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INTRODUCTION

Dear students!
Textbook “Human  Anatomy and physiology. Practical”  for the laboratory classes at the Department of Normal Physiology, Belarusian State

Medical University will help you to master this important discipline for pharmacist.
Each lesson in the practical consists of three parts: the first part includes a list of issues under study, the second — provides additional theoretical

information and tasks for independent work in preparation for the lesson, and the third — is designed to perform laboratory work in the classroom and
signed by the lecturer. Each lesson provides links to sources of basic and additional literature for independent training (see literature).

LIST OF ABBREVIATIONS

BP Blood pressure DD Diastolic depolasation

BP dia blood pressure, diastolic BM body mass

BP sys blood pressure, systolic NA norepinephrine

AV atrio-ventricular node NaCl sodium chloride

ANS autonomous (vegetative) nervous system О2 oxygen

Ach acetylcholine RAAS Renin-angiotensin-aldosterone system

RV Residual volume рО2 tension of oxygen 

Rr Respiratory rate рСО2 tension of carbon dioxide 

TV Tidal volume SPR sarcoplasmic reticulum

VC Vital capacity SA Sinoatrial node

DT Digestive tract Са2+ calcium

IP3 inositol-Tri-phosphate СО2 carbon dioxide

К+ potassium cAMP cyclic adenosine-monophosphate

CC Cerebral cortex cGMP cyclic guanozin-monophosphate
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THE STRUCTURE OF THE TEXTBOOK

The topic of lesson and date of conducting it are stated in the publication. Next, the main questions for the class, on which the students study at
home, in the library, in the computer laboratory are presented. References are located in the right corner. Part of the practical work is performed
independently by the student. Part of the work is done in class. When you are carrying out the work, pay attention to: 1) title; 2) aim of the work; 
3) progress of the work; 4) results; 5) conclusions.

Aim of work — is the main objective of experience, for which a clear conclusion must be formulated at the end of the work.
Work progress — a brief but clear description of the main activities in carrying out the work to the extent necessary for an understanding of 

the results.
Results are written in detail with text, digital data, graphs are provided including charts, pictures.
Conclusion — specially accountable section of the Protocol. It should assess the results obtained using the theoretical material of textbooks and

lectures.
! It is important to trace the connection between the aim of the study and results. If in the course of experiment, unusual phenomena occur, they

are objectively reflected in the report. The protocol is verified and signed by the teacher, and only after that, the lesson is considered done. 
In each lesson, the student surely receives one score on the test, using the computer program.
When entering the score on the final class, the student’s rating is put into consideration during the practical sessions (average score on practical

exercises plus score on the final lesson) / 2.

Navigation: our website — bsmu.by  student

№ Date Topic of lecture: 2 semesters (18 hours – 9 lecturer)
Lesson is credited,

Signature of lecturer
1. 13.02.2017 Circulatory system. Structure and function of the heart
2. 27.02.2017 Regulation of cardiac activity
3. 13.03.2017 Structure and function of the blood vessels. Blood pressure: its types and role
4. 27.03.2017 Hemodynamic regulation
5. 10.04.2017 Respiration. Structure and function of the respiratory apparatus. Regulation
6. 24.04.2017 Structure and function of digestive system
7. 08.05.2017 Metabolism and energy. Thermoregulation
8. 22.05.2017 Excretion. Structure and function of the urinary system
9. 05.06.2017 Practical skills
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Navigation: our website — bsmu.by  student

№ of
week

1. Academic lessons from 06.02.2017 to 09.06.2017.
2. Examination session from 10.06.2017 to 25.06.2017.
3. Holiday from 03.07.2017 to 31.08.2017.

Topic of lesson: (54 hours — 18 lessons)

Lesson is
credited,
Signature

of
lecturer

1. Body fluids (blood, lymph, liquor, saliva). Blood: properties, the quantity, composition and functions
2. Blood cells: erythrocytes, leukocytes, platelets (their structure, number, function). Hemopoesis
3. Blood groups. Hemostasis, species, mechanisms. The concept of fibrinolysis system
4. Colloquium: Physiology and morphology of blood
5. Circulatory system. Structure and function of the heart. Cardiac cycle
6. Research methods of the work of the heart. Regulation of cardiac activity
7. Structure and function of the blood vessels, their morphological and functional classification. Blood pressure: its types and role. 

Microcirculation. Structure and function of the lymphatic system
8. Hemodynamic regulation
9. Respiration. Structure and function of the respiratory apparatus. Gas exchange in the lungs and tissues. Transport of gases in 

blood
10. Regulation of respiration
11. Colloquium: Physiology of circulation and respiration
12. Structure and function of the digestive system. Digestion in oral cavity and stomach
13. Histophysiology processes of digestion and absorption in the small intestine and the large intestine. Functions and structure 

of the liver and pancreas. Regulation of levels of nutrients in the blood
14. Metabolism and energy
15. Thermoregulation
16. Excretion. Structure and function of the urinary system. Regulation of kidney and bladder
17. Colloquium: Physiology of digestion. Metabolism and energy, nutrition. Thermoregulation. Physiology of the excretion
18. Indicators of physiological functions. Admission to the exam

ATTENTION: 2nd semester  — lectures — 18 h (9 lecture), practical class — 54 h (18 lessons), colloquium — 3 (4,11 and 17), credit including
present all lecture and practical class, completed practical manual, text of lecture, positive marcs of colloquium.

If you have penalty, go to deans office, take penalty paper, then prepare lesson or lecture, fill up the practical manual, lecture and then go to yours
lecturer and answers orally (practical class) or writing (lecture).
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SECTION IV
SPECIAL ANATOMY AND PHYSIOLOGY

BODY FLUIDS AND ITS BARRIER FUNCTION. BLOOD: COMMON PROPERTIES, THE QUANTITY, 
COMPOSITION AND FUNCTIONS

Lesson 20

Date: ____________ 20____

Questions to prepare for the lesson:
1. Characteristic  of  external  and  internal  barriers.  Blood-tissue  barriers,

mechanisms for transport of substances and regulation of their permeability.
2. Liquid  fluids:  types  of  (intra-and  extracellular / vascular,  interstitial,

transcellular/liquid); electrolyte composition. Water balance in the body.
3. Blood. General  physico-chemical  properties  of  blood:  the  quantity,

composition and function.
4. Plasma: physico-chemical composition and functions. Mineral substances:

plasma macro-and microelements.
5. Types and functions of plasma proteins (albumins,  globulins, fibrinogen).

The role of proteins in binding and transport of substances (including medicinal).
Functional significance of plasma enzymes: prothrombin, plasmin, renin.

6. Low-molecular nitrogenous compounds (residual nitrogen). The breakdown
products  of  hemoglobin  (bilirubin).  Nitrogen-free  organic  compounds:
carbohydrates, lipids, organic acids.

7. Plasma-substituting  solutions.  Hypo-,  hyper-and  isotonic  solutions.
Hemolysis and its types.

8. Osmotic and oncotic plasma pressure: function, mechanisms.
9. Acid-base equilibrium. Active reaction (pH) of blood, function. Regulation

of blood pH. 
10. Functional system, supporting optimal for metabolism of blood pH.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M.  Physiology : Textbook  / V. M. Moroz ; ed. by  

V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha,
2016. P. 250–293.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –

Дистанционное обучение (http://etest.bsmu.by/) – Pharmacy –
Anatomy and Physiology – Lesson.

3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong.
23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A. C. Textbook of Medical Physiology / A. C. Guyton,
J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 20»         Work 20.1
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(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 20)
Progress of work. Student self-loads program «Занятие 20» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм. ф-т Занятие 20»         Work 20.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 20)
Progress of work. Student self-loads program «Фарм ф-т Занятие 20» and then answers questions.

PROTOCOL: 1. Score registration Protocol _______. Evaluation on testing _______. 2. Score on the lesson ________.

Key terms and concepts         Work 20.3

The blood — tissue barrier is ________________________________ Three groups of blood plasma proteins according to their function:
1)                                 ; 2)                                ; 3) 

List examples of external barriers in the body: 
1) _________________________; 2) __________________________:
А)                               ; B)                               ; C)

Osmotic pressure of blood is __________________________________
__________________________________________________________ 
The value of the osmotic pressure of the blood (____) – (____) mosmol/kg

The internal environment of the body is ________________________ Oncotic pressure of blood is _____________________________________
________________________. Leading role (80 %) in creating the oncotic
pressure make (______________). The magnitude of the oncotic pressure
of blood is (______) – (_____) mm Hg. 

Types of extracellular fluid with examples: 
А) ______________________________________________________
B) ______________________________________________________
C) ______________________________________________________

Hemolysis is the ______________________________________________
____________________________________________________________
There are the following types: 1) __________________________; 
2)                                    ; 3)                                     ; 4) 

Blood is _________________________________________________ Blood pH ___________________________________________________

What are the elements of the blood: 1) _______________________
2)                                                       3)

Plasma  is  ___________________________________________________
Its volume in men (_____) %, in women (____) %

What are the two main functions of blood: 
1) ________________________; 2) ___________________________

Two major electrolyte of blood plasma (________) and (________), which
at 86 % determine the value (____________________) blood pressure.

Methods of taking capillary blood (demonstration). Measures to prevent infection         Work 20.4
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Total clinical blood test is one of the most common laboratory
examinations. Capillary blood is often used for this purpose.
Working with blood one should remember that blood can be
virulent  (HIV,  hepatitis,  etc.)  and  doctors  and  laboratory
assistants performing serological and clinical tests are at risk
of getting infected. That is why while making blood tests one
should follow orders of the Health Ministry of the Republic of
Belarus  №  66  of  2.04.1993  and  № 351  of  16.12.1998  on
prophylaxis  of  viral  hepatitis and AIDS in medical  workers
engaged in taking and analyzing blood.
While  performing  laboratory  tests  of  the  blood  and  other
biological fluids one should use individual protective means: 
a medical gown and rubber gloves,  spectacles,  a mask (or  
a shield).
Any injury of the skin, mucous membranes, getting blood or
other biological fluid of the patient there should be qualified
as a possible contact with the material containing HIV or other
infected agent.
If  the  contact  with  blood  or  other  biological  fluid  was
associated with integument lesions (puncture, cut) the victim
should:
– quickly take off the gloves with the working surface inside;
– squeeze out some blood from the wound immediately;
– rinse the injured site with one of disinfectors (70 % alcohol,

5 % iodine in cuts, 3 % peroxide solution in punctures, etc.);
– wash the hands  with soap under running  water  and then

rinse with alcohol;
– apply a plaster onto the wound.
In case of contamination with blood or other biological fluid

without cutaneous lesions:
– rinse  the  skin  with  alcohol  or  other  disinfectors  if  it  is

absent;
– wash the contaminated site with water and soap and rinse it

with alcohol again.

