynamics.

The volumetric rate of blood flow. Blood flow means the quantity of blood that press a given point in the circulation at a given period of time. 
	        P1-P2
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Q=

           R
	P1 and P2  - the pressure at the beginning and at the end of the vessels;

R – is resistance



	Resistance is the impediment to blood flow in a vessel, but it cannot be measured by any direct means.

        8 x l x ŋ
 R=

           P x r4
	r – is the radius of the vessel;

l – is length of the vessel;

ŋ – is viscocity of the blood.


The volumetric rate of blood flow does not change in different parts of the vascular system (fig.13).
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Fig. 13. Change in rate of blood flow (1), in lumens of blood vessels (2), and in blood pressure (3) in different sections of the vascular bed
The linear velocity of blood flow

	            Q

V=

        P x r2




Linear blood flow velocity changes in different parts of the vascular system. It progressively decreases as the blood passes through the aorta, then by through arteries of smaller diameter and arterioles. The speed drops to minimum in the capillaries. The speed progressively increases again in the veins.
2. Blood pressure.

1) Pressure in the various portions of the circulation (fig.14).

The arterial pressure alternates between a systolic pressure level of 120 mm Hg and a diastolic pressure level of 120 mm Hg and a diastolic pressure level of 80 mm Hg. As the blood flows through the systemic circulation, blood pressure falls progressively. The pressure in the systemic capillaries is about 17 mm Hg. The pressure of the venae cavae falls to about 0 mm Hg. In the pulmonary arteries the pressure is pulsatily, just as in the aorta, but the pressure level is far lower: pulmonary artery systolic pressure averages about 25 mm Hg and diastolic pressure 8 mm Hg. The pulmonary capillary pressure averages only 7 mm Hg. It is necessary to perform gas exchange function of the lungs.
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Fig. 14. Pressure in the various portions of the circulation.

2) Clinical methods for measuring systolic and diastolic pressure.

Instead, the clinician determines systolic and diastolic pressure by indirect means, usually by the auscultatory method. A stethoscope is placed over the antecubital artery and blood pressure cuff is inflated around the upper arm. As long as the cuff continues to compress the arm with too little pressure to close the brachial artery, no sounds are heard from the antecubital artery, no sounds are heard from the antecubital artery with the stethoscope. When the cuff pressure is great enough to close the artery during part of the arterial pressure cycle, a sound is heart with each pulsation. These sounds are called Korotkov sounds. The cuff pressure during the appearance of the first sound is considered as equal systolic. The cuff pressure after the cessation of sounds considered as diastolic.
The difference between these two pressures, about 40 mm Hg, is called the pulse pressure. Two major factors affect the pulse pressure:

· The stroke volume output of the heart 
· The compliance (total distensibility) of the arterial tree.

3) Regulation of arterial pressure.

Arterial pressure is regulated not by a single pressure controlling system but by several interrelated systems, each performing a specific function.

I. Autoregulation

When the pressure in the blood vessels becomes too high, they become stretched and keep on stretching more and more for minutes or hours; as a result, the pressure in the vessels falls toward normal. This is called stress-relaxation.

II. Nervous regulation of arterial pressure.
Nervous control of the circulation has more global functions, such as redistributing blood flow to different areas of the body, increasing or decreasing pumping activity by the heart, and especially, providing very rapid control of systemic arterial pressure. The nervous system controls the circulation almost entirely through the automatic nervous system.

In most tissue all the vessels except the capillaries, precapillary sphincters and metarterioles are innervated by sympathetic nerve fibers (sympathetic vasoconstrictors). Stimulation of sympathetic nerves leads to increased vascular resistance. Parasympathetic control plays only a minor role in regulation of the circulation. Sympathetic vasoconstrictor system and its control by the central nervous system. Vasomotor center (VMC) in the brain controls the vasoconstrictor system. It is located bilaterally mainly in the reticular substance of the medulla and of the lower third of the pons. This center transmits sympathetic impulses through the spinal cord and peripheral sympathetic nerves to virtually all arteries, arterioles, and veins of the body. There important areas are identified at the center. 
· A vasoconstrictor area. The neurons originating in this area distribute their fiber to all levels of the spinal cord, where they excite preganglionic vasoconstrictor neurons of the sympathetic nervous system.

· A vasodilator area. The fibers from these neurons project up ward to the vasoconstrictor area just described; they inhibit the vasoconstrictor activity in this area, thus causing vasodilation. 

· A sensory area. Signals from this area then help to control activities of both the vasoconstrictor and vasodilator areas.
Control of the vasomotor center by higher nervous centers. Neurons located throughout the reticular substance of the pons, mesencephalon and diencephalon can either excite or inhibit the vasomotor center. The neurons in the more lateral and superior portions of the reticular substance cause excitation, whereas the more medial and inferior portions cause inhibition. The hypothalamus can exert either powerful excitatory or inhibitory effects on the vasomotor center. The posterolateral portions of the hypothalamus cause mainly excitation, whereas the anterior portion can cause either mild excitation or inhibition. 
Stimulation of the motor cortex anterior temporal lobe, the orbital areas of the frontal cortex, the anterior part of the cingulate gyrus, the amygdala, the septum, and the hippocampus can all either excite or inhibit the vasomotor center, depending on the precise portions of these areas that are stimulated and on the intensity of stimulus. The baroreceptor arterial pressure control system – baroreceptor reflexes. By far one of the best known nervous mechanisms for arterial pressure control is the baroreceptor reflex. This reflex is initiated by baroreceptor or pressoreceptors, located at specific points in the walls of several large systemic arteries. Baroreceptors are extremely abundant in the carotid sinus and the wall of the aortic arch. Impulses from baroreceptors progressively increase when the pressure is high. The baroreceptor signals inhibit the vasoconstrictor center of the medulla. The net effects are vasodilation of the veins and arterioles throughout the peripheral circulatory system. Therefore, excitation of the baroreceptors reflexly causes the arterial pressure to decrease because of a decrease in peripheral resistance. Conversely, low pressure has opposite effects.
Humoral control of the arterial pressure.
Humoral control of the arterial pressure means control by substances secreted or absorbed into the body fluids.

The renin-angiotensin system (fig.15).

Renin is a protein enzyme released by the kidneys. Renin is synthesized and stored in an inactive form called prorenin in the juxtaglomerular cells (JG cells) of the kidneys. The JG cells are modified smooth muscle cells located in the walls of the afferent arterioles immediately proximal to the glomeruli. Renin acts enzymatically on another plasma protein, angiotensinogen, to release a 10-amino acid peptide, angiotensin 1. Two amino acids are split from the angiotensin 1 to form the 8-amino acid peptide angiotensin 2. This conversion occurs almost entirely in the lungs while the blood flows through the small vessels of the lungs, catalyzed by an enzyme called converting enzyme that is present in the endothelium of the lung vessels. 
Angiotensin 2 is an extremely powerful vasoconstrictor. It also lengthens (prolongs) the action of the sympathetic agents and increases the production of aldosterone. This is a hormone of the adrenal cortex. It enhances water reabsorption by the kidneys. All this leads to pressure increasing.
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Fig. 15. The renin-angiotensin system.

Vasoconstrictor agents.

Norepinephrine and epinephrine. Norepinephrine is an especially powerful vasoconstrictor hormone. The effect of epinephrine depends on its concentration in the blood. Epinephrine in small concentration causes the resistance of vessels extension in skeletal muscle (β-epinephrine effect). In high concentration it increases the resistance of vessels extension. 

Vasopressin, also called an antidiuretic hormone, is a vasoconstrictor. It is formed in nerve cells in the hypothalamus of the brain but then is transported downward by nerve axons to the posterior pituitary gland, where it is finally secreted into the blood. Vasopressin has a major function to greatly increase water reabsorption from the renal tubules back into the blood. This leads to an increase in circulating blood volume. 
Endothelin – a powerful vasoconstrictor in damaged blood vessels. This substance is present in the endothelial cells of all or most blood vessels. The usual stimulus for release is endothelium damage. 
3. Arterial pressure pulsation.
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Fig. 16. Sphygmogram (ab – anacrota, bc – incisura, cd – microtechnique rise, de – the decaying limb)

Arterial pressure pulsation is recorded on all arterial vessels. The curve of the arterial pulse is called sphygmogram. Fig. 16. sharp upstroke and slow rise to peak.

Incisura and microtechnique rise on the curve of the period of exile and closing of the semilunar valves. The decaying limb occurs at the end of the protodiastolic period.

4. Venous pressure pulsation.

The pressure in the right atrium is called the central venous pressure. Right atrial pressure is regulated by a balance between (1) the ability of the heart to pump blood out of right atrium and ventricule into the lungs and (2) the tendency for blood to flow from the peripheral veins into the right atrium. 

The normal right atrial pressure is about 0 mm Hg, which is equal to the atmospheric pressure around the body. Venous pulse register on venae cavae. Curve venous pulse is called phlebogram (fig.17).
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Fig. 17. Phlebogram.

On the curve venous pulse we distinguish three waves. Wave “a” occurs in the systole of the ventricles. Wave “c” reflects fluctuations in the adjacent carotid artery. Wave “v” occurs in diastole when filling the heart with blood.
5. The microcirculation. 

The most purposeful function of the circulation occurs in the microcirculation: this is transportation of nutrients to the tissues and removal of cell excreta. 

1) Structure of the microcirculation and capillary system.

The microcirculation of each organ is organized specifically to meet the organs needs. In general, each nutrient artery entering an organ branches six to eight times before the arteries become small enough to be called arterioles, which generally have internal diameters of only 10 to 15 micrometers. Then the arterioles themselves branch two to five times, reaching diameters of 5 to 9 micrometers at their ends where they supply blood to the capillaries. The arterioles are highly muscular, and their diameters can change many fold. The meta arterioles (the terminal arterioles) do not have a continuous muscular coat, but smooth muscle fibers encircle the vessel at intermittent points. 
At the point where each true capillary originates from a metarteriole, a smooth muscle fiber usually encircles the capillary. This is called the precapillary sphincter. This sphincter can open and close the entrance to the capillary. The venules are larger than the arterioles and have a much weaker muscular coat.

Structure of the capillary wall. The wall is composed of a unicellular layer of endothelial cells and is surrounded by a very thin basement membrane on the outside of the capillary. In the membrane of the capillaries there are pores. The cleft normally has a uniform spacing with a width of about 6 to 7 nanometers. It is slightly smaller than the diameter of an albumin protein molecule. Many minute plasmalemma vesicles are also present in the endothelial cells. These vesicular forms of transport are quantitatively of little importance.
2) Average functions of the capillary system.

Capillary exchange of water, nutrients and other substances between the blood and interstitial fluid. By far the most important means by which substances are transferred between the plasma and the interstitial fluid is diffusion. Lipid-soluble substances can diffuse directly through the cell membranes of the capillary endothelium. Such substances include oxygen and carbon dioxide. Water-soluble (non-lipid-soluble) substances diffuse only through intracellular “pores” in the capillary membrane. Such substances include water molecules sodium ions, chloride ions, and glucose. The size of the molecules and the difference of concentration of a given substance on both sides of the membrane affect the rate of diffusion.
3) Fluid filtration across capillaries.

The hydrostatic pressure in the capillaries tends to force fluid and its dissolved substances through the capillary pores into the interstitial space. Conversely, osmotic pressure caused by the plasma proteins (called colloid osmotic pressure) tends to cause fluid movement by osmotic from the interstitial spaces into the blood (fig.18).
Four primary hydrostatic and colloid osmotic forces determine fluid movement through the capillary membrane. 
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Fig. 18. Fluid filtration across capillaries.

These forces, called “Starling forces” in honor of the physiologist who first demonstrated their importance, are:

1) The capillary pressure (Pc), which tends to force fluid outward through the capillary membrane.

2) The interstitial fluid pressure (Pif), which tends to force fluid inward through the capillary membrane when Pif is positive and outward when Pif is negative.

3) The capillary plasma colloid osmotic pressure (Op), which tends` to cause osmosis of fluid inward through the capillary membrane. 

4) The interstitial fluid colloid osmotic pressure (Oif) which tends to cause osmosis of fluid outward through the capillary membrane.

If the sum of these forces making up filtration pressure, is positive, there will be a net fluid filtration across the capillaries. If the sum of the starling forces is negative, there will be a net fluid absorption from the interstitial spaces into the capillaries. The net filtration pressure (NEP) is calculated as:

NEP = Pc – Pif – Op + Oif

The NEP is slightly positive under normal conditions, resulting in a net filtration of fluid across the capillaries into the interstitial space in most organs.

6. Control of blood flow by the tissues.

Local blood flow control can be divided into two phases:
1) Short-term control and 2) long-term control. Short-term control is achieved by rapid changes in local vasodilatation or vasoconstriction of the arterioles, metarterioles, and precapillary sphincters, occurring within second to minutes to provide very rapid maintenance of appropriate local tissue blood flow.

Long-term control, however, means slow, controlled changes in flow over a period of days, weeks, or even months. In general, these long-term changes provide even better control of the flow in proportion to the needs of the tissues. These changes come about as a result of an increase or decrease in the physical sizes and numbers of actual blood vessels supplying the tissues.
There are two basic theories for the regulation of local blood flow when either the rate of tissue metabolism changes or the availability of oxygen changes. They are 1) the vasodilatory and 2) the oxygen lack theories.