When biological material has got on mucous membranes of:
– the oral cavity: rinse the mouth with 70 % alcohol;
– the nasal cavity: drop in 30 % solution of albucid from a tube-dropper;
– eyes: wash with water (with clean hands), drop in 30 % solution of albucid from a tube-dropper.  

In case 30 % solution of albucid is absent one can use 0.05 % solution of potassium permanganate
for rinsing mucous membranes of the nose and eyes.

When biomaterial gets on the gown or clothes, this site should be immediately treated with one of
disinfectors.
Materials and equipment: scarificators in sterilizers, cotton wool, alcohol, iodine, rubber gloves, masks,
3 % solution of chloramines.
Accomplishment. Taking capillary blood from the patient should be done as follows:
1. The patient should sit opposite the doctor, the patient’s hand (better non-working) should be on  

the table.
2. Taking blood is done from the 4th finger, as its synovial sheath is isolated preventing the spread of an

inflammatory process to the wrist in case of infecting the site of puncture.
3. The finger skin is disinfected with alcohol.
4. The  scarificator is taken from the sterilizer by the middle with pincers, then with the hand by  

the end opposite to a puncturing one. The  scarificator  point should be kept upward to prevent  
a water drop getting to a cutting edge.

5. A skin puncture is done in the central point of the finger-cushion, the scarificator being thrust to  
a full depth of a cutting surface.

6. The first blood drop is  wiped away with dry cotton wool (to remove tissue fluid),  the finger is
carefully wiped out (the skin should be dry).

7. The next blood drop should have a convex meniscus and not spread about the finger, this drop and
the next ones are taken for analysis.

8. Having taken the blood the puncture site is treated with alcohol or iodine.
Answer to the questions:
Why isn’t the first blood drop recommended to be used for analysis:
_________________________________________________________________________________
_________________________________________________________________________________
Why is the blood usually taken from the 4th finger of a non-working hand?
_________________________________________________________________________________
_________________________________________________________________________________
With safety provisions while performing practical works with blood and other biological fluids as
well as with tissues has been acquainted and instructed ___________________________ (signature)

Osmotic resistance of erythrocytes. Hemolysis         Work 20.5
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On figure calculated:

minimum osmotic resistibility 
of erythrocytes: =

maximum osmotic resistibility 
of erythrocytes: = 

Identify the concepts: 
minimum osmotic resistance of erythrocytes: ___________________________
________________________________________________________________
maximum osmotic resistance of erythrocytes: ___________________________

Specify  which  of  the  solutions  (hypo-or  hyper  tonic)  is
erythrocyte.

Isotonic solution is a _______________________________________________
Examples:
Hypotonic solution is ______________________________________________
Examples:
Hypertonic solution is ______________________________________________
Examples:

Blood composition         Work 20.6

9

Erythrocyte in izotonic solution

Concentration NaCl, %

Osmotic resistance of erythrocytes
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Fill in the table.

       

1 — take venous blood 2 — blood collection tube with blood 3 — blood composition
in a centrifuge at 10 minutes

Hematocrit — this ________________________________________________________________________________________________________
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BLOOD CELLS: ERYTHROCYTES, LEUKOCYTES, PLATELETS-STRUCTURE AND FUNCTION. 
HEMOCYTOPOESIS

Lesson 21

Date: ____________ 20____

Questions to prepare for occupation:
1. Blood cells. Red blood cells: number, structure and function. Hemoglobin:

number, its connections and types, chemical structure, functions.
2. Leukocytes:  the  number,  structure,  types,  functions.  Leukogram.

Physiologic leukocytosis. Leukocytes in specific and nonspecific immune responses.
3. Platelets: number, structure and function. 
4. Total analysis of blood: their physiological assessment. 
5. Hemocytopoesis  and  immunogenesis  organs  (Central  and  peripheral):

structure and function.
6. Hemocytopoesis (haematopoesis). Stem cell theory: their types, properties,

and  functions.  Regulation  of  cellular  composition  of  blood:  stimulators  and
inhibitors of eritrocytopoesis, leykocytopoesis, trombocytopoesis.

7. Essential nutrients, vitamins and minerals for Hemocytopoesis. 
8. Functional system that supports optimal number of blood cells for metabolic

processes 

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook  / V. M. Moroz ; ed. by  

V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha,
2016. P. 250–293.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –

Дистанционное обучение (http://etest.bsmu.by/) – Pharmacy
– Anatomy and Physiology – Lesson.

3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong.
23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A. C. Textbook of Medical Physiology / A. C. Guyton,
J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 21»         Work 21.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 21)
The progress of the work. Student self loads program «Занятие 21» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм ф-т Занятие 21»         Work 21.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 21)
The progress of the work. Student self loads program «Фарм ф-т Занятие 21» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol __________. Evaluation on testing _________. 2. Score on the lesson _________.
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Key terms and concepts         Work 21.3

The number of RBC in the blood of healthy adult person:
men (_______) · 1012/l; women (_________) · 1012/l

Leukopenia is the ___________________________________________

Eritrocytosis is ______________________________________________ Leukogram is _______________________________________________

Eritropenia is _______________________________________________ List the functions of leukocytes: 1) _____________________________; 
2)                                                      ; 3) 

Three main reasons of eritropenia: 1) ___________________________; 
2)                                                    ; 3) 

The number of platelets in the blood of healthy adult person regardless of
gender is (____________) · 109/l

Hemoglobin in the blood of healthy adult person:
men (_______________)g/l; women (_______________) g/l

Trombocitos is ______________________________________________

The two main functions of hemoglobin: 1) _______________________; 
2) 

Thrombocytopenia is a _______________________________________

The number of leukocytes in the blood of healthy adult person regardless
of gender is (_____________) · 109/l

Hemocitopoesis is a ________________________________________

Leukocytosis is _____________________________________________ Central organs of hemocitopoesis and immunogenesis: 
1)                                                       ; 2)

Examples of physiologic Leukocytosis: 
1) _________________________; 2) __________________________; 
3)                                                   ; 4)

The author of the theory of stem cells — _________________________

12



Blood cells         Work 21.4

Correctly fill up the table, sign and paint the proposed drawings.

Indicator Red blood cells Leukocytes Platelets
Quantity in 1 l of blood 
in men, women

The presence of nuclei

Organelles types

Form

Formation place

Life expectancy

Place of death

Formation day

Function

Answers: a. Red blood cells, b. Platelet, c. Leukocytes, d. Basofil, e. Eosinofil, f. Neutrophils, 
g. Lymphocyte, h. Monocyte.

13



Evaluation of a color index         Work 21.5

To  evaluate  an  absolute  content  of  hemoglobin  in  every
erythrocyte  the  MCN  (Mean  Corpuscular  Hemoglobin)  index
approximately equal to 30 pg (25.4–34.6) is used. Its value is obtained
by division of the hemoglobin content in 1 liter by red blood cells count
in 1 liter.

The color index (CI) is a relative value of hemoglobin content  
in red blood cells. CI is calculated by division of the hemoglobin content
in g/l (Hb) by the number of the first three digits of red blood cells count
in  1  liter  of  blood  with  multiplication  of  the  received  value  by  3.  
The calculation can be presented by the following formula. For example,
the  blood  hemoglobin  content  is  152  g/l,  the  erythrocyte  count  is  
4.56 × 1012/l; then CI is equal to 3 × 152 : 456 = 1.00.

CI of a healthy person is 0.8–1.05 (normochromia). In decreased
hemoglobin content in red blood cells CI is less than 0.8 (hypochromia
that usually occurs in iron deficiency in the organism), in increased —
over 1.05 (hyperchromia which is noted in insufficiency of vitamin B12
and/or folic acid in the organism).

Directions for recording the Protocol:
Calculate CI of the tested blood using the data of works 3.3 and 3.4.
Evaluate the obtained result (normo-, hypo- or hyperchromia).

PROTOCOL

1. Hemoglobin content in tested blood is equal to
     _______________ g/l.

     Red blood cells count in tested blood is equal to
      _______________ × 1012/l.

CI = 3 × (_______ : _______)   = ________

2. Conclusion: ______________________________ 
(normo-, hypo- or hyperchromia)

14



ESR evaluation by Panchenkov’s method (demonstration)         Work 21.6

Unless the blood is not coagulated, red blood cells sediment to the
test-tube bottom as  their  specific  weight  (1.096 g/ml)  is  higher
than that of plasma (1.027 g/ml). Normal values of ESR in healthy
people are: in men 1–10 mm/h; in women 2–15 mm/h. The most
important  factors  affecting  ESR  are  the  proportion  of  various
kinds of blood plasma proteins as well as red blood cells content.
An increase of large plasma proteins,  globulins  and fibrinogen,
and/or decrease of albumins in plasma as well as decrease of red
blood cells is associated with an increase of ESR. An increase of
red blood cells in the blood as well as an increase of albumin and
bile  pigments  results  in  a decrease of ESR. A higher  value of  
the ESR norm in women is associated with a less red blood cells
content. Under physiological conditions an increased ESR is noted
during pregnancy, in eating dry food and fasting, after vaccination
(due  to  an  increase  of  globulins  and  fibrinogens  in  plasma).
Delayed ESR can be noted in blood thickening due to enhanced
perspiration  (for  example,  in  high  external  temperature)  or
enhanced  formation  and  content  of  erythrocytes  in  blood  (for
example, in Alpine residents and mountaineers).
Many  diseases  are  accompanied  by  ESR  changes.  Thus,  an
increased ESR is noted in the majority of infectious, inflammatory
and  autoimmune  diseases  (due  to  hyper-globulinemia  and/or
hyperfibrinogenemia),  kidney diseases  with nephrotic  syndrome
(due  to  a  loss  of  albumins  with  urine  and  development  of
hypoalbuminemia), malignant tumors and hemoblastoses (due to
an  increased  content  of  large-molecular  proteins  in  the  blood
and/or depression of erythropoesis and development of anemia),
endocrine  diseases  (thyrotoxicosis  and  diabetes  mellitus)  and
anemia of different genesis. A decreased ESR, up to a complete
stop of sedimentation, occurs in erythrocytosis.

Materials and equipment: Panchenkov’s device, a watch glass, scarificators in
sterilizers, rubber gloves, masks, cotton wool, alcohol, iodine, 3 % solution of
chloramine, 5 % solution of sodium citrate.

                   
Accomplishment.  Panchenkov’s  device  is  used  to  evaluate  ESR.  A pipette
(capillary) of the device is washed with 5 % solution of sodium citrate. The
taken blood is carefully stirred with sodium citrate  on the watch glass. The
mixture is drawn into the pipette to mark 0. The pipette is placed into the stand
for 1 hour in a strictly vertical position. The result is assessed by a decrease of a
red column of red blood cells in the capillary from point 0 (in millimeters).
While  evaluating  ESR  this  should  be  followed  strictly:  the  proportion  of
sodium  citrate  and  blood  1:4;  verticality  of  the  pipette  in  the  stand;  the
temperature in the room — 18–22 °C (in lower temperature ESR decreases and
in higher — increases).

PROTOCOL

1. ESR of tested blood = ________ mm/h.
2. ESR normal  values:  in  men  __________  mm/h;  in  women

_______ mm/h;
3. While evaluating ESR the blood is mixed with 5 % solution of

Na  citrate  with  the  aim
_________________________________________________
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Conclusion: ESR is ___________________ (in norm, increased or decreased)

Physiological assessment of the total blood test         Work 21.7
Total  clinical  blood  test  is  one  of  the  most  common  laboratory  examinations.  
It includes evaluation of the following indices:
1) hemoglobin content (g/l);
2) red blood cells count per 1 liter of blood;
3) calculation of color index;
4) white blood cells count per 1 liter of blood;
5) leukocyte formula;
6) erythrocyte sedimentation rate (ESR).
Additional examinations include: evaluation of platelets in 1 liter of blood, count of
reticulocyte percentage and some other indices. Modern hematologic analyzers allow
additional  evaluation  of:  the  hematocrit,  mean  volumes  of  red  blood cells,  white
blood cells and platelets; mean hemoglobin content in red blood cell, etc.
Using total  blood test  indices  the  doctor  may assess  the  respiratory  function  of  
the blood (by the hemoglobin content, red blood cells count); erythropoesis intensity
(by  the  reticulocyte  count);  suggest  the  presence  of  infectious,  inflammatory  and
autoimmune processes  in  the  organism (by the  white  blood cells  count,  shift  of  
the leukocyte formula to the left and ESR changes) etc.
Directions for recording the Protocol:
Fill in the table of the total blood test indices. 

PROTOCOL

Factor Norm Main function
1. Red Blood Cells (RBC) (3,9–5,1)  1012/l, men

(3,7–4,9)  1012/l, women
2. Hemoglobin (Hb) 130–170 g/l, men

120–150 g/l, women
3.Color index 0,8–1,05
4. ESR 1–10 mm/h, men

2–15 mm/h, women
5. White Blood Cells (WBC) (4–9)  109/l
6.Leukocyte formula Per 100 cells (100 %)
6.1. Basophils 0–1 %
6.2. Eosinophils 1–5 %
6.3. Neutrophils:

myelocytes
young
rod nuclear
segmented

0 %
0–1 %
1–5 %

46–68 %
6.4. Monocytes 2–9 %
6.5. Lymphocytes 18–40 %  
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Abbreviations used for hematologic factors
1. WBC (white blood cells) — total leukocyte count;
2. RBC (red blood cells) — erythrocyte count;
3. HGB (hemoglobin) hemoglobin content;
4. HCT (hematocrit) — hematocrit factor;
5. MCV (mean corpuscular volume) — mean red blood cells volume;
6. MCH (mean corpuscular hemoglobin) — mean hemoglobin content in an red blood cell;
7. MCHC (mean corpuscular hemoglobin concentration) — hemoglobin content in 100 ml of red blood cells (hemoglobin concentration in one 

red blood cell);
8. PLT (platelets) — thrombocyte count;
9. W-SCR — percentage of small leukocytes, i.e. lymphocytes;
10. W-LCR — percentage of large leukocytes, i.e. total percentage of neutrophils + monocytes + basophils + eosinophils;
11. W-SCC — or  LYMPH - absolute small leukocyte count, i.e. lymphocytes; 
12. W-LCC — or MO + GR — absolute count of large cells, i.e. total count of neutrophils + monocytes + basophils + eosinophils; 
13. RDW (red cell distribution width) — distribution width of red blood cells by the volume;
14. PDW (platelet distribution width) — distribution width of platelets by the volume;
15. MPV (mean platelet volume) — mean thrombocyte volume. 
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BLOOD GROUPS. HEMOSTASIS, TYPES, MECHANISMS. 
THE CONCEPT OF THE FIBRINOLYTIC SYSTEM. ANTICOAGULATION SYSTEM

Lesson 22

Date: ____________ 20____

Questions to prepare for the lesson:
1. Blood group (Systems:  АВО,  Rh,  HLA).  Methods  for  determination  of

blood group.
2. Physiological basis of blood transfusion.  
3. Effects of blood transfusion on incompatible:  а) group system АВО, b) on

the rhesus factor. Prevention of hemolytic disease of newborn.
4. The concept of blood products and blood substitutes.
5. The concept of the system of RASB (regulation of the aggregate state of

blood): its components and features.
6. The  coagulation  system  of  blood:  the  main  factors  and  mechanisms  of

primary (vascular-platelet) and secondary (coagulation) hemostasis.
7. The concept of fibrinolysis and its mechanisms. 
8. Anticoagulative  blood  system.  Natural  anticoagulants:  primary  and

secondary.
9. The  role  of  liver  cells  and  lung  in  the  synthesis  of  components  of  

the coagulation and anticoagulation systems.
10. Artificial anticoagulants, fibrinolytic, and hemostatic drugs.

LITERATURE

The main
1. Lecture.
2. Moroz, V. M.  Physiology : Textbook / V. M. Moroz ;  ed. by  

V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha,
2016. P. 250–293.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by  –  Cтуденту (at  the  right  bottom)  –

Дистанционное обучение (http://etest.bsmu.by/) – Pharmacy –
Anatomy and Physiology – Lesson.

3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong.
23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A. C. Textbook of Medical Physiology / A. C. Guyton,
J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 22»         Work 22.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 22)
The progress of the work. Student self loads program «Занятие 22» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм ф-т Занятие 22»         Work 22.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 22)
The progress of the work. Student self loads program «Фарм ф-т Занятие 22» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol _________. 2. Evaluation on testing _________. 3. Score on the lesson ________.
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Key terms and concepts         Work 22.3

Agglutination is _____________________________________________ The full name of the system RASB, the names of its three components:
System  ____________________________  includes  three  components:
1)                                  ; 2)                                 ; 3)

Agglutinins (antibodies) is ____________________________________ Hemostasis is _______________________________________________

_______________________________________. Two of its mechanism:
1)                                                        ; 2)

Aggljutinogeny (antigens) is ___________________________________ Coagulation or clotting of blood is ______________________________

Serum is ___________________________________________________ The names of the phases of secondary hemostasis: I phase —_________;

II phase —                                          ; III phase — 

The standard serum is ________________________________________ Thrombus — _______________________________________________

The donor is ________________________________________________ The fibrinolysis system function — _____________________________

The recipient is _____________________________________________ Three phases of fibrinolysis: 1) ________________________________; 

2)                                                          ; 3)

Scarificators — it ___________________________________________ Anticoagulants — ___________________________________________
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Blood typing in the O-A-B system using standard serums (demonstration)         Work 22.4

The O-A-B system blood group is determined by the presence of agglutinogens in red blood cells which is
revealed by the hemagglutination reaction using standard serums. The interaction between red blood cells
antigens of the tested blood and corresponding antibodies (agglutinins) of the standard serum underlies the
bases of such reaction. As antibodies contained in standard serums are known, red blood cells antigens of
the tested blood and consequently the blood group in the O-A-B system are determined by the presence or
absence of agglutination.
Materials and equipment: standard serums of 0αβ(I),  Aβ(II),  Bα(III) and AB0(IV) groups of two
various  series;  pipettes  for them;  special  plate;  glass  sticks;  isotonic  (0.9  %)  solution  of  NaCl;
scarificators  in  sterilizers;  cotton wool;  alcohol;  iodine;  rubber gloves;  masks;  3  % chloramine
solution.
Accomplishment.  Blood  typing  should  be  done  in  the  room  with  sufficient  illumination  and  at  
the temperature of 15–25 °C.
Determination is done on special plate. 0.1 ml (1 large drop) of every standard serum of two series is
applied to appropriate depressions of the plate. 
The blood for the test is taken from the finger in compliance with all necessary rules. The first blood drop
is taken off with a gauze ball. Then the blood is added with glass sticks (5–10-fold less than the serum)
to every drop of the serum and carefully stirred. The obtained mixture is mixed again by rocking the plate.

Standard serums of 0αβ(I), Aβ(II), Bα(III) 
and AB0(IV) groups of two various series

Special plate Scarificators

Four different combinations of the reaction are possible:

Agglutinins  of  standard  serums  of  all  3  groups  did  not  cause
agglutination, and all  drops stayed regularly stained in red. In this
case the blood belonged to group 0αβ(I) (type O).
Agglutinins of standard serums of groups 0α (I) and Вα (III) caused
a positive reaction of agglutination, and serums of group А (II) — 
a negative one. The tested blood belongs to group А (II) (type A).
Agglutinins of standard serums of groups 0α (I) и А (II) caused a
positive reaction of agglutination, while serums of group Вα (III) —
a negative one. The tested blood belongs to group Вα (III) (type B).
Agglutinins of standard serums of all three groups caused a positive
reaction of agglutination. The tested blood belongs to ABо(IV) group
(type AB). 