The vasodilatory theory. According to this theory, the greater is the rate of metabolism or the less the availability of oxygen or some other nutrients to a tissue, the greater is the rate of formation of vasodilatory substances in the tissue cells. Some of the different vasodilatory substances that have been suggested are adenosine, carbon dioxide, adenosine phosphate compounds, histamine, potassium ions, and hydrogen ions. The oxygen lack theory for local blood flow control. A number of physiologists support the so-called oxygen lack theory (the nutrient lack theory, because other nutrients besides oxygen are involved). A smooth muscle requires oxygen to remain contracted, one might assume that the strength of contraction of the sphincters would increase with an increase in oxygen concentration. Consequently, when the oxygen concentration in the tissue rises above a certain level, the precapillary and metarteriole sphincters presumably would close until the tissue cells consume the excess oxygen. But when the excess oxygen is gone and the oxygen concentration falls low enough, the sphincters would open to begin the cycle again.
Laboratory work

Work 1. Blood pressure measurement in humans by the method of Riva-Rocci
Objective: to learn the technique of measuring blood pressure by palpation method of Riva-Rocci, to correlate the obtained results with the norm.
The object of the study: human.
Equipment: sphygmomanometer.
Stages:
1. The test subject sits down. Put at his naked shoulder the cuff so that it will fit tightly over the shoulder, but not tight tissues. The tube of cuff connect with the sphygmomanometer.
2. Palpate the pulse at the radial artery, pump up the air in the cuff up to its disappearance.
3. Slowly release air from the cuff and note the pressure when pulse appears.
Results: (the values of systolic pressure)
Conclusion:
Work 2. Blood pressure measurement in humans by the method of Korotkov
Objective: to master the auscultatory method of blood pressure measurement by Korotkov’s method, to correlate the obtained results with the norm.
The object of the study: human.
Equipment: sphygmomanometer, phonendoscope.
Stages:
1. The test subject sits down. Put at his naked shoulder the cuff and connect it with the sphygmomanometer.
2. Set the phonendoscope in the cubital fossa over the brachial artery.
3. Create the pressure in the cuff above the estimated systolic pressure.
4. Slowly release air from the cuff, and listen to the Korotkov’s tones. Note pressure, when tones appear and disappear.
Results: (the values of systolic and diastolic pressure)
Conclusion:
Work 3. The study of the pulse
Objective: to master the technique of palpation of the pulse and to know its main characteristics.
The object of the study: human
Stages:
Four fingers of the right hand place on the wrist on the projection of the radial artery and assess: 
A) pulse rate by counting the number of oscillations for 15 s;
B) rhythm by triple counting the number of oscillations for 15 seconds;
B) degree of filling by the amplitude of the vibration;
G) the degree of stress by the force with which you need compress the artery to stop the oscillations;
D) speed by rise and fall times of the pulse wave.
Results:
	The pulse characteristics
	The evaluation of the pulse

	Frequency (beats/min)
Rhythm (beats/15 s)
Filling
Voltage
The speed
	


Conclusion:
Laboratory research 4
Questions to the Colloquium
1. Excitability of a cardiac muscle

2. Contractility of a cardiac muscle

3. Conductivity of a cardiac muscle

4. Automaticity 
5. Self-regulation of heart work

6. Nervous regulation of heart work

7. Heart reflexes.

8. Humoral influences on heart work

9. The cardiac cycle

10. Tones of heart. Phonocardiography.

11. Electrocardiography.
12. Physical characteristics of the blood circulatory system:

1) Functional parts of the circulation.

2) The laws of hemodynamics.

13. Blood pressure.

1) Pressure in the various portions of the circulation.

2) Clinical methods for measuring systolic and diastolic pressure.

3) Regulation of arterial pressure.

14. Arterial pressure pulsation.

15. Venous pressure pulsation.

16. The microcirculation.

1) Structure of the microcirculation and capillary system.

2) Average function of the capillary system.

3) Fluid filtration across capillaries.

17. Control of blood flow by the tissues.

Laboratory research 5 

Breath physiology
Questions:

1. Breath definition. Breath stages.

2. Mechanism of breath and exhalation.

3. Pressure in a pleural cavity. Pheumothorax.

4. Pulmonary volumes. Spirometry, spirography, pneumotachography.

5. Composition of the inhaled, exhaled and alveolar air.

6. Gas exchange in lungs.

7. Blood transport of gases.

8. Gas exchange in tissue.

9. Respiratory center (Rhythm generator). Automaticity  of the respiratory center. 
10. Protective respiratory reflexes.

11. Physiology of airways.

1. Breath definition. Breath stages.

Breath is a process as a result of which the organism receives oxygen and emits carbon dioxide. We distinguish five stages of breath. 1. Exchange of gases between environment and alveoluses of lungs. 2. Exchange of gases between alveoluses and blood. Gas exchange in lungs. 3. Blood transport of gases. 4. Gas exchange in tissue. 5. Actual tissue respiration.
2. Mechanism of breath and exhalation.

At a breath of and ribs rise outside and upward. The dome of a diaphragm s flattened. Lungs follow the thorax increasing in volume. It occurs because between an external surface of lungs and an internal surface of a thorax there is a pleural cavity. Pressure in this cavity is lower than a mercury column at 6-9 mm. The exhalation occurs passively. At the same time the dome of a diaphragm rises and ribs fall. The volume of a thorax decreases (fig.19).
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Fig. 19. Mechanism of breath and exhalation
3. Pressure in a pleural cavity. Pneumothorax.
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Fig. 20. Pulmonary pressure

The pleural cavity is formed by visceral and parietal pleura. Negative (below atmospheric) pressure in this cavity is caused by elastic draft of a lung and a superficial tension of surfactant. Elastic draft is caused by elasticity of pulmonary fabric and directed to a lung root (fig.20). Surfactant is a proteinaceous and lipidic complex. If pressure in a pleural cavity becomes equal to atmospheric (for example, at an injury) there is pneumothorax. At the same time lungs are tightened to a root and cease to participate in breath.

4. Pulmonary volumes. Spirometry, spirography, pneumotachography.

Respiratory volume (RV) is the amount of air coming to lungs at a quiet breath and leaving lungs at a quiet exhalation (fig.21). The reserve volume of breath (RVb) is amount of air coming to lungs after quiet at a deep breath. The reserve volume of an exhalation (RVe) is amount of air leaving lungs after quiet at a deep exhalation. Vital capacity of a lung. It is the sum
RV+ RVb+ RVe=VCL

All these pulmonary volumes can be determined by a lung-tester. Residual air is air which remains in lungs after the deepest exhalation. It isn`t defined by means of a lung-tester.
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Fig.21. Pulmonary volumes
5. Composition of the inhaled, exhaled and alveolar air.

	
	O2 oxygen
	CO2 carbon dioxide
	N2 nitrogen

	Inhaled air
	20.94 %
	0.03 %
	79.03 %

	Exhaled air
	16.3 %
	4 %
	79.7 %

	Alveolar air
	14.2 %
	5.2 %
	80.6 %


Oxygen in the exhaled air is more than in alveolar air since at an exhalation air of pneumatic ways added to alveolar air.

6. Gas exchange in lungs.

Gas exchange in lungs is an exchange of gases between alveoluses and blood.
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Fig. 21. Gas exchange in lungs
Driving force of gas exchange in lungs is the difference between the partial pressure of gases (oxygen and carbon dioxide) in alveoluses and the partial tension of the same gases in blood. On Fick`s` formula the mass of diffuse gas is directly proportional to a difference of partial pressure, the area of diffusion and is inversely proportional to thickness of aerohematic barrier. 
	           ΔPxS

m=                     x K

              t
	K is a diffusion coefficient which depends on ability of this gas to be dissolved in membrane structures.


7. Blood transport of gases.
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Fig. 20. Oxyhemoglobin dissociation curve.
	Blood transport of oxygen. Oxyhemoglobin dissociation curve (fig.20). 

Oxygen is transferred by blood in two forms: in physical dissolution and in the form of oxyhemoglobin

                  [Hb(O2)4]

S`= 

             [Hb] + [Hb (O2)4]

Oxyhemoglobin dissociation curve shows that the main condition of development and dissociation of oxyhemoglobin is the partial tension of oxygen in blood.


8. Gas exchange in tissue.

Blood transport of carbon dioxide (fig.21).
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Fig. 21. Blood transport of carbon dioxide.

Oxygen comes to tissue. Carbon dioxide comes out of tissue. One part of it is just dissolved in blood. It is the first form of transport of carbon dioxide. The other part of carbon dioxide comes to an erythrocyte and contacts hemoglobin. Carbohemoglobin is formed. It is the second form of transport. In erythrocytes carbon dioxide contacts water forming an coal acid. Reaction is catalyzed by enzyme of a carbanhydrase. Coal acid dissociates on ions H+ + HCO3-. HCO3- leaves an erythrocyte and forms bicarbonates of sodium and potassium in plasma. It is the third form of transport. In plasma there is also a reaction CO2+H2O↔H2CO3. The coal acid which is formed at the same time is the fourth form of transport. 
9. Respiratory center (Rhythm generator). Automaticity  of the respiratory center. 
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Fig.22. Pneumotaxic center
	Regulation of breath is an ability of pulmonary ventilation to adapt to features of a metabolism of an organism. The respiratory movements are caused by group of neurons in a medulla. These neurons process rhythmic activity. Inspiratory neurons (active at an exhalation) are found (fig.22). These neurons form the generator of a rhythm or the respiratory center. The dorsal group of neurons in a medulla sets a respiratory rhythm at quiet breath. The ventral group of neurons in a medulla joins at the forced breath. Respiratory structures of the pons varolii (pneumotaxic center) regulate the frequency and depth of breath. Inhibitory neurons of dorsal group are excited also at the expense of impulses from receptors of stretching of lungs. 




The deeper is breath, the more is impulsation from these receptors, the stronger is inhibition of the neurons. “The breath prepares its own end-an exhalation”. The termination of breath in response to stretching of lungs is called Goering`s` reflex-Breyer.

Regulation of breath happens on negative feedback. For example, at accumulation of carbon dioxide ventilation of lungs amplifies and excess of carbon dioxide is removed. This mechanism involves three factors:
· Partial pressure of carbon dioxide in arterial blood (normal makes 40 mm of a mercury column);

· Partial pressure of oxygen in arterial blood (normal makes 10 mm of a mercury column);

· Blood arterial pH (normal makes 7.40).
The strongest stimulator of breath is to increase of partial pressure carbonic gas (hypercapnia), then decrease pH (acidosis), then decrease in partial pressure of oxygen (hypoxia).

The receptors perceiving Pco2 and pH are in a medulla (the central hemoreceptors).
· The second mechanism – the advancing regulation- at the same time ventilation amplifies even before accumulation of CO2 (for example, at the beginning of muscular work) and the voluntary regulation, when the person consciously changes a respiratory rhythm – at the speech, singing. It occurs under the direct control of respiratory muscles from bark through corticospinal paths (bypassing the respiratory center)
10. Protective respiratory reflexes.

· Coughing reflex. It is started from receptors of a throat, a trachea, bronchial tubes. The center of cough is located in a medulla (core of the tenth couple and departments of the respiratory center). Three-phase reaction is started in efferent reticulospinal ways to motorneurons of respiratory muscles and on fibers vagus to throat muscles.
1) deep breath;

2) the forced breath at the closed true glottis;

3) sudden opening true glottis.

· Sneezing reflex. It is started from receptors mucous a nose. The center of sneezing in a medulla of the cerebral nerve and departments of the respiratory center unites cores of the fifth, tenth couples. So three-phase effector reaction is the same as in case of cough.
11. Physiology of airways.

In airways (dead space) there is a clarification, moistening and warming of the inhaled air.
Laboratory work

Work 1. Spirometry
Objective: to investigate the characteristics of external respiration, to give an opinion on the conformity of the received data to the existing standards.
The object of the study: human
Equipment: a water spirometer or volume spirometer, dry spirometer, alcohol, cotton wool.
Stages:
1. Evaluation of vital capacity of the lungs:
A) set a spirometer so that the baseline corresponded to 0. When using dry spirometer, combine 0 on the scale to the arrow.
b) after taking a maximum deep breath from the surrounding air, make the maximum exhalation into the spirometer;
B) note the level corresponding to the VC value.
2. Evaluation of inspiratory reserve volume:
A) fill the spirometer wtih air to the level of 4 L;
B) after quiet inhalation from the surrounding air, make the maximum inhalation from the spirometer. Calculate the inspiratory reserve volume as the difference of the first and second readings of the spirometer.
Note: not evaluate IRV with volumespirometer.
3. Evaluation of expiratory reserve volume:
After a quiet exhalation in the environment, make the maximum exhalation into the spirometer.
4. Evaluation of breathing capacity:
Exercise 5 alternating inhalations from the surrounding air and exhalations into the spirometer. Evaluate the mean value of breathing capacity (BC).
5. The calculation of the ratio of pulmonary ventilation: 

RPV = (BC – harmful air space) / (residual air + ERV)
Results:
	BC
	IRV
	ERV
	Their sum
	VC

	
	
	
	
	


Conclusion:
Work 2. Pulmonary function. Volumes and Capacities
Objective: to observe experimentally, record and calculate selected pulmonary volumes and capacities.
The object of the study: human
Equipment: BIOPAC Student Lab, alcohol, cotton wool.
Stages:
1. Validate Calibration. Cycle the AFT6 syringe plunger in and out completely 5 times (10strokes)
2. Click Record. Breathe normally forn5 breaths. Inhale as deeply as you can. Exhale as deeply as you can. Breathe normally for 5 breaths.