Draw scheme for each experiment: (5–10-fold less than the serum, 15–25 °C )

      

0αβ(I) /type O/ А (II) (type A) Вα (III) (type B) ABо(IV) (type AB)
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Blood typing in the O-A-B system using standard serums (demonstration) (2)         Work 22.4

In this case, before giving such a conclusion, to exclude non-specific agglutination, it is
necessary to do an additional control test with the standard serum of AB0(IV) group by
the  same  technique.  The  absence  of  agglutination  in  this  test  allows  to  consider  
the former reactions specific and refer the tested blood to AB0(IV) group. The presence
of agglutination with the serum of AB0(IV) group reveals non-specific agglutination.  
In this case the test should be repeated with washed red blood cells.
Revealing  other  combinations  of  agglutination  reactions  testifies  to  improper  blood
typing.
Errors while determining blood groups are possible in situations, when agglutination is
not revealed or a false agglutination occurs.
The absence of agglutination may be due to the following causes: 1) retardation of this
reaction at high temperature of the environment >25 °C (blood typing should be done
only at the room temperature of 15–25 °C); 2) addition of an excess of tested blood to
standard serums resulting in a decrease of agglutinin titer in their content (remember
that a drop of the applied blood should be 5–10 times less than that of the serum);  
3) weak activity of the standard serum or low agglutinin ability of red blood cells.
Revealing false agglutination in its real absence may be due to drying of a serum drop
and  formation  of  red  blood  cells  “monetary  columns”  (nummiform  red  cells
aggregarion)  or  appearance  of  cold  agglutination  at  the  temperature  less  than  
15 °C. The addition of a drop of isotonic NaCl solution to the tested mixture of serum
and blood and performing the test at the temperature higher than 15 °C allow to avoid
the mentioned errors.

The reaction is observed during 5 minutes. Usually the agglutination
reaction starts during the first 10–30 seconds, however agglutination
may  be  late,  e.g.  with  red  blood  cells  of  A2β(II)  group.  As
agglutination occurs, but not earlier than in 3 minutes, per 1 drop of
NaCl isotonic solution are added into those drops, where agglutination
has  already  occurred,  and  observation  is  continued  followed  by
rocking  the  plate  for  5  minutes,  and  only  then  the  final  result  is
assessed.
The  reaction  in  every  drop  may  be  either  positive  or  negative.  
In a positive reaction there appear small  red granules (agglutinates)
seen with naked eye in the mixture; they consist of glued red blood
cells. Step-by-step they cluster and form larger granules or flakes of
irregular shape. Meanwhile the serum becomes completely or partially
decolorized. In case of a negative reaction the content of drops stays
regularly  stained  in  red,  and  agglutinates  are  not  revealed  there.  
The results of the reaction in both serum series should be identical.
Note.  In  case  of  a  doubtful  or  unclear  result  during  the  first
determination of blood group a repeated test of the blood group of  
the same blood with standard serums of other series should be done. 
If  the  results  remain  still  unclear,  the  blood  group  should  be
determined by a cross-method using standard serums and standard red
blood cells or monoclonal antibodies (see the supplement).

Directions for recording the Protocol:

Fill in tables 22.1 and 22.2. 
Indicate in table 22.2, when 
agglutination occurs (+) and 
when doesn’t (–).

Table 22.1                                                                                   Table 22.2
Blood
groups

Serum agglutinins
Red blood cells
agglutinogens

Blood
groups

Standard serums
0αβ (I) Аβ (II) Вα (III) АВ (IV)

0αβ (I) 0αβ (I)

Аβ (II) Aβ (II)

Вα (III) Bα (III)

АВ0 (IV) AB0 (IV)
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Evaluation and physiological assessment of primary hemostasis indices         Work 22.5

The term hemostasis means a complex of reactions to stop bleeding in
vascular injuries and maintenance of blood liquid state in vessels. 
Since bleeding and thrombus formation in vessels of various sizes have
different courses, there are two basic mechanisms of hemostasis:
microcirculatory, vascular-thrombocyte  or  primary  mechanism  of
hemostasis. It starts reactions of hemostasis in capillaries, venous and
arterial  vessels  up  to  200  μm in  diameter.  This  process  involves
platelets and endothelium of vessels. Almost 80 % of bleedings and 
95 % of thrombus formations are associated with the impairment of
this mechanism.
Macrocirculatory, hemocoagulatory or secondary mechanism starts as
a rule on the basis of the primary one and follows it. It is accomplished
by the blood coagulation system. Due to the secondary hemostasis a
red thrombus is formed, it consists mainly of fibrin and blood cells. It
provides a final stop to bleeding from injured macro vessels (over 200
μm in diameter).
Primary  (vascular-thrombocyte,  microcirculatory)  hemostasis  means
fast (within several minutes) formation of platelet clots at the site of
vessel injury what is very important for stopping bleeding from small
vessels with low blood pressure. 
The components of the primary hemostasis are vascular wall, platelets
and their coagulation factors. 
The primary hemostasis stages are:
1) spasm of vessels;
2) platelets  adhesion  (involving  Willebrand’s  factor),  their
activation  and  secretion  of  platelets  granules  (involving
thromboxane A2 through a phospholipase mechanism), as well as
platelets aggregation (at first it is reversible and then irreversible
due to the action of thrombin and fibrin traces) with the formation
of a platelets plug;
3) retraction (constriction and consolidation) of the platelets plug. 
The  most  important  screening  indices  characterizing  the  primary
hemostasis are: bandage test, platelets count, bleeding time by Aivy
or Duke. 

A. Bandage test (evaluation of a vascular component of the primary hemostasis).
The  method  is  based  on  the  fact  that  dosed  mechanic  action  (pressure)  on  skin
capillaries of a healthy person does not cause any substantial changes. When the normal
state  of  a  capillary  wall  is  impaired,  increased  vascular  fragility  occurs  and  after
mechanic  action at  the site of  the pressure multiple petechiae or hemorrhage appear
manifesting the impairment of a vascular component of hemostasis.

Materials  and  equipment:  a  tonometer,  a  stop-
watch,  a  circle  of  dense  card-board  2.5  cm  in
diameter, a pen or a pencil.
Accomplishment. The test is done on the forearm. A
circle  2.5  cm in  diameter  is  outlined  1.5–2.0  cm
from the ulnar pit. To do a test one should check if
there are any hemorrhages in this circle (and their
number if there are any). The blood pressure cuff is
applied and the pressure of 80 mm Hg is created.
The pressure is sustained at this level for 5 minutes
pumping  the  air  if  necessary.  The  arm  of  the
examined person should be relaxed and lie freely.

All petechiae that appeared in the outlined circle are counted in 10–15 minutes (taking
into consideration those present before). In healthy persons petechiae are not formed or
their number does not exceed 10 in the circle and their sizes are not more than 1 mm in
diameter  (negative bandage test).  An increase of  the  petechiae number  over  10 and
petechiae  sizes  over  1  mm  in  diameter  or  the  presence  of  a  hemorrhage  (positive
bandage test) evidence the following: wall defects of micro vessels due to endocrine
changes (menstrual period); infectious-toxic effect (sepsis etc.); insufficiency of vitamin
C;  the  impairment  of  Willebrand’s  factor  formation,  etc.;  the  presence  of
thrombocytopenia or thrombocytopathia etc.

PROTOCOL

1. Petechiae number in the circle before the test ________________ (no, 1, 2, 3, …)
    Petechiae number in the circle in 10–15 minutes after the test ______ (no, 1, 2, 3, …).
    If petechiae are present, indicate their diameter _______ (below 1 mm or over 1 mm).
2. Conclusion: bandage test _______________________________________________

(negative= without petechiae or positive = with petechiae)
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Work 22.5

B. Time of bleeding by Duke.
The time of bleeding evaluated by Duke’s method gives a
general idea,  if the primary hemostasis  function is normal
(and first of all it allows evaluating the function of platelets,
their  ability  for  adhesion  or  aggregation).  An  increase  of
bleeding  time  evidences  the  impairment  of  the  primary
hemostasis  due to thrombocytopenias,  thrombocytopathias,
vascular  wall  injuries  or  a  combination  of  these  factors.
Reducing  the  bleeding  time  evidences  only  an  enhanced
spastic ability of peripheral vessels.

Materials and methods: a stop-watch, sterile filter paper, scarificators in sterilizers,
cotton wool, alcohol, iodine, rubber gloves, masks, 3 % solution of chloramine.
Accomplishment.  Puncture the 4th finger-cushion to the depth of 3 mm. If this is
done properly, the blood is discharged spontaneously without pressure. Having made
a puncture, switch on the stop-watch. Touch the first appearing blood drop with a
strip of sterile filter paper that absorbs the blood. Then take off further blood drops
with sterile filter paper every 30 sec. Avoid touching the skin with filter paper, as it
stimulates premature stop of bleeding. Continue till  blood traces are absent on the
filter paper. In norm the bleeding time by Duke is 2–4 min.

PROTOCOL

1. Bleeding time is _________ min _________ sec.
2. Conclusion: Bleeding time _______________________________________
                                                                 (norm, increased, reduced)

Fibrinolysis, its mechanisms. Draw scheme
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FINAL “MORPHOLOGY AND PHYSIOLOGY OF THE BLOOD” Lesson 23