Results:
Review the measurements described in the introduction to identify the appropriate selected area for each: total lung capacity, tidal volume, inspiratory reserve volume, expiratory reserve volume, vital capacity, expiratory capacity, inspiratory capacity, functional residual capacity, residual volume

Conclusion:
Work 3. Respiratory cycle
Objective: to record and measure ventilation utilizing pneumograph and air temperature transducers.
The object of the study: human
Equipment: BIOPAC Student Lab, alcohol, cotton wool.
Stages:
1. Validate Calibration. Subject should sit in a relaxed state, breathing normally.

2. Click Record. Record for 15 sec.

3. Subject hyperventilates for 30 sec. then recovers from hyperventilation for 30 sec.

4. Subject hypoventilates for 30 sec. then recovers from hyperventilation for 30 sec.

5. Have subject cough once and then begin reading aloud.
Results:
Using the I-Beam cursor, select the area of inspiration, expiration, interval between the maximal inspiration and max temperature change in each data segment
Conclusion:
Laboratory research 6
Questions to the Colloquium
1. Breath definition. Breath stages.

2. Mechanism of breath and exhalation.

3. Pressure in a pleural cavity. Pheumothorax.

4. Pulmonary volumes. Spirometry, spirography, pneumotachography.

5. Composition of the inhaled, exhaled and alveolar air.

6. Gas exchange in lungs.

7. Blood transport of gases.

8. Gas exchange in tissue.

9. Respiratory center (Rhythm generator). Automaticity  of the respiratory center. 
10. Protective respiratory reflexes.

11. Physiology of airways.

Laboratory research 7

Digestion physiology. Digestion in a mouth and in a stomach
Questions:

1. Digestion as the main component of functional system on maintenance of level of nutritious in an organism.

2. Digestion types.

3. Research methods of digestive tract functions.
a) In experiment

b) In clinic

4. Digestive tract innervation.

5. Digestion in a mouth. Structure and properties of salvia.

6. Swallowing.

7. Digestion in a stomach. Composition of gastric juice.

8. Phases of gastric secretion.

1. Digestion as the main component of functional system on maintenance of level of nutrition in an organism.

Digestion is splitting. Proteins are split to amino acids, fats – to glycerin and fatty acids, carbohydrates – to glucose and fructose. The digestive tract (DT) consists of a series of muscular cylinders which are covered by an epithelium. The mouth, throat, gullet, stomach, thin and thick intestines, a rectum, an anus are located one after another. Endocrine glands: salvia glands, gastric glands, pancreas, bilious system of a liver and crypt of a small and large intestine are attached to them (fig.23).
	

Cerebral cortex

Limbic system 

Hypothalamus 

Medulla 








Fig. 23. Functional system (FS`) on maintenance of nutrient level in blood

The backbone factor is the level of nutrients in an organism which has becomes below the norm. It is “learned” by receptors and they transfer information to structures of the central architectonics (medulla, hypothalamus, limbic system, cerebral cortex). The orders to working bodies are formed here. The main performer is the digestive tract. Absorption of products of food components splitting begins already in the stomach. The main absorption happens is a small intestine. As a result the level of nutrients increases. The useful adaptive result is achieved. Receptors “report” about the achievement in structures of the central architectonics and this functional system stops the existence till the next moment of emergence of a backbone factor.
Thus, digestion is the FS` main component on maintenance of nutrient level in an organism.

2. Digestion types.

Digestion can be intracellular and extracellular. The person has intracellular digestion only in leukocytes. Extracellular digestion happens to be band and parietal (membrane). Band digestion happens in all departments of a digestive tract. Parietal digestion is only in small intestine. On a source of digestive juice digestion can be autolytic, symbiotic and genuine. At autolytic digestion digestive enzymes arrive together with food. The reason is breast feeding. At symbiotic digestion a source of digestive enzymes is symbionts (cohabitants). They are bacteria. They live in a large intestine. At genuine digestion a source of digestive  enzymes is the macroorganism.
3. Research methods of digestive tract functions.

a) In the experiment for studying of the DT functions the fistula technique is used. The fistula is an opening which is imposed on a stomach. Pancreatic ducts, bile-duct, intestine loop lumen at the same time are brought to an abdominal cavity and it gives the chance to receive the corresponding secrets for research.
b) In clinic for research of the gastrointestinal tract functions of a person we use gastric searcher methods. It is a fibrogastroduodenoscopy (the gastric searcher is entered per os and researches the upper departments of a DT), a colonoscopy (the intestinal searches is entered per rectum and researches underlying departments of a DT). Also coprology is used (studying of structure the fecal masses), enzyme, blood analysis, methods of a computerized tomography.
4. Digestive tract innervation.

Gastrointestinal tract gastroenteric nervous system (fig.24). It includes bodies of neurons which lie in a wall digestive tubes and form full reflex arches. These reflex arches can work without CNS` influence. We distinguish two big plexux: intermuscular (Auerbach`s` plexux, plexux myentericus). It is located between layers of longitudinal and ring muscles and proceeds along all gastrointestinal tract. The second one`s submucous nervous plexus (Meyssner`s` plexux, plexux submucosus). It lies in a submucous layer. Both plexuses innervate a smooth, blood vissels and cells of an epithelium of a digestive tube.
Value of own nervous system of a gastrointestinal tract is visible on the example of illness of Girshprung – congential defect of both plexuses. Babies with this pathology aren`t capable of empting an intestine independently. The gastrointestinal tract innervation is also carried out by means of a vegetative nervous system (a parasympathetic a sympathetic innervation – efferent nerves) and a visceral afferent innervation. Parasympathetic preganglionic fibers comes in structure n.vagus from a medulla and as a part of pelvic nerves from sacrum department of a spinal cord. The parasympathetic system sends fibers to exciting and inhibitory cells of an intermuscular nervous plexus. Preganglionic sympathetic fibers begin from cells in side horns of sternal-lumbar department of a spinal cord. Their axons innervate blood vessels and approach cells of nervous plexuses, inhibiting their exciting neurons.

Visceral afferent begin in a wall of a gastrointestinal tract and as a part of the n.vagus, n.splanchnice and n.pelvici go to a medulla, sympathetic ganglia and a spinal cord.
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Fig. 24. The innervation of the gastrointestinal tract.
5. Digestion in a mouth. Structure and properties of saliva.

In a mouth the nutrition is split, moistened and there is an initial stage of splitting of carbohydrates with the participation of a saliva amylase (fig.25).
Saliva is formed in three larger paired rooms glands: parotid gland, submandibular gland, sublingual gland and in glands mucous checks, a palate and a pharynx. 
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Fig. 25. Digestive tract

Salvia is formed in two stages. At first lobes of sialadens make the isotonic primary saliva similar to the structure of blood plasma. At the second stage during passing across the removing canals of gland its ionic structure changes. pH saliva changes from subacidic to alkalescent. Salivation is regulated by CNS`. The center of salivation is in medulla. The salivation reflex under the influence of smell and taste of food is stimulated. Big salivary glands have a sympathetic and parasympathetic innervation. At increase of a tone of sympathetic nerves it is allocated with a little viscous and rich organic substance of saliva. At increase of a tone of parasympathetic nervous a lot of liquid saliva is emitted.

6. Swallowing.

Chewing and initial phase of swallowing are carried out by skeletal musculature (fig.26). The center of swallowing is located in a medulla. The innervation is provided with the trigeminal, glossopharyngeal and vagus nervous. The food lump is forced back by the tongue that starts a swallowing reflex through mechanoreceptors. The lump gets into a throat, the nasal cavity and airways are reflexively closed. Stretching of the top part of a gullet starts a peristaltic reflex which promotes the food down. Both ends of a gullet have sphincters: upper and lower. The lower sphincter protects mucous of a gullet from gastric juice.
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Fig. 26. Phases swallowing
7. Digestion in a stomach. Composition of gastric juice.

The gastric juice is produced by stomach glands, located in its mucosa (fig.27). The main cells secrete pepsinogens. These are proteases, proteolytic. Acid cells secret the hydrochloric acid and Kastl`s` factor. Roles of the hydrochloric acid. It
· activates pepsinogen, turns it into pepsin;

· possesses bactericidal action;

· promotes opening of a pyloric sphincter;

Kastl`s` factor is a B12 vitamin carrier. Mucoid cells produce slime (mucin).
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Fig. 27. Digestive juice

8. Phases of gastric secretion.
A small amount of a gastric juice is developed at rest. It is basal secretion. At meal there is a stimulated secretion. 

We allocate three phases there (fig.28):

I. Complex-reflex (cerebral) phase. In this phase the gastric juice is allocated at a sight and flavor of food and at getting food into a mouth. It is appetite juice.

II. Gastric phase of gastric secretion begins with the moment of getting of a food lump into a stomach. It includes nervous and humoral components. 

Nervous component: the food lump irritates the stomach mechanoreceptors. An impulse from them comes to a medulla to cores of a vagus and to intramural nervous plexuses. From there impulses go to a stomach. The terminations of these nerves allocate acetylcholine which strengthens secretion of the hydrochloric acid and pepsinogen. 

Humoral component: at getting of a food limp into a stomach a hormone gastrin is emitted. It contacts the receptors on the acid cells and strengthens the secretion of hydrochloric acid. Hormone gastron, on the contrary, slows down the secretion of hydrochloric acid.

III. Intestinal phase of gastric secretion. It begins with the moment of a chymus getting into intestinal. This phase also includes nervous and humoral components. Thus, there is mainly inhibition of gastric secretion. 

Nervous component: the chymus irritates mechanoreceptor of intestine and an impulse comes to a medulla to cores of a vagus and intramural ganglion. From them impulses come to a stomach to fundic glands.

Humoral component: getting of a chymus into a duodenum gut stimulates allocation of secretin and enterogastrone which slow down secretion of hydrochloric acid.
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Fig. 28. Three phases of innervation

Laboratory work

Work 1. Enzymatic properties of saliva in humans.
Objective: Demonstration of substrate specificity of salivary amylase
The object of the study: human
Equipment: multimedia 
Stages: 

Salivary amylase is mixed with three carbohydrates with different structures. The Trommer reaction for the identification of monosaccharides is performed and the red color which appears at the end of the reaction proves that only starch is decomposed by the enzyme.
Results:
Table

	Type of carbohydrates 
	Salivary amylase
	Temperature 
	The Trommer`s Reaction (CuSO4+NaOH)

	Starch
	
	
	

	Sucrose
	
	
	

	Cellulose
	
	
	


Conclusion: Salivary amylase is a glycolytic enzyme whose characteristic substrates are represented by starch and glycogen. It`s activity is enchanced by the Cl- ion and it is the most efficient at a temperature of 37-38 C and slightly alkaline pH (7.5-8)
Work 2. Reflex salivation. 
Purpose: to master the method used for mass research of summary salivation in humans, to mention hard-reflexive nature of the work of the salivary glands in humans.
The content of the work: in the oral cavity with gauze collect saliva released in 2 minutes at rest, with breath delay, with telling about the sliced lemon, when kneading cranberries in the bowl. Wipes impregnated with saliva are weighed.
Results: regulation of salivation is subject of conditioned and unconditioned reflex influences.

Work 3. The influence of pH on the action of pepsin.
Objective: Demonstration of the influence of pH on the efficiency of pepsin
The object of the study: human
Equipment: multimedia 
Stages: Incubation of ovalbumin and pepsin at 38C, for 3 hours, with and without hydrochloric acid, estimating the degree of protein digestion (dimensions of ovalbumin fragments)
Results:
Table
	Experiment 
	Temperature 
	Answer 

	Ovalbumine+pepsin+H2O
	
	

	Ovalbumine+pepsin+HCl
	
	

	Ovalbumine+pepsin+HCl+H2O
	
	


Conclusion: Pepsin is a proteolytic enzyme which is synthesized as inactive pepsinogen by the main cells of the gastric glands. Pepsinogen is turned into active pepsin when pH is lower than 5
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Digestion physiology. Digestion in intestines. A role of a pancreas and liver in digestion. Motility of gastrointestinal tract (GIT). Absorption in various departments of a GIT.
Questions:

1. Structure and properties of pancreatic juice. Regulation of pancreatic secretion. 

2. Liver role in digestion.

3. Digestion in a nestis and ileum. 

4. Secretion of intestinal juice, its structure, properties, secretion regulation.

5. Digestion in a colon.

6. Motility of a stomach. Evacuation of gastric contents in intestines.

7. Motility of small and thick intestine.

8. Absorption in various departments of a digestive tract.
1. Structure and properties of pancreatic juice. Regulation of pancreatic secretion. 

Pancreatic juice has alkaline reaction due to bicarbonates (pH – pondus hydrogenii from 8 to 8.3). Enzymes are a part of pancreatic juice – proteolytic (trypsinogen, chemotrypsinogen, elastase, procarboxypeptidase A and B). They are developed by gland in an inactive form and activated only in a duodenum gleam by enzyme of enterokinase.

· Lipase, splits fats;

· Amylase (amylolytic enzyme), splits amylum and glycogen.

Regulation of pancreatic secretion (fig.29-30).

· Nervous (vagus strengthens secretion, sympathetic nerves block it).

· Humoral (hormones secretin and pancreozymin)
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Fig. 29. Pancreatic Juice and Bile are Secreted Into the Duodenum
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Fig. 30. Regulation of Pancreatic Juice Secretion

2. Liver role in digestion.

Liver produces and releases bile (fig.31). Components of bile secretin hepatocytes and epithelial cells come into bilious channels. Out of digestion process bile gathers in a gall bladder. In the course of digestion bile sphincter is removed through Odi`s` in a duodenum. One liter of bile is allocated per a day. The bile includes bilious acids. They emulsify fats, participate in absorption the long-chain of fatty acids. 
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Fig. 31. Liver role in digestion
Also cholesterine, bilirubin, bicarbonates are a part of the bile. pH of bile is equal to seven point eight. Bilious acids from intestines are soaked up in blood, through a portal vein come back to a liver and there they secrete into bile again. It is a hepatoenteric circulation.

Bile secretion regulation.

· Secretion by hypatocytes (parenchymal) depends on concentration of bilious acids in blood of a portal vein.

· Ductal secretion is stimulated by hormone secretin. 

3. Digestion in a nestis and ileum.
In a small intestine there are two types of digestion: abdominal digestion and parietal digestion. Abdominal digestion happens in a gut cavity with the participation of enzymes of pancreatic juice, intestinal juice and bile. At the same time polymers of food are split to oligomer (fig.32). 

Parietal digestion happens with the participation of enzymes of intestinal juice on a brush border of a small intestine. At the same time oligomers are split to monomers and monomers are absorbed up. 
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Fig. 32

Fig. 32. Nestis and ileum
4. Secretion of intestinal juice, its structure, properties, secretion regulation.

Components of intestinal juice are produced by Brunnerov and Lieberkuhn glands, enterocytes, epitheliocytes and beaker cells. In a small intestine there is a final digestion and absorption of food.
Enterokinase, peptidase (the leucine amino-peptidase, nuclease and others split peptides to amino acid), amylase, lactase, sucrose, maltose, lipase are a part of intestinal juice. Cations and anions are also a part of intestinal juice. Intestinal juice pH is from 7.8 to 8.0.
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Regulation of intestinal secretion is carried out by local reflexes (with participation of a gastroenteric nervous system), a nervous system with participation of a CNS` (vagus stimulates and sympathetic nerves block) and with participation of hormones (secretin, gastric inhibitory peptide).

5. Digestion in a colon.
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Fig.33. Microbial flora
The colon is the GIT output depot. There are absorption of water and electrolytes, deposition and evacuation of fecal masses. Symbiotic digestion happens with the participation of gastrointestinal microbial flora (fig.33). At the same time there is an initial stage of splitting of fat, synthesis of previtamins of group A and B, formation of ammonia from urea, putrefactive decomposing of proteins.
6. Motility of a stomach. Evacuation of gastric contents in intestines.

Motility of a GIT is directed onto (fig.34)
- movement of food;

- chopping and mixing of food;

- deposition of food.
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Fig. 34. Motility of a stomach

Smooth muscles of a stomach generate action potential in response to food arrival into a stomach. Peristaltic waves extend on the direction to pyloric part of the stomach. The part of waves fade others amplify and close a pyloric sphincter. It promotes the best mixing of contents of a stomach. The muscle cells of the stomach are responsible for a motility of the stomach:
· The muscle cells of a stomach generating exaltation;

· Enteral nervous system (Meissner`s and Auerbach plexuses);

· Vegetative nervous (vagus strengthens, symphathetic nerves block a motility of a stomach);

· Humoral factors (hormones gastrin, motilin stimulate and secretin, somatostatin, gastrointestinal hormone and adrenaline inhibit a motility of a stomach). 
Evacuation of chymus depends on gastric and intestinal factors. At the same time gastric factors stimulate evacuation and intestinal ones slow it down.

Gastric factors:

· Stomach stretching;

· Soft consistence of chymus;

Intestinal factors:

· Duodenum stretching;

· Sour reaction of content of duodenum;

· Availability of proteins, lipids and products of their incomplete digestion in duodenum;

· Hypotonic or hypertonic medium in duodenum;

· Hormones: secretin, cholecystokinin;

· Irritation (inflammation, injuries) of duodenum. 

7. Motility of small and thick intestine.

The peristalsis of small intestine can be divided into propulsive (pushing) and nonpropulsive segmental movement (fig.35). Nonpropulsive peristalsis movement promotes the best mixing of chymus and digestive juice. We distinguish nonpropulsive segmental activity, tonic contraction, pendular movements and fluctuation of fibers. At the end of digestion process one or two powerful waves of contraction of longitudinal muscles move the remain of contents of small intestine to large intestine. It is propulsive peristalsis. 
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Fig.35. Motility of a small and thick intestine
Motility of small intestinal is locally regulated with participation of gastroenteric nervous system, sympathetic nerves (block) also parasympathetic nervous (vagus stimulates) and with participation of hormones (gastrin, secretin, glucagon).

Motility of colon carries out two function: moving the fecal masses forward and storage the fecal masses. Normal antiperistalsis happens here (from an anus).

8. Absorption in various departments of a digestive tract.
In a mouth cavity product of food digestion are not absorbed because they are not split completely (fig.36). In a stomach water, mineral salts, a small amount of amino acids, weak solutions of alcohol are absorbed. The main absorption of products of splitting happens in a small intestine. After full digestion of the carbohydrates arriving with food there are formed monosaccharide: glucose, fructose and galactose. Fructose is absorbed passively into the blood. Glucose is absorbed in two stages: secondary active transport (symport with sodium ions) in enterocyte also from enterocyte in blood on the mechanism lite diffusion. The galactose is also transferred by secondary active transport. Proteins are split into amino acids, di- and tripeptide. Amino acids are absorbed by secondary active transport (symport with sodium ions) by means of special protein-carriers. Di- and tripeptide are also absorbed by secondary active transport (symport with hydrogen ions) by means of nonspecific carrier (transports various peptides) – protein. 
Fats are split into monoglycerides and fatty acids. Short- and medium – chain – length fatty acids are absorbed passively in blood. Long chain fatty acids with bilious acids form micelles in gut gleam. Micelles come into contact with a membrane of enterocyte. Bilious acids remain in a gut gleam. 
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Fig. 36. Absorption in various departments of a digestive tract
In enterocyte triglycerides are formed from fatty acids which with apoprotein form chylomicrons. Get to a lymph by an exocytosis. Fat – soluble vitamins A, D, E and K are similarly absorbed. 
Water-soluble vitamins are absorbed by active transport with participation of special carriers. 

Laboratory work

Work 1. The action of bile on fats.
Objective: Demonstrate the emulsification of fats
The object of the study: bile
Equipment: bile, tubes, vegetable oil
Stages: 

The first tube pour some oil, add an equal volume of bile. The second tube pour oil and water. Close the tube and shake a finger. 
Results: As a result of agitation in a test tube with bile produced “white milk” - fat emulsion.
Conclusion: Bile emulsifies fats
Work 2. Motor function of the digestive tract in rats.

Objective: To characterize the motor function and diversified gastrointestinal tract

The object of the study: rat 
Equipment: Ringer-Locke solution (3-4 liters), gauze, a set of tools
Stages: 

Intraperitoneally administered rat thiopental. Fix a rat on a narrow wooden plank ventral surface up. The abdomen was opened by a white line of the abdomen. Pre-prepare a bath of warm water and Ringer-Locke at a temperature of 38 C. The animal on the board at an angle of 45 degrees plunge to the shoulder girdle. The intestines and stomach commit all kinds of motor activity. In the intestines are working epinephrine and pilocarpine.

Results: Observing segmented (long annular reduction of separate distance from each other), pendulum (swing as much as the individual loops), peristaltic (rapid reduction of running a ring along the colon), propulsion (slowly advancing strong reduction ring). Adrenaline reduces and pilocarpine increases the motility of the gastrointestinal tract.
Conclusion: Experimentally observed motility of the gastrointestinal tract
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Questions to the Colloquium
1. Digestion as the main component of functional system on maintenance of level of nutritious in an organism.

2. Digestion types.

3. Research methods of digestive tract functions.

a) In experiment

c) In clinic

4. Digestive tract innervation.

5. Digestion in a mouth. Structure and properties of salvia.

6. Swallowing.

7. Digestion in a stomach. Composition of gastric juice.

8. Phases of gastric secretion.

9. Structure and properties of pancreatic juice. Regulation of pancreatic secretion. 

10. Liver role in digestion.

11. Digestion in a nestis and ileum. 

12. Secretion of intestinal juice, its structure, properties, secretion regulation.

13. Digestion in a colon.

14. Motility of a stomach. Evacuation of gastric contents in intestines.

15. Motility of a small and thick intestine.

16. Absorption in various departments of a digestive tract.

Laboratory research 10

Allocation physiology. Regulation of kidney functions.

Questions:

1. Eliminative organs.
2. Nephron as a structural functional unit of a kidney.
3. Formational and composition of primary urine.
4. Tubular reabsorption as the 2nd stage of formation of final urine.
5. Tubular secretion.
6. Composition of final urine.
7. Regulation of kidney activity.
a) Humoral regulation;
b) Nervous control;
c) Influence of arterial pressure on work of kidneys.
8. Act of uresis.
1. Eliminative organs.
Allocation is a process as a result of which metabolism products which can not be used by an organism are removed. Skin, digestive tract, sweat glands, lungs and kidneys are refered to eliminative organs.

2. Nephron as a structural functional unit of a kidney.
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Fig.37. Structure of nephron


	A structural functional unit of a kidney is a nephron (fig.37). It consists of the Malpighian body surrounded with Bowman`s capsule. Proximal convoluted tubule departs from a capsule. Further descending and then ascending segments of Henles loop. Then there follows distal convoluted tubule which passes into a canal collecting tubule. In kidney there are two types of nephrons: cortical nephrons (about 70%) and juxtamedullary nephrons (about 30%). They differ in location in cortical and brain substance of a kidney and blood supply. 



3. Formation and composition of primary urine.
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Fig. 38. Glomerular filter 
	Primary urine is formed as a result of ultrafiltration process. At the same time from capillaries of the Malpighian body in a cavity of a capsule all components of blood except blood cells (erythrocytes, leukocytes, thrombocytes) and molecules with a diameter more than 6,4 nanometers are filtered. The filtration occurs via glomerular filter (fig.38). This filter consists of three layers: endothelium of capillaries, basal membrane and epithelium of a visceral layer of a capsule. The main part of the filter is the basal membrane. The third layer of the filter is formed by legs of podocytes. In legs of podocytes there are miofibrils. They can be reduced as the micropump. It pumps out filtrate in a capsule cavity.


Driving force of ultrafiltration is filtrational pressure. It consists of a hydrostatic pressure in capillaries of the Malpigiev glomus minus the hydrostatic pressure of primary urine in a capsule and minus the oncotic pressure of blood in capillaries. About 130 liters of primary urine are formed in a day.

4. Tubular reabsorption as the 2nd stage of formation of final urine.
Reabsorption by the renal tubules as the 2nd stage of final urine formation (fig.39). The reabsorbed is the backward absorption from a gleam of tubules in blood and in lymph. In a proximal tubule a reabsorption is obligate, that is it isn`t regulated by hormones. Here mineral salts, amino acid and urea are absorbed. In the descending department of a loop of Gengle water absorption of a gradient of concentration. 
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Fig. 39. Reabsorption
The ascending department of a loop is impenetrable for water. There are reabsorbed NaCl and KCl here. In distal department ions of sodium, potassium, calcium and phosphates are actively reabsorption. Water is soaked here too. In distal department reabsorption is facultative. It is regulated by hormones. The main hormones at the same time are antidiuretic hormone, aldosterone and parathormone. In collective tubules water and mineral substances are reabsorbed.

Ability of a kidney to emit the concentrated or diluted urine is provided by counterflow and multiplying tubular system of a kidney. This system includes Genle`s loops and collective tubules located parallel to each other.

5. Tubular secretion.
It is active transportation into urine of substances from, the blood or substances which are formed in cells of tubular epithelium, for example, ammonia. It is transported against concentrating and electrochemical gradient with use of energy. Organic acids and alien substances are removed in this way from an organism.
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Fig. 40. Tubular secretion
6. Composition of final urine.
A person allocates from 0,7 to 2,0 liter of urine in a day. It is daily diuresis. Specific weight of final urine fluctuates from 1005 to 1025. Urine reaction is subacidic. In the urine collected for 12 night hours there are no protein and glucose, there can be crystals of uric, urat and oxalates. 
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Fig.41. Composition of final urine
7. Regulation of kidney activity.
a) Humoral regulation.
The main regulator of reabsorption of water in distal nephron is an antidiuretic hormone. It is formed in the hypothalamus, is transferred by axonal transport to the neurohypophysis and is allocated into blood. There with blood current ADH is transferred to kidneys and there strengthens water reabsorption (fig.42).
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Fig. 42. Humoral regulation activity of kidneys
The tubular reabsorption of water is also regulated by aldosterone strengthening reabsorption of sodium and water. At the same time removal of ions of potassium with urine amplifies. The tubular reabsorption of electrolytes as well as water is regulated mainly by hormones. At the same time besides ADH and aldosterone, parathormone is a participates unit. It is formed in parathyroid glands. In distal nephron parathormone strengthens reabsorption of ions of calcium. At the same time urine phosphorus removal amplifies. 

b) Nervous control.