Date: ____________ 20____

Questions to prepare for the final lesson:
1. Characteristic  of  external  and  internal  barriers.  Blood-tissue  barriers,  mechanisms  for  transport  of  substances  and  regulation  of  their

permeability.
2. Liquid fluids: types of (intra-and extracellular / vascular, interstitial, transcellular / liquid); electrolyte composition. Water balance in the body.
3. Blood. General physico-chemical properties of blood: the quantity, composition and function.
4. Plasma: physico-chemical composition and functions. Mineral substances: plasma macro-and microelements.
5. Types and functions of plasma proteins (albumins, globulins, fibrinogen). The role of proteins in binding and transport of substances (including

medicinal). Functional significance of plasma enzymes: prothrombin, plasmin, renin.
6. Low-molecular  nitrogenous  compounds  (residual  nitrogen).  The  breakdown  products  of  hemoglobin  (bilirubin).  Nitrogen-free  organic

compounds: carbohydrates, lipids, organic acids.
7. Plasma-substituting solutions. Hypo-, hyper-and isotonic solutions. Hemolysis and its types.
8. Osmotic and oncotic plasma pressure: function, mechanisms.
9. Acid-base equilibrium. Active reaction (pH) of blood, function. Regulation of blood pH. 
10. Functional system, supporting optimal for metabolism of blood pH.
11. Blood cells. Red blood cells: number, structure and function. Hemoglobin: number, its connections and types, chemical structure, functions.
12. Leukocytes:  the number, structure, types,  functions. Leukogram. Physiologic leukocytosis.  Leukocytes  in specific and nonspecific  immune

responses. 
13.  Platelets: number, structure and function. 
14. Total analysis of blood: their physiological assessment. 
15. Hemocytopoesis and immunogenesis organs (Central and peripheral): structure and function.
16. Hemocytopoesis  (haematopoesis).  Stem  cell  theory:  their  types,  properties,  and  functions.  Regulation  of  cellular  composition  of  blood:

stimulators and inhibitors of eritrocytopoesis, leykocytopoesis, trombocytopoesis.
17. Essential nutrients, vitamins and minerals for Hemocytopoesis. 
18. Functional system that supports optimal number of blood cells for metabolic processes
19. Blood group (Systems: АВО, Rh, HLA). Methods for determination of blood group.
20. Physiological basis of blood transfusion.  
21. Effects of blood transfusion on incompatible: а) group system АВО, б) on the rhesus factor. Prevention of hemolytic disease of newborn.
22. The concept of blood products and blood substitutes.
23. The concept of the system of RASB (regulation of the aggregate state of blood): its components and features.
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24. The coagulation system of blood: the main factors and mechanisms of primary (vascular-platelet) and secondary (coagulation) hemostasis.
25. The concept of fibrinolysis and its mechanisms. 
26. Anticoagulative blood system. Natural anticoagulants: primary and secondary.
27. The role of liver cells and lung in the synthesis of components of the coagulation and anticoagulation systems.
28. Artificial anticoagulants, fibrinolytic, and hemostatic drugs

LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ;

ed.  by  V.  M.  Moroz,  O.  A.  Shandra.  2nd  ed.
Vinnytsia : Nova Knyha, 2016. P. 250–293.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For

English  Groups  –  Normal  Physiology  –  For
Pharmacy Students.

2. www.bsmu.by  –  Cтуденту (at  the  right  bottom)  –
Дистанционное обучение (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F.  Ganong. 23th  ed.  McGraw-Hill  Companies,
Inc., 2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A.  C. Guyton,  J.  E.  Hall. 12th  ed.  WB Saunders,
2005.

Instructions on the completion of the protocol:
Students  sit  for  the  final  classes  in  the  final  form of  a  computer  or  written  test  (if

required in combination with an oral examination) with the mandatory rating score.
Computer testing is the first step, which involves for the completion of control work in

the  computer  class  on  the  programme  “Testing  –  Control  testing  –  final  pharm.  faculty
“General  Physiology  with  the  basics  of  human  morphology”.  Lesson  9.  Knowledge
assessment involves grading from 1 to 10 points on the following scale:

99–100 % — 8 points
91–98 % — 7 points
81–90 % — 6 points
76–80 % — 5 points
71–75 % — 4 points
61–70 % — 3 points
51–60 % — 2 points
41–50 % — 1 points
21–40 % — 0 points
0–20 % — 0 point. 

Each student is required to calculate the rating of their academic performance, which is taken
into account when placing the final score. Rating is determined by the summation of all scores
obtained in each lesson and dividing this sum by the number of score.

PROTOCOL

Total number of questions _________. Number of correct answers _________. Score on testing _________. Rating ___________.

Final grade for the colloquium _________ points _________;
taking into account the rating, is calculated as follows: (score on rating + score on testing) ________ ________ + / 2 = ________ points.
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CIRCULATORY SYSTEM. STRUCTURE AND FUNCTION OF THE HEART. CARDIAC CYCLE Lesson 24

Date: ____________ 20____

1. General  plan  of  structure  of  the  cardiovascular  system.  Systemic  and
pulmonary circles of blood circulation, direction of movement of blood in them.
Value of blood circulation to the body. 

2. Heart:  topography, macroscopic  structure,  especially  the  blood supply
and nutrition. Microscopic structure of endo-, myo- and epicardium. Pericardium.

3. Hemodynamic cardiac function: main indicators.
4. The topography of the nodes and bundles of the conducting system of the

heart. Ultrastructure of myocytes of heart conduction system.
5. Substrate and nature of automatism. Pejsmeker. Excitation of the heart.

Atrioventricular delay. Gradient avtomatisity.
6. Ultrastructure  of  contractile  cardiomyocytes.  Types  of  contacts

cardiomyocytes.
7. Features  of  myocardial  excitability  and  contractility.  The  ratio  of

excitement, excitability and contraction of myocardial cell.
8. Laws contraction of heart.
9. Cardiac cycle.

LITERATURE 

The main
1. Lecture.
2. Moroz,  V. M.  Physiology  :  Textbook  /  V. M.  Moroz  ;  ed.  by  

V. M.  Moroz,  O.  A.  Shandra.  2nd ed.  Vinnytsia  :  Nova Knyha,
2016. P. 293–376.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For  English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by – Cтуденту (at the right bottom) – Дистанционное

обучение  (http://etest.bsmu.by/)  –  Pharmacy  –  Anatomy  and
Physiology – Lesson.

3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong. 23th
ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A. C.  Textbook of Medical Physiology / A. C. Guyton,  
J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 24»         Work 24.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 24)
The progress of the work. Student self-loads program «Занятие 24» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм ф-т Занятие 24»         Work 24.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 24)
The progress of the work. Student self-loads program «Фарм ф-т Занятие 24» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol ______. 2. Evaluation on testing _______. 3. Score on the lesson ______.
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Key terms and concepts         Work 24.3

Cardiovascular system (CVS) is a _______________________________ The conductive system of the heart presented: SA _________________;
AV __________________________; bundle ______________________
and it brunches; fibers 

The main function of the CVS is ________________________________ Avtomatisity is a ___________________________________________

The heart and blood vessels are ______________, tubular bodies consist
of  three  shells:1)  ______________  (formed  a  single  flat  epithelium,
endothelium, blood contact); 2) ______________; 3) _______________

Function of rhythmic cardiomyocytes : 1) _______________________; 
2)________________; 3) _________________; 4) _________________

The topography of the heart: ___________________________________ Cardiac cycle is _____________________________________________

The names of the 4 Chambers of the heart: 
right: 1) ______________________; 2) _________________________; 
left: 3) _______________________; 4) __________________________

Three groups of external manifestations of cardiac activity: 
1) _________________________; 2) _________________________; 
3) __________________________

Systemic circulation begins ____________________, retreating from the
________ ventricle, and ends ____________, falling in _____________
Atrium

The names of 4 laws of heart contraction: 1) _____________________; 
2) law _____________________; 3) law ________________________; 
4) _______________________________

Pulmonary circle of blood circulation starts ______________________,
departing from ______________ ventricle, and ends _______________,
falling in _________________________ Atrium

The names of the phases of the cardiac cycle: 1) ___________; 2 and 3)
asynchronous  and  isometric  _____________;  4  и  5)  fast  and  slow
______________; 6) _______________; 7) Isometric ______________;
8 and 9) fast and slow ___________________

On the  arteries  and veins  of  the  systemic  circle  pulmonary  circle  of
blood __________________ with great content ___________________.
Through the  veins  and arteries  of  the  systemic  circle  and pulmonary
circle of blood _______________________

Indicator  of  mechanical  pumping  function  of  the  heart  is  _________
__________________. Calculation CO by formula: CO = ___________.
Normal values CO in rest and physical trening: 
CO rest = _____–_____ l/min; CO work = ______–_____ l/min

Physiological properties of cardiac muscle: 
1) ________________; 2) ________________; 3) _________________;
4) ________________; 5) ________________; 6) _________________

I heart tone is called __________________________ and formed during
________________________, II  tone is  called  ___________________
______________ and formed during ____________________________
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Determination of the duration Work 24.4 Cardiac cycle         Work 24.5
of the cardiac cycle by pulse

27

Cardiac  cycle  is  one  full  sequence  of  contraction  and relaxation  of  
the  heart,  or  the  period  of  time  covering  one  contraction  (systole)  and
relaxation (diastole) atria and ventricles. 

The duration of the cardiac cycle (DCC) is inversely proportional to  
the heart rate (HR) and is calculated by the formula:

DCC = 60: HR.
Normally,  a  healthy  adult  human  when  you  wake  in  a  state  of

physiological  dormancy DCC is 0.67–1.00 s.  Increase in DCC is observed
with  bradycardia  (heart  rate  <  60  beats/min),  and  decrease  of  DCC  —
tachycardia (HR > 90 beats/min).

Materials and equipment: stopwatch.
The progress of the work. Palpation pulse of the radial artery at the

wrist or at the examinee. Through 5 minutes of rest in a sitting position pulse
count  the  number  of  beats  for  60  s  (heart  rate-heart  rate).  Calculate  the
average duration of one cardiac cycle (DCC) according to the above formula.

Directions to registration Protocol:
1. Specify the heart rate.
2. Calculate the duration of the cardiac cycle.
3. Make a conclusion about accordance of the duration of the normal

cardiac cycle.
PROTOCOL

1. Heart rate __________________ beats/min.
2. The duration of the cardiac cycle _________ s.  
3. Conclusion. The duration of the cardiac cycle _______________________
(norm, shortened, lengthened)

Make a table: specify the periods and phases of the cardiac cycle,
their  name,  the  position  of  the  valves  of  the  heart  and  blood
pressure level in the atria and ventricles in corresponding phase.



General plan of structure of the cardiovascular system. Systemic and pulmonary circles         Work 24.6
of blood circulation, direction of movement of blood in them 

Answer Key: 
a. Intenal jugular vein,
b. Common carotid artery,
c. Superior vena cava, 
d. Brachial artery, 
e. Inferior vena cava, 
f. Aortic arch, 
g. Pulmonary trunk, 
h. Heart, i. Aorta, 
j. Femoral artery,
k. Femoral vein

Answer  Key:  a.  Right  atrium,  b.  Aorta,  c.  Left  atrium,  d.  Right  ventricle,  e.  Left
ventricle, f. Systemic, g. Pulmonary, h. Pulmonary artery, i. Pulmonary vein, j. Infenor
vena cava, k. Vein, l. Venule, m. Capillary, n. Arteriole, o. Artery
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Heart: topography, macroscopic structure, especially the blood supply and nutrition.         Work 24.7
Microscopic structure of endo-, myo- and epicardium. Pericardium

Answer Key: a. Pulmonary semilunar valve, b. Aortic semilunar valve,  
c. Left atrioventricular valve, d. Right atrioventricular valve, e. Sinoatrial
node,  f.  Atrioventricular  bundle,  g.  Atrioventricular  node,  h.  Bundle
branches, I. Purkinje fibers 

CONDUCTION PATHWAY

Answer Key: a. Pulmonary trunk, b. Pulmonary semilunar valve, c. Left  atrium, e. Left atrioventricular valve, f. Aortric semilunar valve, g. Left ventricle, h. Endocardium,
i. Epicardium, j. Myocardium, k. Parietal pericardium, l. Fibrous layer, m. Serous layer, n. Interventricular septum, o. Trabeculae carneae, p. Inferior vena cava, q. Papillary
muscle, r. Right ventricle, s. Chordae tendineae, t. Right atrioventricular valve, u. Opening of coronary sinus, v. Fossa ovalis, w. Right atrium, x .Superior vena cava, y. Aorta
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METHODS OF STUDYING THE HEART WORK. REGULATION OF CARDIAC ACTIVITY Lesson 25

Date: ____________ 20____

1. External signs  of cardiac activity.  The concept of methods of studying the
heart: ECG, PCG, rheography, echocardiography (ultrasound). 

2. Methods of studying the electrical activity of the heart: electrocardiography.
3. Intracardiac  mechanisms  of  regulation  of  cardiac  activity:  hetero-  and

homeomeometric  regulation  (Starling  law  of  the  heart,  Anrep  effect).  Intracardiac
nervous system. 

4. Extracardiac mechanisms of nervous regulation of work  of  the heart.  
The autonomic innervation of the heart.

5. Characteristics  and  mechanism  of  effects  of  the  sympathetic  and
parasympathetic nervous system on heart activity. M-cholinergic receptors and α- and
β-adrenergic receptors of the myocardium: the physiological effects of their excitation.

6. Extero-  interoreceptive reflex effects on the heart.  Intracardiac  and
intravascular  receptive  fields  and  their  importance  in  the  regulation  of  work  of  
the heart. Autonomic cardiac reflexes (Dagnini-Ashner, Goltz, Bainbridge).

7. Humoral  regulation.  Influence  of  electrolytes,  hormones  and  other
biologically active substances on the work of the heart.

8. The regulation of coronary blood flow. The role of metabolic products (lactic
acid, ADP, adenosine) in the regulation of coronary blood flow.

LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by 

V. M.  Moroz,  O.  A.  Shandra.  2nd  ed.  Vinnytsia  :  Nova
Knyha, 2016. P. 293–376.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For

English  Groups  –  Normal  Physiology  –  For  Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Study computer programme «Занятие 25»         Work 25.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 25)
Work progress. Student independently loads the programme «Занятие 25» and examines the teaching material in detail.

Control computer programme «Фарм ф-т Занятие 25»         Work 
25.2
(Testing  Тесты для самоконтроля  Фарм ф-т Занятие 25)
Work progress. Student independently loads the programme «Фарм ф-т Занятие 25» and then answers the questions.
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PROTOCOL: 1. Score for design of the protocol ____________. 2. Score on test ____________. 3. Score on lesson ____________.
Basic terms and concepts         Work 25.3

Electrocardiography is ________________________________________ Insert the designation of the standard 12 lead ECG during registration:
classical  bipolar  leads ___,___,__; reinforced leads  on the extremities
____,____,____; unipolar chest leads ____,____,____,____,____,____

ECG indicate ______________ processes, occurring in the myocardium,
while PCG –_________________ phenomenon in the heart and the state
of its _______________apparatus

Two types of intra-cardiac mechanisms of regulation of the work of the
heart: 1) ________________________; 2) ________________________

Frank-Starling law states that __________________________________
__________________________________________________________.
The second name for this law — law __________________ regulation

The  law  of  homeometric  self-regulation  (phenomenon  of  Bowditch)
occurs in that _______________________________________________
_________________________________. Phenomenon of Bowditch has
the second name as __________________________________________

Intracardiac nervous mechanism of regulation of the work of the heart is
initiated  from the receptors  ___________________________________
__________________________________________________________

Extra-cardiac  mechanisms  of  regulation  of  the  work  of  the  heart  are
divided into  two major groups: 1) _____________________________;
2) ______________________________________

The heart of an adult person is under constant tonic control from the side
of __________________ division of ANS, which ___________ its work

Parasympathetic  division of the ANS ___________ work of the heart
with the participation of the mediator ______________, which acts via
___________________-receptor

Sympathetic division of the ANS _____________ work of the heart with
the participation of the mediator, ____________________ which acts via
_________________ receptor

Bainbridge reflex is __________________________________________

Cardiovascular center is ______________________________________ Inhibition of the work of the heart occurs in reflexes: Ashner during a
light pressing on _____________; Goltz by tapping on _____________;
with baroreceptors of the carotid sinuses at __________ BP of blood

The hormones of the adrenal medulla ___________ and _____________
via ________________-receptor _____________ frequency and strength
of contraction of the heart. The second messenger of their actions inside
cardiomyocytes is ________________________

The cardiomyocytes of the atria synthesize the hormone ____________
or _____________________ factor, which inhibits the work of the heart
by  increase  excretion  of  ions  of  _______________  and  urine  and
_________________ circulating blood volume
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Analysis of influence of receptor mechanisms on sympathetic and parasympathetic divisions         Work 25.4
of the ANS and their neurotransmitters on the work of the heart 

1. Demonstration computer programme “Physiol2”.
2. Demonstration of education vedeofilms. 
– Preparation of the isolated frog heart preparation.
– Regulation of the work of the frog heart by electrolytes,

hormones and neurotransmitters.
Work  procedure. Open  the  programme  “Physiol2”.

Choose  the  command  Help  →  Preparation  and  remember  
the scheme of conduction of the experiment  on virtual  mouse
(see  work  1.7  pp.  13,  14  in  the  first  part  of  the  workshop).
Through the commands Continue → Help → Drugs indicate the
substance which will be used for analysis of the neuromediator
mechanisms.  Next  simulate  the  experiment,  during  which  
the  students  have  to  do  the  appropriate  records,  notes  and
drawings  to  correctly  formulate  a  conclusion  and  to  answer
correctly  to  the  questions  available  in  the  protocol.  After
repeating the work “Physiol2”, continue with demonstration of 2
training videos. They show the preparation of an isolated frog
heart — one of the classical objects of physiological experiments
(1st  video),  and  its  application  to  the  study  the  humoral
mechanisms  of  regulation  of  cardiac  activity  (2nd  video),
namely, the influence of adrenaline and acetylcholine,  calcium
and potassium on the heart.

Instructions on the formulation of the protocol:
1. Answer the questions in the protocol.
2. Make a conclusion about the nature of the impact on the

strength  and  frequency  of  contractions  of  the  heart  by  the
sympathetic and parasympathetic divisions of the ANS, as well
as the neurotransmitter  and receptor mechanisms of realization
of these influences.

PROTOCOL

1. How does the heart beat changes (increases / ↑ / or decreases / ↓ /) in the
condition of changing extracellular concentration of ions: increase in the level of
Ca2+ ___ (↑, ↓); lowering of Ca2+ ___ (↑, ↓); a small increase or decrease in the
level of K+ ___ (↑, ↓); a significant increase in the level of K+ ___ (↑, ↓)?

2. How do the frequency and force of contraction of the heart change in the
conditions of application of acetylcholine ___  (↑,  ↓)  and catecholamines
(adrenaline and noradrenaline) ___ (↑, ↓)?

3. Why  is  K+ sometimes  called  “liquid  vagus”,  and  Ca2+ —  “liquid
sympathicus”? K+ is sometimes called “liquid vagus”, as its excess significant
increase in the extracellular fluid, like vagus ___________ (inhibits or activates)
the work of the heart and the action of the neurotransmitter of the vagus _______
(AH  or  HA)  after  binding  to  _____  (N  or  M)  ___________  receptor
_________________ associated with the opening (K+, Na+, Ca2+) channels. Ca2+

is sometimes called “liquid sympathicus” as its ↑ in extracellular fluid increases
the  rate  and force  of  contraction  similar  to  the  sympathetic  neurotransmitter
______  (ACh  or  NA),  the  effect  of  the  latter  after  binding  _____  (α  or  β)
______________ receptor activation of adenylate cyclase and ↑ cAMP levels in
↑ cardiomyocytes caused by increased protein phosphorylation ______ (K+, Na+,
Ca2+) channels and influx of _______ (K+, Na+, Ca2+) into the cell. 
Conclusion. Stimulation of the sympathetic nerve to the heart and introduction
of NA ___ (↑, ↓) the frequency and force of heart contractions. Neurotransmitter
of sympathetic nerves in the heart is ________________________, the effect of
which is realized through activation of _____________________ type receptors.
Stimulation of the vagus and the introduction of ACh ____ (↑, ↓) the frequency
and force of heart  contractions.  Neurotransmitter  in the heart  of the vagus is
______________________,  the effect  of  which  is  realized  through activation
____________________ type receptors.
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Electrocardiography         Work 
25.5

Electrocardiography is  a  method  of  graphic  registration  of
electric potential difference between the electrodes on the body surface,
reflecting changes in the myocardial electrical processes.

Materials  and  equipment: ECG,  electrodes,  conductive  paste,
gauze  pads,  5 % solution  of  NaCl,  phonocardiographic  console with  
a  microphone,  paper  recorder  and  ink  to  the  self-writing  of  
the electrocardiograph.

Work  procedure. Prepare  the  electrocardiograph  and
phocardiographic  console  to  work  in  accordance  with  the  attached
instructions.

Place the subject on the couch. Apply electrodes to record ECG in
standard lead II: on the right hand (the electrode with red markings) and
left leg (electrode with a green label), as well as on the right foot for
earthing  the  patient  (electrode  with  black  markings).  To  improve  
the quality of the ECG recording and reduce current interference ensure
good electrode contact with the skin. To do this, you are required to: 

1) first degrease with alcohol in the skin areas of electrodes; 
2)  if  skin  is  very hairy,  moisten  the  place  electrodes  are  to  be

placed with soap and water; 
3) cover the electrodes with a layer of conductive paste, or place

under the electrodes pads, moistened with a solution of 5–10 % NaCl (or
water), which allows to reduce the resistance between the electrode and
the skin surface. 