Nervous regulation of a diuresis has generally, vasomotor nature. At the same time sympathetic nerves mainly participate. Besides the change of a lumen of blood vessels sympathetic nerves participate in activation of glucose, ions of sodium, phosphates and water reabsorption.

The tubular secretion is also regulated in the nervous and humoral way (fig.43). The blood stream with substances comes to the secreting cells and energy balance to epithelium of tubule is regulated by a nervous way. Hormones strengthen proximal tubular secretion of organic substances. They are somatotrophic hormone, hormones of a thyroid gland and androgenic hormones.
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Fig.43. Nervous regulation activity of kidneys
c) Influence of arterial pressure upon work of kidneys.

Amount of primary urine increases at increased AP. It occurs because at increase of AP there increases filtrational pressure. The effect of Bailleys is that at increase of pressure to 140 mm of a mercury column (systolic) the diuresis doesn`t increase since the bringing vessels of the Malpigiy ball are narrowed.

8. Act of uresis.
On collective tubules urine comes to pelvis. In process of their filling stretching receptors are irritated, muscles of pelvis are reflexively reduced and ureter reveals. Urine on ureter comes to a bladder. At accumulating about 400 ml of urine stretching receptors are irritated, impulses go to sacrum of a spinal cord. From a spinal cord on parasympathetic nerves impulses arrive to a bladder and an urethra. As a result walls of a bladder are reduced and sphincters of a cervix of a cystic and an urethra relax. Also structures of the brain participate in the act of urination. It allows to carry out voluntary urination.

Laboratory work

Work 1. Experience Minor
Objective: To learn the method of studying sweating

The object of the study: Human
Equipment: alcohol, cotton, iodine solution, cotton swabs and hot water, starch

Stages: 

Palm degreased with alcohol. Moisten the palm of iodine solution. Powdered starch. Blow not adhering to the skin of starch particles. The other hand is dipped in hot water. Keep an eye on changes in the color of starch.

Results: Sketched the shape and location of the dots and spots on the palm of your hand - it is the sweat glands.
Conclusion: 
Work 2. Demonstration of the:

· Effect of hydrostatic pressure, osmotic pressure and diameters of the glomerular afferent and efferent arterioles on urine flow

Objective: Demonstration of the influence of the glomerular filtration rate, the hydrostatic blood pressure and oncotic blood pressure on urine flow
The object of the study: nephron 
Stages: 

The intensity of the blood flow is determined before and after modifying of the glomerular afferent and efferent arterioles, hydrostatic blood pressure and oncotic blood pressure.
Results: Determine the intensity of diuresis (ml/min)

1) Decreases of the afferent arterioles diameter
2) Decreases of the efferent arterioles diameter
3) Increases of blood pressure

4) Increases of Osmotic pressure
· Influence of the aldosterone and the antidiuretic hormone on the urine flow
Objective: Demonstration of the effect of aldosterone and ADH on urine flow
The object of the study: nephron 
Stages: 

Determination of the urine flow before and after aldosterone administration and then before and after ADH administration
Results: Determine the intensity of diuresis (ml/min)

· Influence of glucose on urine flow

Objective: Demonstration of the enhancement of urine flow and of glucose level in the urine as a result of an increase in blood glucose
The object of the study: nephron 
Stages: 

Urine flow and glucose level in the urine are estimated before and after the intravenous administration of a concentrated glucose solution
Results: Determine the intensity of diuresis (ml/min)

Spend Trommer probe in the urine in normal and glucose administration

Conclusion: 
Laboratory research 11
Physiology of endocrine glands
Questions:

1. Definition, classification of hormones.
2. Interrelation and interaction of endocrine glands.
3. Hormones of adenohypophysis.
4. Physiology of a thyroid gland.
5. Parathyroid glands.
6. Pancreas physiology.
7. Adrenocortical hormones.
8. Adrenal medulla hormones.
9. Reproductive hormones.
1. Definition, classification of hormones.
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Fig. 44. Endocrine glands
Endocrine glands produce hormones and excrete them in blood (fig.44). Distinctive features of hormones:

- distant action of hormones (hormones are transferred with blood current from the place of their development to a target organ);

- the cells producing hormones do not perform other functions;

- the effect caused by this hormone is not reproduced by other substances;

- hormones cause effects only in a complete organism (for example: in a test tube with glucose solution addition of insulin will not lead to decrease in level of glucose. Insulin parenterally introduced to an organism will cause falloff of level of glucose).

In an adenohypophysis trophy hormones are produced. They regulate production of effector hormones in peripheral endocrine glands.

By the action mechanism hormones are divided into lipophilic hormones and primary messengers. Lipophilic (steroid) hormones affect cells in two ways:

1) Classic genomic (sluggish) way. Hormone gets into a target cell, forms in cytoplasm a hormone-receptor complex. This complex comes to a nucleus, protein synthesis changes.

2) Not genomic (fast) mechanism of action. Hormone contacts receptors on a cell-like membrane and activates cascade reactions of systems of secondary intermediaries. Secondary intermediaries can be a cyclic AMP, ions calcium, nitrogen oxide.

2. Interrelation and interaction of endocrine glands.
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Fig. 45. Interrelation and interaction of endocrine glands
In a forward share of hypothalamus hormones oxytocin and ADH are produced. ADH is the main regulator of diuresis. Oxytocin stimulates reduction of metra in childbirth and myoepithelial of the courses of mammary glands. These hormones are transferred by axonal transport to neurohypophyses and there are emitted into blood. In hypothalamus in the field of median eminence there are neurons of a hypophysotropic region. 
These neurons produce statins releasing them into blood. With blood current they get in adenohypophys and there they influence on development of the trophic hormones. Trophic hormones regulate production of effector hormones in peripheral endocrine glands.
It is somatotrophic hormone (STG). It regulates development of somatomedins in a liver. It is thyreotropin (TTG). This hormone regulates development of triyodtironin and tirocsin in a thyroid gland.

Corticotropin regulates  development of glucocorticoids and reproductive hormones in adrenal cortex.

Gonadotrophic hormones: follicle initiating hormone (FIH) and luteinizing hormone (LH) regulate development of androgens, estrogen and gestagen in gonads.

In pars intermedia intermedin (melanocyte-stimulating hormone)is prodused which stimulates seasonal intensification of skin pigmentation. Glands that don`t have trophic regulation are pancreas, parathyroid gland and adrenal medulla.

3. Hormones of adenohypophysis
Hormones of adenohypophysis are trophic (fig.46). They regulate production of effector hormones. Development the trophic hormones is regulated by statins and releasing hormones of a hypothalamus and the level of effector hormones which production they regulate.

Somatotrophic hormone or growth hormone. Stimulates growth of bones in length (endostosis), increases glucose level in blood, increases amount of protein and water at simultaneous decrease amount of fats. It is necessary for the growing organism.

Thyrotropin (TTG) increases development of T3 and T4 in a thyroid gland. This TTG increases the number of secretory cells iodine in a gland and an entrance of the thyroid hormones into blood. Extrathyroid action of TTG is shown in developing of mucous hypostasis (miksedema).
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Fig. 46. Hormones of an adenohypophysis

Corticotrophin stimulates synthesis of glucocorticoids (cortisol and korticosteron) in adrenal cortex. Corticotrophin much less influences synthesis of mineralocorticoid and sexual hormones. Out of adrenal action of corticotrophin involves increase in secretion of insulin and somatotrophic hormone, strengthening of skin pigmentation strengthening of lipolysis of fatty tissue. Gonadotrophic hormones FIH and LH influence development and secretion of sexual hormones, germentative functions of ovaries and testicles.
4. Physiology of a thyroid gland.
A-cells of a thyroid gland form the follicles capable of taking iodine and synthesizing iodinated thyroid hormones. Parafollicular K-cells of gland synthesize hormone calcitonin.
A-cells synthesize thyroglobulin which then is hydrolysed into tri-iodothyronine (T3) and tetra-iodothyronine (T4, thyroxin). These hormones are emitted in blood. In blood these hormones contact proteins and are transferred to cell-taryets. On a surface of a cellular membrane hormone – receptor complex is split and hormone comes to a cell. Intracellular targets are the nucleus and mitochondria. 
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Fig. 47. Physiology of a thyroid gland
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Fig.48. Main metabolic effects of thyroid hormones
	Main metabolic effects of thyroid hormones (fig.48):

- strengthening of the main exchange;

- stimulation of protein synthesis;

- lipolysis and oxidation of fatty acids;

- hyperglycemia;

- insulin inactivation.
The T3 and T4 level is regulated by thyreotrophin. The calcitonin which is developed by “K” cells reduces calcium level in blood.




5. Parathyroid glands.
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Fig.49. Parathyroid glands
They are in a bulk or on the surface of thyroid glands (fig.49). These glands develop parathormone which increases calcium level in blood. Parathormone strengthens absorption of calcium in the digestive tract, calcium reabsorption in kidneys and work of osteoclasts which destroy a bone tissue. Level of hormones is regulated by calcium level in blood. At lowering of the level of calcium development of a parathormone amplifies.

6. Pancreas physiology.
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Fig.50. Cells of pancreas 


	In the insular device of a pancreas of a α-cells there is formed glucagon (fig.50). Insulin is formed in β cells, somatostatin – the δ cells, gastrin – γ cells and PP or F cells form pancreatic polypeptide. 

Β-cells also synthesize hormone amylin, causing contra-insulin effects. Insulin is the only hormone lowering glucose level in blood. Insulin blocks formation of glucose from amino acids (gluconeogenesis), in a liver strengthens formation of a glycogen from glucose and conducts intake of glucose from blood into skeletal, cardiac muscles and fatty tissue. Level of insulin is regulated by amount of glucose in blood. Also vagus stimulates, and sympathetic nerves block insulin secretion.

On the other hand, the glucagon increases glucose level in blood.




7. Adrenocortical hormones.
Hormones of cortical substance of adrenal glands (fig.51). Adrenal cortex consists of three cellular zones.

· the external glomerular zone, forms mineralocorticoid;

· the mid fascicular zone forms glucocrticoids;

· the internal mesh zone forms sexual steroids.

Mineralocorticoid. In blood there is only one mineralocorticoid – aldosterone. Regulation of synthesis and secretion of this hormone is carried out by angiotonin two. Aldosterone in kidneys strengthens reabsorption of ions of potassium. At the same time removal of ions of potassium with urine amplifies. By the mechanism of action it is a lipophilic hormone, that is it influences the genetic apparatus of a cell. However, it has no genomiceffects, using system of secondary messengers.

Glucocorticoid. Cortisol and corticosteroid are secreted in blood. Their secretion is regulated by corticotrophin. These are lipophilic hormones. Glucocorticoid directly or indirectly regulates all types of exchange and physiological functions. They increase glucose level in blood, strengthen a catabolism, resulting in negative nitrogenous balance, influence on lipogenesis. Extra-adrenal action of glucocorticoids results in suppression of inflammation and vascular permeability, and also in antiallergic action.

Sex steroid of adrenal cortex is secreted in a mesh zone. These are men`s` sex hormones (androgenic hormones). The main androgenic hormone of adrenal cortex is dehydroepiandrosterone. In tissue – targets it turns into testosterone, dihydrotestosterone and estrogen. 

Development of glucocorticoids and sexual steroids in cortex of adrenal glands are regulated by corticotrophin.
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Fig. 51. Adrenocortical hormones.
8. Adrenal medulla hormones.
Adrenal medulla contains chromaffin cells which develop catecholamines (adrenalin and noradrenalin). These hormones contact adrenoreceptors of cell membranes. Catecholamins provide urgent adaptation of an organism to superthreshold irritants. These hormones change a tone of smooth muscle., strengthen splitting of glycogen in a liver and in muscles (increase blood glucose level), strengthen fat disintegration. Besides except catecholamins in adrenal medulla hormone adrenomedullin is produced. It expands blood vessels and suppresses production of aldosterone.
Adrenal medulla and sympathetic department of the automic nervous system form sympathoadrenal system. At the same time sympathetic nerves stimulate chromaffin cells.
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Fig. 52. Adrenal medulla hormones

9. Reproductive hormones.
Gonads (testickes and ovaries) fusion and secrete sex hormones. At the same time both testicles and ovaries fusion both masculine hormones (androgens) and female sex hormones (estrogens). The main androgen is testosterone.

Testosterone:

· provides a sexual differentiation in an embryogenesis;

· develops primary and secondary sexual characteristics;

It takes part in:

· formation of structures of CNS` providing sexual behavior;

· growth of a skeleton, muscles, distribution of subcutaneous fat;

· regulation of spermatogenesis;

· stimulation of erytropoesis.

Ovaries produce estrogens. They participate in sexual differentiation in an embryogenesis, in puberty and development of female sexual characters, in establishment of a female sexual cycle, sexual behavior.
Development of estrogen is regulated by follicle-stimulating hormone and prolactin of adenohypophysis.

Laboratory work

Work 1. The effect of Thyroxine, TSH and Propyltiouracil on metabolism
Objective: Demonstration of the influence of thyroxine, TSH and propyltiouracil on metabolism at three different rats.
The object of the study: one rat is normal, the second had the thyroid gland extirpated and the third had the pituitary gland extirpated
Equipment: respiratory room with a closed circuit, which has simple manometer, a grill, sodium limestone
Stages: 

Metabolism of the three rats is measured before and after administering them thyroxine, TSH and propiltiouracil
Results: Determine the metabolic rate: 
Metabolic rate=ml.Ox60x1000/ rat body weight

-normal rat

-thyroidectomyxed rat

-hypophysectomyzed rat
Conclusion: The intensity of metabolism is propotional with the amount of oxygen which is consumed by the organism in a time unit
Work 2. The effect of insulin and aloxan on blood glucose.
Objective: Demonstration of the effect of insulin on the healthy rat and on the rat with insulin-dependent diabetes mellitus
The object of the study: rat 
Stages: 

Collect a blood sample from the normal rat and then another blood sample from the rat with diabetes mellitus, before and after insulin administration. Measure the blood glucose.
Results: Determine the glucose level (mg/dl)
-normal rat

-aloxan
-insulin
-aloxan+insulin
Conclusion: the main metabolic action of insulin is to lower the level of the glucose in the whole blood
Laboratory research 12

Metabolism. Thermal control
Questions:

1. Definition of metabolism. Processes of assimilation and dissimilation.
2. Plastic and energetic role of nutrients.

3. Nitrogen equilibrium.

4. Regulation of metabolism.

5. Energy balance of an organism.

6. Basic metabolism. Working metabolism.

7. Hess` law.

8. Laws of diets.

9. Heat production.

10. Thermal control.

1. Definition of metabolism. Processes of assimilation and dissimilation.
Exchange of substances is the set of processes of transformation of substances and energy providing activity of an organism (fig.53). 

At the same time there occurs:

· Extraction of energy at the arriving feed-stuffs and their transformation into energy ATP;

· Formation of cellular components of a human body from the arrived feedstuffs;

· Formation and removal metabolic-waste products, from an organism.

The metabolism is characterited by two constant processes: anabolism and catabolism. Anabolism is synthesis of complex substances from simpleones. For example, synthesis of protein from amino acids. The catabolism is a disintegration of complex substances to simpleones. For example, disintegration of proteins to amino acids. 
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Fig.53. Metabolism. Processes of assimilation and dissimilation
2. Plastic and energetic role of nutrients.
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	Proteins carry out a plastic role as they split into to amino acids from which proteins of an organism are synthesized. Carbohydrates carry out an energetic role as energy is formed at their splitting. Fats carry out a plastic and energetic role.




Fig.54. Plastic and energetic role of nutrients
3. Nitrogen equilibrium. 
Nitrogen comes to an organism with proteins. Nitrogen is removed from an organism with urea, creatinine.

If nitrogen arrives as much as it is removed – it is called nitrogenous balance. If nitrogen arrives more, than it is removed – it is called positive nitrogenous balance.

If nitrogen is removed more, than arrives – it is called negative nitrogenous balance. It happens at an old age as a result of physiological atrophy of muscle bulk.
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Fig.55. Nitrogen equilibrium
4. Regulation of metabolism.

Autoregulation. The direction of reaction in a cell is defined by quantity of the substratum coming to a cell. For example, in liver cells the glycogen is formed from glucose or the glycogen is split to glucose.
GLUCOSE ↔ GLYCOGEN

If in the blood inflowing to a liver there is a lot of glucose, reaction goes towards formation of glycogen. If glucose isn`t enough, the glycogen is split to glucose. Nervous regulation of metabolism is rather an exception, than a rule. Orbeli-Ginetsinsky effect: increase of a tone of sympathetic nerves accelerates restoration of a muscle after exhaustion.
Humoral regulation of metabolism. It is, mainly, regulation by hormones. At the same time lipophilic hormones get into a target cell and change synthesis of fermental protein. Hormones-primary messengers – influence the activity of enzymes. Enzymes determine the speed and the direction of intracellular reactions.

5. Energy balance of an organism.
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Fig.56. Energy balance
	The amount of the energy received with food and power consumption for the same time period determines energy balance of an organism. At the same time energy is spent for the basic exchange and working metabolism (fig.56). It is possible to measure amount of the energy spent by a person by means of a direct and indirect calorimetry. In case of direct calorimetry heat generated by the person is measured in the special camera. At indirect calorimetry we define respiratory coefficient.

          P CO2

K = 

          P O2

The relation of volume of the absorbed oxygen to the volume of the emitted carbon dioxide


Oxidation of 1 gr of proteins, carbohydrates and fats demands various amount of oxygen. And amount of the energy released at the time is various too. So per 1 liter of the consumed oxygen at oxidation of carbohydrates, it is released 5,05 kcal, of fat – 4,69 kcal, and of proteins – 4,6 kcal. These values are called a caloric equivalent of oxygen
6. Basic metabolism. Working metabolism.

The main exchange is the amount of energy necessary for activity maintenance. It is measured in the morning, when a person an empty stomach, a prone position, temperature and emotional comfort. Under these conditions the main exchange will depend on a sex, growth, weight and age. Working exchange is the amount of energy necessary for work performance. Working exchange plus power consumption for processes of digestion, growth is working increase. Basic metabolic rate together with working gain is overall metabolism of the whole body.
7. Hess` law.

Reaction heat is independent from reaction ways, but depends on the initial and final reaction products.
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8. Laws of diets.

A diet is determined by the rate of the physiological needs of the organism in food. Nutrients that provide the energy and plastic should come into the body needs of the organism. Energy requirements for an adult male range from 2100 to 4200 kcal a day. For women this amount range from 1800 to 3500 kcal a day. Wherein the diet should contain proteins, carbohydrates and fats in a ratio of 1:1:4. 
A daily diet should contain proteins essential amino acids leucine, isoleucine, valine, methionine, lysine, threonine, phenylalanine, tryptophan. Unsaturated and polyunsaturated fatty acids, vitamins, minerals, trace elements must be included. Overall the diet should provide well-being, good health and performance. The most important factor, even if the diet is properly drawn up, is a dietary pattern. An interval between meals should be 4-5 hours. Breakfast should account for 30%, lunch 45% and dinner 25% of the daily ration.
9. Heat production.

A human – body is homoiothermal. We distinguish homoiothermal nucleus, which includes tissues lying at depth more than 1 сm from the skin surface. At change of temperature of a nucleus it always comes back to an adjusting point of 37 centigrade (degrees Celsius). Temperature of surface tissue is lower, than nucleus. A fixed body temperature of the person remains on condition of balance between heat production of an organism and its return to the external environment (fig.57)
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Fig.57. Types of heat radiation.
Heat is formed at rest as a result of cellular metabolism. It is primary warmth. Secondary warmth is formed during physical activity at muscular contraction. It is contractile thermogenesis. Non-contractile thermogenesis is a formation of heat due to activation of lipolysis in cells of brown fat. The thermolysis is carried out from the surface of skin by thermal radiation, convection, evaporation of water and heat conduction.
Exchange of heat between “nucleus” and “surface” is carried out by transfer of heat by blood.

10. Thermal control.

Thermal control is an ability of an organism to maintain “nucleus” temperature in optimum limits. Nucleus temperature is perceived by the central thermoreceptors (fig.58). These are thermosensitive neurons of a hypothalamus. Impulses from the peripherical of thermoreceprors on a spinothalamic tract come to a thalamus, and then to somatic sensory cortex. Other part of signals from peripheral thermoreceptors comes to the center of thermal control of a hypothalamus.
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Fig.58. Thermal control

The center of thermal control of a hypothalamus includes the center of a thermolysis and the center of heat production. Interaction between these centers is based on an inhibitory mechanism of neurons of the center of heat production by neurons of the center of thermolysis at their activation and signals from thermoreceptors.
Laboratory work

Work 1. Determination of basal metabolism according to the tables of Harris and Benedict Objective: to use formula to estimate metabolic rate at rest, and from that a daily energy expenditure.
The object of the study: Human
Equipment: formula of Harris and Benedict
Stages: 

Basal Metabolic Rate (BMR) formula: The Harris-Benedict Equation has for a long time been the standard formula and is widely used for estimating BMR. Use the calculations below to calculate BMR, where: Wt = weight in kg, Ht = height in cm, A = age in years.

men: kcal/day = (13.75 x Wt) + (5 x Ht) - (6.76 x Age) + 66
women: kcal/day = (9.56 x Wt) + (1.85 x Ht) - (4.68 x Age) + 655 
Harris-Benedict Principle: Use the following table to calculate your recommended daily calorie intake to maintain current weight.

	Exercise Level
	Details
	Calorie Calculation (Daily Needs)

	Little to no exercise
	 
	BMR x 1.2

	Light exercise
	1-3 days per week
	BMR x 1.375

	Moderate exercise
	3-5 days per week
	BMR x 1.55

	Heavy exercise
	6-7 days per week
	BMR x 1.725

	Very heavy exercise
	twice per day, extra heavy workouts
	BMR x 1.9


Results: We identify the main exchange on the basis of Harris and Benedict
Conclusion: Resting Metabolic Rate (RMR) and Basal Metabolic Rate (BMR) are measures of resting energy expenditure, representing the minimum amount of energy required to keep your body functioning, including the heart, lungs and temperature regulation
Work2. Making diet

Objective: to use formula to estimate metabolic rate at rest, and from that a daily energy expenditure.
The object of the study: Human
Equipment: the tables of calories (tabl.1,2,3)
Stages: 
Meals should be roughly distributed throughout the day. It should start from three meals a day. For breakfast should account for about 30% of daily calories for lunch - 50%, for dinner - 20%.
Take the daily requirement of calories, proteins, fats and carbohydrates, and divide these values in the parts corresponding to breakfast, lunch and dinner.
	Food
	Products 
	Quantity, g
	The content of protein, fat, carbohydrates, g
	Calories, calories

	1. Breakfast
Total:
	
	
	
	

	2. Lunch

Total:
	
	
	
	

	3. Dinner

Total
	
	
	
	

	Total per day:


Table 1

Rates of physiological needs for energy and nutrients for men
	Indicators,
( per day)
	Group exercise (physical activity ratio)
	Men over
60 years

	
	I (1,4)
	II (1,6)
	III (1,9)
	IV (2,2)
	V (2,5)
	

	
	Age groups
	

	
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	

	
	Energy

	Energy, kcal 
	2450
	2300
	2100
	2800
	2650
	2500
	3300
	3150
	2950
	3850
	3600
	3400
	<4200
	3950
	3750
	2300

	Protein, g
	72
	68
	65
	80
	77
	72
	94
	89
	84
	108
	102
	96
	117
	111
	104
	68

	including animal, g
	36
	34
	32,5
	40
	38,5
	36
	47
	44,5
	42
	54
	51
	48
	58,5
	55,5
	52
	34

	% of calories
	12
	12
	12
	12
	12
	12
	11
	11
	11
	11
	11
	11
	11
	11
	11
	12

	Fat, g
	81
	77
	70
	93
	88
	83
	110
	105
	98
	128
	120
	113
	154
	144
	137
	77

	Fat,% of calories
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	33
	33
	33
	30

	Carbohydrates, g
	358
	335
	303
	411
	387
	366
	484
	462
	432
	566
	528
	499
	586
	550
	524
	335


Table 2

Rates of physiological needs for energy and nutrients for women
	Indicators,
( per day)
	Group exercise (physical activity ratio)
	Women over
60 years

	
	I (1,4)
	II (1,6)
	III (1,9)
	IV (2,2)
	

	
	Age groups
	

	
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	18-29
	30-39
	40-59
	

	
	Energy

	Energy, kcal 
	2000
	1900
	1800
	2200
	2150
	2100
	2600
	2550
	2500
	3050
	2950
	2850
	1975

	Protein, g
	61
	59
	58
	66
	65
	63
	76
	74
	72
	87
	84
	82
	61

	including animal, g
	30,5
	29,5
	29
	33
	32,5
	31,5
	38
	37
	36
	43,5
	42
	41
	30,5

	% of calories
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Fat, g
	67
	63
	60
	73
	72
	70
	87
	85
	83
	102
	98
	95
	66

	Fat,% of calories
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Carbohydrates, g
	289
	274
	257
	318
	311
	305
	378
	372
	366
	462
	432
	417
	284


Table 3

Additional needs for energy and nutrients for women during pregnancy and breast-feeding
	 
	Pregnancy (second half)
	Nursing (1-6 months).
	Nursing (7-12 months).

	Energy 

	Energy, kcal 
	350
	500
	450

	Protein, g
	30
	40
	30

	including animal, g
	20
	26
	20

	Fat, g
	12
	15
	15

	Carbohydrates, g
	30
	40
	30
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Laboratory research 13
Questions to the Colloquium
1. Eliminative organs.
2. Nephron as a structural function unit of a kidney.
3. Forming and composition of primary urine.
4. Tubular reabsorption as the 2nd stage of formation of final urine.
5. Tubular secretion.
6. Composition of final urine.
7. Regulation of activity of kidneys.
a) Humoral regulation;
b) Nervous control;
c) Influence of arterial pressure up on work of kidneys.
8. Act of uresis.
9. Definition, classification of hormones.
10. Interrelation and interaction of endocrine glands.
11. Hormones of an adenohypophysis.
12. Physiology of a thyroid gland.
13. Parathyroid glands.
14. Pancreas physiology.
15. Adrenocortical hormones.
16. Adrenal medulla hormones.
17. Reproductive hormones.
18. Definition of metabolism. Processes of assimilation and dissimilation.