Fasten microphone phonocardiographical  consoles  with a  rubber
band  on  the  chest  in  the  region  of  the  apical  impulse.  Record 
the calibration signal (1 mV = 10 mm). Register PCG and ECG (usually
in the II standard lead) during stoppage of breathing at exhalation, at  
a  paper  speed  of  broaching  electrocardiograph  mechanism  50  or  
100 mm/sec.

Instruction on the formulation of the protocol: 
1. Paste or sketch the ECG recording.
2. Conduct general analysis of the ECG according to the suggested

plan. 
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Electrocardiography (continuation)         Work 25.5

General analysis of ECG

ECG analysis  begins  with an  assessment  of  the  correctness  of  its
registration:

а) the presence of interference (if it is significant, then it is necessary
to re-record the ECG)

b) calibration signal amplitude (mV 1  =  10  mm,  the allowed
deviation ± 1 mm), c) speed (V) motion of paper during ECG registration.

1. Determination of the nature of rhythm (correct and incorrect):
measure the length of 5–6  sequentially registered R-R  intervals.  
If  the duration of these intervals are equal  to or differences of adjacent
intervals do not exceed 10 %, the rhythm is referred to as correct. Healthy
young  people  have  sinus  respiratory  arrhythmia,  in  which  there  is  
a  periodic  gradual  shortening  of  the  R-R  intervals  on  inspiration  and
lengthening  of  the  interval  R-R on exhalation.  To eliminate  respiratory
arrhythmia, ECG is recorded with holding of breath.

2. Determination  of  heart  rate  (HR) per  minute  at  the  correct
timing  is  performed  for  the  duration  of  one  interval  R-R,  which
corresponds to the duration of one cardiac cycle. To calculate the HR at  
the correct heart rhythm in one minute, it is necessary to devide 60 seconds
(1 minute) by the duration of RR in seconds. HR = 60 / RR (s).

HR  in  a  healthy  person  at  rest  is  60  to  90  beats  per  minute.  
The  increase  in  HR greater  than  90  per  minute  while  maintaining  the
proper sinus rhythm is called sinus tachycardia. In healthy people, it occurs
during physical exertion or emotional stress. The reduction in HR below 
60 per minute while maintaining the proper sinus rhythm is called sinus
bradycardia.  Among healthy people,  sinus bradycardia  is often observed
only in athletes.

3. Evaluation of the wave and intervals is carried out on the ΙΙ
standard lead. The wave “Р, R, Т” — are positive (above the isoline).
The wave “Q and S” — are negative (below the isoline) or may be
absent. PQ interval (from the beginning of the P tooth to the beginning
of the Q tooth) reflects the excitation of atria (P tooth) + conduction of
excitation in the atrioventricular connection and system of His.

QRS complex reflects ventricular excitation. QRST complex —
QT interval (from the beginning of Q tooth to the end of QT) reflects
electrical ventricular systole.

4. Determination of the source of  cardiac rhythm (sinus or
non-sinus). In a normal condition, the sinus rhythm is recorded, which
is characterized by the presence of positive P waves having a normal,
the same shape,  and each preceding the QRS complex  in the II
standard lead. 

5. Evaluation of conductivity is carried out by determination of
the duration of P tooth (the normal values are 0.08–0.10 second), РQ
interval (normal is 0.12–0.20 second) and the QRS complex (normal is
0.06–0.10 second) in the II standard lead. 

6. Calculation and evaluation of systolic index (SI). 

SI = QТ ∙ 100 % / RR.

The normal value of SI in males is 37–43 %, while in females —
40–46 %. 

Determination of electric axis of the heart. Electric axis of the
heart (EAH)  —  is the direction of average resulting  vectors  of
ventricular depolarization (QRS). Its position depends on the position
of the heart  in  the chest.  For  more  information  about  determining  
the direction of EAH see below “Additional information”. One lead is
insufficient to determine the EAH.
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Electrocardiography (continuation)         Work 25.5

3. ECG analysis:
1 mV = _____ mm, Vtape broaching = ______ mm/s. 
3.1. Character of rhythm _______________ (correct, incorrect), in as much as duration of

interval RR — _____ sec., _____ sec., _____ sec., _____ sec., _____ sec. are the same or the

differences ____ (<, >) 10 %.
3.2. HR _____________________ (normal, tachycardia, bradycardia), in as much as RR =

_____ mm; RR (sec) = RR (mm) : V (mm/sec) = ___________ sec.; 

HR = 60 (sec.) : RR (sec).= ________ (min1). 

Evaluation of the amplitude of ECG wave      Evaluation of duration of wave and intervals

ECG
wave

Amplitude of the wave in millimeters
Wave
and

intervals

The duration of wave and intervals 
in seconds

Normal
On the
ECG

Evaluation
(normal,

disordered)

Normal
(seconds) On the

ECG

Evaluation
(normal,

disordered),
↑, ↓)

min max min max

P 0.5 2.5
Р 0,08 0,1
Q 0 0,03

Q 0 3
R 0,03 0,09
S 0 0,03

R 10 20
Т 0,05 0,25

PQ 0,12 0,20

S 0 6
QRS 0,06 0,10
QT 0,27 0,40

T 2 10 RR 0,67 1,00

3.3. The  shape,  amplitude,  duration  of  wave
and duration of the intervals ______________
(normal,  disordered).  The wave РRТ
__________________  (positive  or  negative),
the  wave  Q  and  S  _____________________
(negative or absent). 
3.4. Rhythm __________ (sinus or non-sinus),
in as much as there are P wave ____ (yes, no),
_____________________ (positive,  negative),
preceded by ___ (yes, no) each QRS complex.
3.5. Conduction function _________________
(not  disordered,  disordered),  in  as  much  as
duration  of  P tooth  ______ sec.,  PQ interval
______ sec., QRS complex ______ sec.
3.6. SI  = ______ % and corresponds ______
(yes, no) normal. 

Conclusion: 
______________________________________
____________________________________
Character of rhythm, HR, source of rhythm,
conduction function
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BASICS OF PHONOCARDIOGRAPHY

Phonocardiography — method of graphic recording of sounds (tones and noise) arising from
the work of the heart.

You can also use the computer program “Heart Sounds and Murmurs” to study the basics
of phonocardiography. The work is done independently on their own outside classroom hours.

1. Open the computer program “Heart Sounds” and activate the “General Tutorials” icon and
then  the  icon  “Introduction  of  Auscultation”  and  in  this  section  “Introduction  to  the
Phonocardiogram” icon. Consistently activating “Next” icon, listen, carefully observe the recording
of sounds and mark the phonocardiographic differences between sounds of low and high frequencies
and noise.

2. Activate in the same window “Listening Areas”  icon.  Moving  the  mouse  cursor  over  
the background image of the chest and heart get the main point of listening to heart sounds. 

– At  the  point  on  the  apex  of  the  heart,  in  the  5th  intercostal  space  on  the  left,  on
medioclavicular line — “Apex”, I, II, IV heart sound and sound of expulsion of blood into the aorta.

– In the area of projection of the tricuspid valve of right ventricle at the lower left edge of  
the sternum – Lower Left Sternal Border, sound of the closing of the tricuspid valve and pumping of
blood into a. pulmonalis is mainly heard.

– In  the  2nd  intercostal  space  on  the  left  edge  of  the  sternum  –  Pulmonic  Area,  the  
a. pulmonalis component of the 2nd heart sound is heard.

– In  the  2nd intercostal  space  on  the  right  edge  of  the  sternum – Aortic  Area,  the  aortic
component of the 2nd heart sound is heard. 

3. Activate in the same window – “Introduction of Ausculatation” the icon “Normal First and
Second Sounds at Apex and Base”. By activating further with click of the apical region of the heart
“First Sound — Mitral and Tricuspid Valve Closure”, watch the video of systole and diastole of the
heart,  the dynamics of the closing of the mitral and tricuspid valves, and their contribution to the
formation of the 1st heart sound at the apex.

By activating the aortic region “Second Sound — Aortic and Pulmonary Valve Closure”, watch
the  video  of  systole  and  diastole  of  the  heart,  dynamics  of  the  closing  valves  and  the  main
contribution  to  the  formation  of  the  2nd heart  sound,  that  is  heard  in  the  2nd  intercostal  space
parasternal line.

BASICS OF ECHOCARDIOGRAPHY

Echocardiography —  a noninvasive
method for studying the dynamics of 
the linear dimensions of the morphological
structures of the heart and blood vessels,
which allows to calculate the speed of these
changes as well as changes in the volume of
cavities of the heart and blood in the course
of the cardiac cycle. 

Echocardiographic study is carried out
by  sending  a  probe  inside  the  body  in
certain  areas,  generated  short  series  of
ultrasonic waves by the device. Part of the
ultrasonic waves passing through the body
tissues  is  partially  absorbed  by  them  and
reflected waves (e.g.,  from the surfaces of
myocardium and blood, valves, and walls of
blood  vessels  and  blood  wall)  extend  in  
the opposite direction to the body surface,
and  are  captured  by  sensor  receiver  and
converted  into  electrical  signals.  After
computer  analysis  of  these  signals  on  
the  display  screen,  ultrasound  image  of  
the dynamics  of  processes  taking place  in
the heart during the cardiac cycle is formed.
According  to  the  result  of  calculation  of  
the distance between the working surface of
the  sensor  and  the  surfaces  of  different
tissues  or  density  changes,  a  lot  of  visual
and digital  echocardiographic indicators of
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When you are finished with the program, serially activate “EXIT button”, “Yes”, “EXIT button”
and close the program.

heart can be acquired.

Analysis of the echocardiographic parameters of the heart can be
carried out using the computer program “Heart Sounds and Murmurs”
in extra (outside the classroom) time.

1. Open  the  computer  program  “Heart  Sounds”  and  activate  
the  “General  Tutorials”  icon  and  the  window  “Introduction  to  Cardiac
Imaging Modalities”, and then “Transthoracic Echocardiogram”.

 In  the  pop-up  video  image  (left),  a  visible  line  of  projection  of  
the parasternal (from the Greek “para” — near, at and the Latin “sternum” —
breastbone)  length  of  the  long  axis  of  ultrasonic  wave  propagation  and
dynamic  image  (left  and  right)  changes  in  ventricular  septal  thickness,
ventricular cavities, cusps position of the mitral valve.