19. Plastic and energetic role of nutrients.

20. Nitrogen equilibrium.

21. Regulation of metabolism.

22. Energy balance of an organism.

23. Basic metabolism. Working metabolism.

24. Hess`s law.

25. Laws of diets.

26. Heat production.

27. Thermal control.

Laboratory research 14
Blood physiology. Physiology of erythrocytes.
Questions:

1. Composition of blood.
2. Blood functions.

3. Physiological constants of blood.

4. Blood plasma. Structure, osmotic and oncotic pressure.

5. Erythrocyte. Structure and functions.

6. Regulation of erythropoiesis.

7. Hemoglobin and its combinations.

8. Erythrocyte sedimentation rate (ESR). Mechanism of ESR.
1. Composition of blood.
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Fig.59. Composition of blood.
Blood consists of plasma and formed elements (erythrocyte, thrombocyte, leukocyte). Hematocrit – is the relation of volume present of plasma and formed elements. It is normally equal to 55 percent of plasma and 45% of formed elements. 

2. Blood functions.

Main function of blood is transportation. Blood transfers gases (respiratory function), nutrients (trophic) function, metabolism products (secretory function), biologically active combination (regulatory function), warmth (thermoregulatory function). Blood also performs protective function thanks to existence of leukocytes. 
3. Physiological constants of blood.

Quantity of formed elements:
Erythrocytes 4,5 – 5,5 x109/l

Leukocytes 4 – 10 x109/l

Thrombocytes 180 – 320 x109/l

pH blood: arterial – 7,40, venous – 7,36

Four buffer systems support pH blood: hemoglobic, proteinaceous, phosphatic and bicarbonatic. 
Osmotic pressure is equal to 7,3 atmospheres. The concentration of electrolytes determined by concentration of sodium chloride is equal to 0,85 percent. It is isotonic solution. If concentration of sodium chloride is more than 0,85%, it is hypertonic and if it is less than 0,85% it is a hypotonic solution.

4. Blood plasma. Structure, osmotic and oncotic pressure.
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Fig. 60. Composition of blood plasma
Electrolities: cations Na+, K+, Ca+, Mg2+, Fe3+, Zn2+, Cu2+, anions Cl-, HCO3-, HPO42-, HSO4-, organic acids are part of blood plasma. Proteins of blood plasma are presented by albumins, globulins and fibrinogen. Proteins of plasma provide: 

· Colloid;

· Osmotic acid;

· Base and water homeostasis;

· Viscosity of blood;

· Transfer of lipids, hormones, vitamins, amino acids;

· Detoxification function;

· Immune reactions.

Glucose makes up 90% of carbohydrates of blood. Lipids of blood include cholesterol, phospholipids, triglycerides, fatty acids.

5. An erythrocyte. Structure and functions.

An erythrocyte of the person has no core, mitochondrions, lysosomes. 
It is a highly specialized structure which main function is to transfer oxygen from lungs to tissue and carbon dioxide from tissue to lungs. Gases are transferred in connection with hemoglobin which locates in erythrocytes. The main source of energy in erythrocytes is glucose. Erythrocytes have the biconcave from that allows them to pass through capillaries. The erythrocyte lives in a vascular bed for 120 days. On its membrane there are sialine acids which give it the negative charge. On the membrane there are also group and rhesus factor antigens. Several mechanisms of death of an old erythrocyte are defined:
· The erythrocyte is phagocytized by macrophages;

· Intravascular hemolysis;

· In a spleen, a liver and bone marrow.

6. Regulation of erythropoiesis.
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Fig. 61. Process of formation of erythrocytes
The erythrogenesis is a process of formation of erythrocytes in bone marrow (fig.61). This process includes the following phases: colony-forming cell erythrocyte (CFC-e) →1 proerythroblast →2 basophilic erythroblasts of the first order→4 basophilic erythroblasts of the second order→8 polychromatophilous erythroblasts of the first order→16 of polychromatophilous erythroblasts of the second order→32 polychromatophilous normoblasts→denucleation of normoblasts→32 reticulocytes→32 erythrocytes. The erythrogenesis before formation of a reticulocyte takes 5 days. The erythrogenesis at the person proceeds in erythroblastic islands of marrow. Macrophages and erythroid cells are part of these islands. Macrophages phagocytize the nucleus which are pushed out from normoblasts, provide erythroblasts with ferritin and plastic substances, secrete erythropoietin, strengthen growth promoting substance in islands. Reticulocytes leave marrow into blood and turn into erythrocytes within a day. Normal reticulocytes make 5-10% of all erythrocytes circulating in blood. Decrease of quantity of erythrocytes in blood is anemia, increase is erythrocytosis.
The main regulator of erythrogenesis is erythropoietin. They develop in kidneys, macrophages of marrow, Kupffer cells and hepatocytes and amount of them depends on the level of oxygen in blood. Sex hormones – androgens – increase sensitivity of cell of erythroid row to erythropoietin and strengthen erythrogenesis. 

7. Hemoglobin and its combinations.

Hemoglobin is the haemo protein containing iron (fig.62). 1 liter of masculine blood contains 140-175 grams, feminine blood has 123-153 grams of hemoglobin. Hemoglobin is placed in erythrocytes and makes them red.
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Fig. 62. Molecule hemoglobin

A combination of hemoglobin with oxygen is oxyhemoglobin; with carbon dioxide – is carbohemoglobin; with carbon monoxide – is carboxyhemoglobin. 
In all these combinations iron in hemoglobin is divalent. At action of the strong oxidizers iron in hemoglobin turns into tervalent. The methemoglobin is formed. The oxyhemoglobin which has given oxygen is called reduced or deoxyhemoglobin.
8. Erythrocyte sedimentation rate (ESR). Mechanism of ESR. 

	
[image: image72]
Fig. 63. ESR

	If the blood deprived of an opportunity to be curtailed, place in a capillary with a diameter commensurable with a diameter of an erythrocyte and put a capillary upright, formed elements will be divided into plasma and formed elements, the majority of which is erythrocyte (fig.63). ESR is estimated on plasma column height over a column of formed elements. Normal ESR makes for men from 2 mm per hour, for women from 2 to 20 mm per hour.

Mechanism ESR. The erythrocyte appeared in blood from red marrow has a negative superficial charge. In the course of life in the blood coarse proteins (for example, fibrinogen), products of inflammation, disintegration of tumors and toxins contact with surface of erythrocyte. All these molecules shield a charge of erythrocytes and ESR accelerates. Thus, ESR is an integrated indicator of blood composition. 




Laboratory work

Work 1. Determination of the number of erythrocytes in the blood
Objective: To master the method of counting red blood cells using a counting chamber to determine their blood and give an opinion on the conformity of the data to the existing standards.
Object of research: human blood.
Equipment: microscope, camera Goryaeva, mixers, alcohol, watch glass, a solution of 3% NaCl, stored blood.
Stages:
1. Dilute blood 200 times solution of 3% NaCl. We collect blood in a mixer to the mark with 0.5 and bring the solution to the mark with 101 NaCl.
2. Mix the blood with reagents in a watch glass. Red blood cells shrink and become more visible.
3. Prepare the camera Goryaeva. The solution was put in a cell and count the leukocytes under a microscope at low magnification of 5 large squares of 16 small divided.
4. The resulting number to enter into the formula
Results: 
The calculation of leukocytes according to the formula: 

Number of cells = (B* 4000 *200) / 80 = B * 106/l

Conclusion:
Work 2. Determination of hemoglobin (Hb) content in blood by the method of Sali 
Objective: To determine the master technique hemoglobin in the blood by the colorimetric method of Sali, and determining its concentration to give an opinion on the received data according to existing standards.

Object of research: human blood.
Equipment: gemometr Sali, alcohol, cotton, distilled water, and 0.1-normal solution of hydrochloric acid, the blood. 

Stages:
1. In a graduated tube gemometr pour acid to the circular marker.
2. Collect blood into the capillary to exactly circular marker - 0.02 ml.
3. Wipe the tip of the capillary blood and gently blow out at the bottom of the pipe with the acid. Wash the walls of capillaries, repeating this step.
4. Shake the tube several times and leave for 5 minutes.
5. Add distilled water to the vial drop wise to a solution of color matching color standard.
6. Take readings at lower liquid meniscus.
7. Considering that the 167 g / l corresponds to 16.7 g of 100% and Sali relative units (%) expressing the content of hemoglobin in the blood in the study of absolute and relative terms. 

Results: the result multiplied by 10 

Conclusion:
Work 3. The calculation of the color index of blood (CIB)
Objective: to evaluate the degree of hemoglobin saturation of each individual red blood cell.
Stages:
1. Using data on the content of erythrocytes and hemoglobin in the examined blood, calculate the color index of blood by the formula:

                                                       Hb (g/l)

CIB=---------------------------------------------------------------------------- x3 
         the number of erythrocytes (the first three digits)
2. Compare the obtained results with the available standards.
Results:
In healthy people, the color index of blood ranges from 0.9 to 1.1. If color index less than 0.9, such a phenomenon is called hypochromasia, more than 1.1 - hyperchromasia.
Conclusion:
Work 4. Determination of the erythrocyte sedimentation rate (ESR) by Panchenkov’s method
Objective: to learn the technique of ESR determination, measure it and give an opinion on the conformity of the received data to the existing standards.
The object of study: human blood.
Equipment: The unit Panchenkova, watches, alcohol, 5% sodium citrate solution.
Stages:
1. Rinse the capillary sodium citrate, fill it up to the mark reagent P and blow on the hour glass.
2. The same capillary blood was collected twice to mark K and mix it with citrate to blood ratio of 1: 4.
3. Fill the capillary with the mixture up to the mark 0, put in a tripod.
4. The height plasma column (mm) in the capillary face 60 minutes.
Results:
ESR size normally ranges from 4 to 10 mm / hr
Conclusion:
Laboratory research 15

Physiology of leukocytes and thrombocytes. Hemolysis

Questions:

1. Leukocytes, quantity, leukogram.
2. Regulation of granulocytopoiesis and monocytopoiesis.

3. Lymphocytes. Regulation of lymphocytopoiesis.

4. Thrombocytes, quantity, functions. 

5. Types and mechanism of hemolysis.

1. Leukocytes, quantity, leukogram

These cells form powerful blood and tissue barriers against bacterial, viral and parasitic infections and stimulate tissue regeneration. Adult human blood contains from 4 to 10 9 degrees leukocytes. Their increase up to 10 to 109 degrees is leukocytosis, decrease of less than 4x109 degree is leukopenia. We distinguish physiological and reactive leukocytosis. By physiological we mean food, myogenic, emotional.
[image: image73.jpg]Granulocytes Agranulocytes

Monocyte
(phagocytosis)

Neutrophil Eosinophil

X

(phagocyting a bacteria (control mechanisms
and other pathogens ) associated with allergy) Lymphocyte
(secretion of antibodies)

Basophil
(contain
histamine
and heparin)

Histamine release
from the basophils





Fig. 64. Five types of human leukocytes.
Reactive leukocytosis develops as a result of inflammatory processes and infections diseases. It strengthens increased formation of leukocytes in the bone marrow. Leukopenia occurs only with pathology associated with inhibition granulocytopoiesis. 

Basophils ranged from 0 to 1 % of the total number of leukocytes. 

Their functions are:

· Maintenance of blood flow in small vessels by secreting heparin into them;

· Secretion of chemoattractant for eosinophils;

· Activaton of the growth of new capillaries;

· Protection of the intestine, skin and mucous membranes when infected with worms and mites;

· Phagocytosis;

Eosinophils 1-5%:
· Protect the body against parasitic infections;

· Inactivate biologically active compounds formed during allergic reactions;

· Have phagocytic and bactericidal activity;

Neutrophils 45-75%:

· Phagocytosis of damaged cells;

· Bactericidal secretion and stimulate tissue regeneration materials;

· Distraction of penetrating into the body of pathogeneous microbial infection.

30-60 seconds after contact of neutrophil with bacterium there arises “flash metabolism” with the formation of hydrogen peroxide, superoxide ions and hydroxyl radicals. They oxidise halogens bacteria membranes. Both neutrophils secrete lysozyme, cationic proteins, lactoferrin, hydrolase, which destroy phagocytosis bacteria. Neutrophils in infected tissues can also form an extracellular bactericide trap. 

Monocyte or macrophagocyte is about 8-10 %. They provide:

· Phagocytic defense against microbal infection;
· Toxic effect on the parasites;

· Participation in the immune response and inflammation;

· Tissue regeneration by stimulating them in fibroblasts, endothelian vascular and smooth muscle cells;

· Regulation of hematopoiesis;

· Phagocytosis of old and damaged blood cells.
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Fig. 65. Leukogram.

2. Regulation of granulocytopoiesis and monocytopoiesis.

Granulocytes and monocytes occur in the bone marrow (fig,66). Colony stimulating factors, which is secreted by monocytes, macrophages and T-lymphocytes stimulates neutrophilopoiesis granulocyte. Colonies and lactoferrin secreted by neutrophils, oppress neutrophilopoiesis. Eosinophilopoiesis stimulate interleukins IL-5 and IL-3. Interleukins IL-4 and IL-3 stimulate the production of basophils. Monocytopoiesis stimulates monocyte colony stimulating factor. Prostaglandins α- and β- interferon that secrete monocytes inhibit. 
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Fig. 66. Regulation of granulocytopoiesis and monocytopoiesis
3. Lymphocytes. Regulation of lymphocytopoiesis.
Lymphocytes make up 28-45%, while the flowing blood has only about 2% of all lymphocytes. Cells live from a few hours to many years. Subpopulations of T- and B-lymphocytes are divided by the functional properties. Lymphocyte functions:

· Provide immune responses;

· Regulate the activity of other cells in immunological reactions;

· Regulate growth, differentiation and tissue regeneration by contact interactions and secretion of cytokines. Multiplication and differentiation of lymphocytes before exposure to antigen (lymphopoiesis) occurs in the bone marrow and thymus. The process of lymphocyte differentiation after exposure to an antigen is called immunopoiesis. Regulation of T- and B-lymphopoiesis in bone marrow is performed by stromal cells. They inhibit B-lymphopoiesis interleukin IL-1α, tumor necrosis factor (TNF), interferon-γ, steroids.
4. Thrombocytes, quantity, functions.
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Fig. 67. Regulation of thrombocytopoiesis

	Thrombocytes in adults are 150 to 320 x109 – ten to the ninth power per liter. Thrombocytes are involved in blood clotting, reduced integrity of damaged blood vessels, exhibit antiparasitic activity. In thrombocytes we identify several areas that perform different functions: peripheral, sol-gel and intracellular organelles. In the peripheral zone there are clotting factors, enzymes and receptors, required for activation, adhesion and aggregation of thrombocytes. 

In the sol-gel zone there is thrombocytes contractile apparatus. In the circulating blood there is up to 70% of platelets and about 30 % is in the spleen. Platelet life time is from 7 to 10 days. 

Intracellular organelles zone includes granules which contain ADH, calcium ions, serotonin, norepinephrine, epinephrine, platelet derived growth factor and lysosomal enzymes. Thrombocytes are produced in the bone marrow.

Thrombocytopoiesis is activated by thrombopoietin (fig.67). Formation of thrombopoietin is stimulated by a decrease of platelet (thrombocytopenia).




5. Types and mechanism of hemolysis.

Hemolysis is the destruction of the red blood cell membrane and hemoglobin arrival to the environment. Depending on factors, damaging the red blood cell membrane, we distinguish:
· hemolysis chemical. Membrane is damaged by acids or alkalis;

· thermic hemolysis. Membrane is damaged if the temperature drops below zero degrees or rises above 40 degrees Celsius;
· biological hemolysis. Membrane is damaged by poisons of insects, reptiles;

· immune hemolysis. Red blood cells stick together and complementary group antigens are destroyed by antibodies;

· osmotic hemolysis. Erythrocytes are destroyed in hypoosmotic (sodium chloride concentration of less than 0,85%) medium.

Laboratory work

Work 1. Determination of the number of leukocytes in the blood
Objective: To master the method of counting white blood cells using a counting chamber to determine their blood and give an opinion on the conformity of the data to the existing standards.
Object of research: human blood.
Equipment: microscope, camera Goryaeva, mixers, alcohol, watch glass, a solution of 5% acetic acid with methylene blue (Türk solution) stored blood.
Stages:
1. Dilute blood 20 times solution Türk. We collect blood in a mixer to the mark with 1 and bring the solution to the mark with 11 Türk.
2. Mix the blood with reagents in a watch glass. acetic acid solution was hemolyzed erythrocytes. Methylene blue stain nuclei of leukocytes.
3. Prepare the camera Goryaeva. The solution was put in a cell and count the leukocytes under a microscope at low magnification of 25 large squares of 16 small divided.
4. The resulting number to enter into the formula
Results: 
The calculation of leukocytes according to the formula: 

Number of cells = (B* 4000 *20) / 400 = B * 106/l
Conclusion:
Work 2. Observation of different types of hemolysis
Objective: To identify the influence of hypotonic environment and some of the chemicals in the red blood cell membrane.
Object of research: human blood.
Equipment: 4 vials, cotton, isotonic and hypotonic solutions of sodium chloride, ether, ammonia, banked blood.
Stages:
Pour 1 tube 1 ml of isotonic solution; a second 1 ml of water, the third 0.5 ml of 5% ammonia solution in chetvertuyu1 ml of hydrochloric acid and added to each drop of blood.
After 10 minutes, a solution to estimate the degree of transparency.
Results:
	Conditions
	The presence or absence of hemolysis
	Type of hemolysis

	Isotonic environment
H2O
5% Ammonia
HCl
	
	


Conclusion:

Work 3. Determination of osmotic resistance
Objective: To become familiar with the methodology of research osmotic resistance of red blood cells.
Object of research: human blood.
Equipment: 12 tubes, isotonic sodium chloride solution, water, stored blood.
Stages:
In the tube was poured into a solution of sodium chloride, gradually decreasing an amount of from 0.7 to 0.15 ml. Then to each tube was added 1 ml of water and thereby obtain a solution of sodium chloride concentration decreasing from 0.7 to 0.15%. Each tube is made of 0.02 ml of blood. Blood descend along the wall of the tube. The tubes were shaken and allowed to stand for 1 hour.
Results.
An hour mark, at which the concentration of sodium chloride occurred partial hemolysis - the minimum limit of resistance of erythrocytes. Border maximum resistance is determined by the concentration of sodium chloride to the test tube, where sludge is no longer fluid and intensely colored (lacquer blood).
Conclusion. Under the osmotic resistance of red blood cells it is the ability of erythrocyte membrane to resist the destructive action of hypotonic solutions. In 0,7-0,6% sodium chloride erythrocytes swell (minimum osmotic resistance) to 0,48-0,44% solution of sodium chloride hemolysed erythrocytes least resistant erythrocytes (maximum osmotic resistance)
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Blood fibrillation. The doctrine about blood groups
Questions:

1. Blood fibrillation process. Blood fibrillation factors.
2. Blood fibrillation phases.

3. The anticoagulation system 

4. The doctrine about blood groups. Rh factor.

1. Blood fibrillation process. Blood fibrillation factors.

Fibrillation is a transition of blood from liquid into a jellylike state. In the course of fibrillation there participate the following plasma factors:

I – fibrinogen
II – prothrombin
III – tissue thromboplastin
IV – calcium ions

V-VI – accelerator globin

VII – proconvertine

VIII - antihemophilic globulin A

IX - antihemophilic globulin B (Christmas factor)

X – Stuart-Prower factor

XI – plasma thromboplastin antecedent

XII – Hageman factor

XIII – fibrin stabilizing factor
Thrombocytic, erithrocytic, leukocytic and tissue factors also participate in fibrillation.
2. Blood fibrillation phases.

Blood fibrillation process procceds in several stages. The first stage is thrombocytic-vascular hemostasis. In the place of damage the vessel reflex is narrowed and a charge of an internal wall of a vessel changes. Here thrombocytes stick (adhesion of thrombocytes). Then thrombocytes flock (aggregation of thrombocytes is reversible). At irreversible aggregation thrombocytes collapse and thrombocytic factors of fibrillation are released. Friable thrombocytic thromb is formed. Under the influence of a thrombocytic thrombostenin there is a thrombus retraction. If a major blood vessel is damaged, they comes the second phase of blood coagulation – coagulation hemostasis. It occurs in three stages. In the first stage tissue and blood thromboplastin appear in the blood.

I            TISSUE                                                BLOOD CELLS


II   PROTHROMBIN                                THROMBIN

III   FIBRINOGEN                                   FIBRIN

In the second phase under the influence of thromboplastin thrombin is formed from prothrombin. In the third stage under influence of thrombin fibrinogen forms fibrin monomer is first-formed. Then there is formed fibrin-polymer. Fibrin polymer forms a network involving formed elements. A loose fibrin thromb is formed.

The third stage is called after a phase of blood fibrillation. At this stage the retraction of a blood thromb takes place under the influence of platelet thrombostenin. Then there occurs fibrinolysis – the destruction of a thrombus. Fracture occurs involving enzyme system consisting of plasminogen, plasmin, plasminogen activators and its inhibitors. 
3. The anticoagulation system.

Anticoagulation system prevents blood fibrillation after the formation of a fibrin thromb. Blood contains substances that prevent blood fibrillation that limit thrombus formation process. It is antithrombin III. It generates 75% of the anticoagulant activity of plasma. It inhibits the activity of thrombin and a number of plasma coagulation factors. Further, there is heparin. It activates antithrombin III, 1000 times reinforcing its effects. Antithrombin action there also possess fibrin strands, which themselves are adsorbed 85% of thrombin. Endothelian cells and smooth muscle cells of blood vessels synthesize substances that prevent platelet attachment to the intact cell vessels. They are prostacyclin I, nitric oxide, thrombomodilin and others.
4. The doctrine about blood groups. Rh factor.

Today there are more than two dozen blood group systems (ABO, Rh-Hr, Dufi, N.M.S`, Zevi, Diego and others). The ABO blood system is divided into groups based on the presence of antigens on erythrocytes A and B. (they are called agglutinogens) and based on the presence of antibodies α and β with A to B) and glue them causing hemolysis. Incompatibility with donor blood group and recipient blood group arises hemoconflict, which ends with the death of the recipient.
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Fig. ABO blood group
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Fig. Diagram of Blood Transfusion
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	On erythrocytes there is also antigen D (Rh). Not all people have it. People with D (Rh) antigen on the red blood cells have Rh-positive, and those who do not have it are rhesus-negative. Rh-positive blood donor causes the formation of antibodies (anti D) in Rh-negative recipient. Re-transfusion of Rh-positive blood in this case can cause hemoconflict. A similar situation occurs in Rh-negative women pregnant Rh-positive fetus. During labor (or a bortion) fetal red blood cells enter the mother`s bloodstream and contribute to development of anti-D. In subsequent pregnancies these antibodies cross the placenta, damage fetal tissue and cause a miscarriage.


Laboratory work

Work 1. Determination of blood groups and Rh by Colyclons.
Objective: Determine blood group ABO system reagents Colyclons

Equipment: Colyclons in bottles: anti-A - pink color, anti-B - blue, anti-AB - colorless, anti-D, tablet, glass rod, cotton, alcohol, stored blood.
Stages:
1. Applied to plate or plate individual pipettes Colyclons anti-A, anti-B and anti-AB one large drop (0.1 ml) under appropriate labels.
2. Near drops antibody coated on one small drop of blood examined (0.01 - 0.03 ml).
3. Mix the blood with a reagent shaking plate.
4. Tracking the progress of the reaction with Colyclons visually under gentle shaking the plate for 3 minutes. Agglutination of red blood cells with Colyclons usually occurs in the first 3 - 5 seconds, but monitoring should be carried out 3 minutes later due to the appearance of the agglutination with erythrocytes containing weak variety of antigens A or B.
5. The result of the reaction in each drop can be positive or negative. A positive result is expressed as the agglutination (gluing) of red blood cells. Agglutinates appear as small red assembly  rapidly mixing in large flakes. When a drop backlash is uniformly reddened, agglutinates it can not be detected.
Interpretation of the results of agglutination reaction is shown in Table Colyclons

Results: 

The presence of agglutination indicates the presence of Rh-factor.
Determination of blood groups by Colyclons
	the study of blood group
	Standard erythrocytes

	
	anti-А
	anti -В
	anti -АВ

	0(I)
	_
	_
	-

	А(II)
	+
	-
	+

	В(III)
	-
	+
	+

	АВ(IV)
	+
	+
	+


Note: The plus sign (+) denotes the presence of agglutination, the sign (-) - No
Conclusion:
Work 2. Determination of blood clotting speed
Objective: Get introduced to the procedure of determining the blood clotting

Equipment: Watch glass, glass hook, cotton, alcohol, stored blood.
Stages:
Pierces deeply finger lancet. On waxed watch glass tolerate a drop of blood. Every 30 seconds a glass hook carried by blood drop. Note the time of appearance of fibrin strands.
Results: 

Time of infliction drops on the glass until the strands of fibrin - a clotting time.
Conclusion:
Work 3. Determination of bleeding time by Duke
Objective: Get introduced to the procedure of determining the bleeding time

Equipment: Stopwatch, scarifier, cotton, alcohol, filter paper is divided into 16 sectors
Stages:
Pierce the finger. The first drop of blood washed wool. Then, every 30 seconds, a finger is applied to the next sector of the filter paper.

Results: 

Determine the duration of bleeding and compared with the norm (4 min).

Conclusion:
Work 4. Decalcification blood. Anticoagulant agents
Objective: Get introduced to the procedure of determining the anticoagulant action of substances on human blood
Equipment: scarifier, sodium oxalate solution, sodium citrate, heparin solution, calcium chloride solution, tubes, blood, cotton
Stages:
Mix the blood with the corresponding substance in a test tube. Watch for an hour for the clotting of blood.

Results: 

Citrate and sodium oxalate binds calcium ions - blood does not clot.
Heparin retards clotting by inhibiting the activation of the prothrombinase and its transformation into an active enzyme. 

When adding calcium chloride will promote clotting.

Conclusion:
Laboratory research 17
Questions to the Colloquium
1. Composition of blood.

2. Blood functions.

3. Physiological constants of blood.

4. Blood plasma. Structure, osmotic and oncotic pressure.

5. Erythrocyte. Structure and functions.

6. Regulation of erythropoiesis.

7. Hemoglobin and its combinations.

8. Erythrocyte sedimentation rate (ESR). Mechanism of ESR.

9. Leukocytes, quantity, leukogram.

10. Regulation of granulocytopoiesis and monocytopoiesis.

11. Lymphocytes. Regulation of lymphocytopoiesis.

12. Thrombocytes, quantity, functions. 

13. Types and mechanism of hemolysis.

14. Blood fibrillation process. Blood fibrillation factors.

15. Blood fibrillation phases.

16. The anticoagulation system 

17. The doctrine about blood groups. Rh factor.
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