 Alternately activate icons “Labels” and “Play” and identify emerging
inscriptions on the ultrasound image of the heart structures listed. Compare
picture  on the  right  with elements  of  ECG changes  of  the interventricular
septal thickness during systole and diastole of the heart.

 Pay attention to the nature of movement of the anterior and posterior
cusps  of  the  mitral  valve.  At  the  point  d,  the  valve  opening  occurs  —
divergence  of  its  cusps;  between  d and  e (rapid  ventricular  filling  phase)
anterior leaflet of the mitral valve is moved to the interventricular septum. In
the phase of slow (reduced) filling — the area between e and f, leaflets of the
valve float, and come close to each other, but remain open.

 During atrial contraction, leaflets of valve again diverge at a certain
distance (the area from  f to  a) and at the end of presystole again approach
each other (the area from a to c). At the point c, the leaflets of the valve are
closed  (the  end  of  the  asynchronous  phase  of  contraction)  and  remained
closed until the end of the isometric relaxation period of the ventricle (the cd
area).  Pay  attention  to  the  lower  amplitude  of  the  ultrasonic  image  of  
the movement  of the posterior  leaflet  of the mitral  valve and the opposite
direction of these movements in comparison with movement of the anterior
leaflet.

 Compare  these  elements  of  the  ultrasonic  dynamics  of
movement  of  the  leaflets  of  the  mitral  valve  with  changes  of  
the elements of ECG and other indicators of ultrasonic images.

2. Activate  a different icon in the form of a circle  of gray
color  under  ultrasound  image  on  the  left.  Note  the  change  in
direction of the long axis of propagation of ultrasonic waves. On
the pop-up ultrasound image, observe the dynamics of change of
left  and  right  ventricular  dimensions,  left  atrium,  aortic  valve
position.  For  their  identification,  alternately  activate  the  icons
“Labels” and “Play”.

3. Activate  “Transesophageal  Echocardiogram”  icon  and
using another – the short axis of propagation of ultrasound, study
the  dynamics  of  changing  the  position  of  the  aortic  valve  and  
the size of the right ventricle during the cardiac cycle.
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When you have finished with the program, serially activate
the icons “EXIT”, “Yes”, “EXIT” and close the program.
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HEMODYNAMICS. THE STRUCTURE AND FUNCTION OF BLOOD VESSELS. 
BLOOD PRESSURE: TYPES AND ROLE. MICROCIRCULATION. 
STRUCTURE AND FUNCTION OF THE LYMPHATIC SYSTEM

Lesson 26

Date: ____________ 20____

1. Hemodynamics,  its laws.  Hydrodynamic  patterns of blood flow through the
vessels. Factors that ensure the movement of blood through the vessels, and its return
to the heart.

2. The topography of vessels of minor and major circulation. Morphological and
functional classification of vessels. 

3. The microstructure of the walls of arteries, arterioles, capillaries, veins. Venous
valves, their functions. Arteriolo-venular anastomoses.

4. Blood pressure: types, changes along the course of the bloodstream. Factors
determining arterial blood pressure value. The notion of “normal value” of BP, age-
related changes in blood pressure. Methods for measuring blood pressure.

5. Linear and volume blood flow in different parts of the vascular bed. Arterial
pulse: sphygmography. Venous pulse. Central venous pressure.

6. Microcirculatory bed as structural and functional complex, its links.
7. Physiological  essence of  microcirculation.  Osmotic,  oncotic  and hydrostatic

pressure in the capillaries and tissues. Mechanism transcapillary exchange.
8. The structure of the lymphatic system: topography and structure of the lymph

nodes and blood vessels. 
9. The functions of the lymphatic system. Lymph circulation. Lymph formation

and composition of lymph. Regulation of lymph circulation.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by 

V. M.  Moroz,  O.  A.  Shandra.  2nd ed.  Vinnytsia  :  Nova
Knyha, 2016. P. 377–436.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For

English  Groups  –  Normal  Physiology  –  For  Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W.  F.  Ganong. 23th  ed.  McGraw-Hill  Companies,  Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Study computer program «Занятие 26»     
Work 26.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 26)
Work procedure. Student independently loads the program «Занятие 26», and examines the course material in detail.

Control computer program «Фарм ф-т Занятие 26»         Work 26.2
(Testing  Тесты для самоконтроля  Фарм ф-т Занятие 26)
Work procedure. Student independently loads the program «Фарм ф-т Занятие 26» and later answers the questions that follow.
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PROTOCOL: 1. Score for formulation of protocol ___________. 2. Score for testing ___________. 3. Score for lesson _____________.
Basic terms and concepts         
Work 26.3

Hemodynamics is ___________________________________________ Morphological classification of blood vessels: 1) __________________;
2) __________________________; 3) __________________________;

Factors that ensure the movement of blood in the vessels and its return to
the heart: 1) ______________________; 2) ______________________;
3) ________________; 4) ________________; 5) ________________;
6) ________________; 7) __________________

Functional classification of blood vessels: 1) _____________________;
2) ________________; 3) ________________; 4) ________________;
5) ________________; 6) __________________

Vessels are ____________, tubular organs, containing three membranes:
1) ________________ (lined by endothelium); 2) _________________;
3) ________________

Blood  capillary  wall  from  three  membranes  has  three  cell  types:  
1) _________________; 2) ________________; 3) _________________

Microvascular bed is a system of small vessels (diameter less than 100
micron), which include: 1) ________________; 2) _________________;
3)_________________________; 4)__________________________

Microcirculation is __________________________________________

The minor and the major circulation are interconnected _____________
____________________. Indicate the volume velocity of blood flow in
the minor circulation ___________________, if in the major it is 5 l/min

The highest  linear  velocity  of  blood flow ____–____ m/s  occurs  in  
the aorta in the period _____________ of the ventricles, the lowest — in
____________________ and is ____–____ mm/s

Blood pressure is ____________________________________________ Normal value of systolic arterial pressure of blood in an adult person is
___–___ mmHg, while the diastolic blood pressure — ___–___ mmHg

Factors that determine the value of blood pressure: 
1) ________________; 2) ________________; 3) ________________;
4) ________________; 5) _________________

Functions of the lymphatic system: 1)  __________________________;
2)  __________________________;  3)  _________________________;
4) ___________________________; 5) __________________________

Lymphatic vessels are distinguished into: 1) ______________________;
2) ___________________________; 3) _________________________;

Morpho-functional features of lympho-capillaries: 1) _______________;
2) ________________; 3) _________________; 4) _________________
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4) main lymphatic trunks: а) _______________; б) _________________

Determination of arterial blood pressure in humans by the Korotkov method
        Work 26.4

BP — an important indicator of the state of the cardiovascular system. The study of
the cardiovascular system starts with the measurement of blood pressure and heart rate
determination. To measure blood pressure in humans using various methods: auscultatory
(Latin auscultatio — listening) method of Korotkov, oscillographic, ultrasound method etc. 

Materials  and equipment: Aneroid sphygmomanometer with a cuff for adults 
(130 × 270  mm),  a stethoscope (without membrane),  a stethoscope (stethoscope (from
Greek stethos —  chest and skopeo —  look,  examine),  a device for listening to natural
sounds, occurring in the human body). 

In order to accurately measure blood pressure, you should choose the proper size
cuff. The correct size depends on the limb circumference on which you want to measure
the blood pressure. For adults, the width of the inflated cuff should be about 40 % of that
of the circumference (an average of 12–14 cm) and cuff length — about 80 % (an average
of 24–28 cm). Too short or narrow cuff may show abnormal, excessive blood pressure
values. Using the standard size cuff in patients with obesity may lead to misdiagnosis of
hypertension. 

Sphygmomanometer can be either a mercury or aneroid. Since aneroid device is
often a not very accurate after repeated use, it must be checked periodically.

Work procedure. Measurement technique of blood pressure by Korotkov method.
Before the  measurement  of  blood pressure  in  the  subject,  it  is  necessary not  to

smoke  or  take  caffeine  within  30  minutes.  The  person  must  rest  within  5  minutes
immediately before measurement is taken. The room should be quiet and warm.

The hand selected for measurement of blood pressure, should be freed from clothes
and relaxed. On this hand, there should not be arteriovenous fistulas for dialysis, scars
from the cuts of the brachial  artery, lymphedema (lymph accumulation in tissues) that
may result from the removal of the axillary group of lymph nodes or radiation therapy. If
you have not probed the radial pulse, then do it, to make sure that it is not changed.
Place  the  hand  so  that  the  brachial  artery  (in  the  elbow)  is  at  heart  level  (fourth

If  the  brachial  artery  is  below  the  level  of  
the heart,  the  blood pressure values  can  be inflated.  
If the patient supports himself by the hand, it can also
inflate the blood pressure figures.

Place the camera of cuff over the brachial artery.
The lower part  of the cuff should be located  2.5 cm
above the elbow. Fasten the cuff so that it fits shoulder
snugly. The patient’s hand should be slightly bent at  
the elbow.  If the cuff does not tightly fit the hand or  
the camera is inflated beyond the cuff, it can also lead
to an overestimation of blood pressure indicators.
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intercostal space at the edge of the sternum). When the subject is sitting, it is best to
place his/her hand on the table,  just  above the waist  level.  When you measure blood
pressure in a standing person, try to support his hand on the mid-chest level.

To determine the level to which the pressure in the cuff should be raise to, first, by
palpation estimate the systolic blood pressure. By controlling the radial pulse with one
hand, quickly inflate the cuff until the  radial pulse disappears. Remember the gauge
reading and add an  additional 30 mmHg. This method is used so that too much high
pressure in the cuff when it is inflated further do not cause discomfort for the subject. 

Put  the  stethoscope  over  the  brachial  artery so  that  its  diaphragmless  part  fits
snugly to  the hand. Since the sounds (Korotkoff)  are relatively low pitched, they are
better  heard  without  the  membrane.  Rapidly  inflate  the  cuff  to  a  level  specified
previously, and then slowly release the air at about  2–3 mm Hg per sec. Remember  
the level at which you hear the sound for at least two consecutive contractions. This value
corresponds to the systolic BP.

Continue to reduce the pressure in the cuff until  the sound fades off, does not
disappear. In order to make sure that the sound is really gone, continue to listen until  
the pressure decreases by 10–20 mm Hg. Then quickly release all the air from the cuff so
that the pressure drops to zero. The point of disappearance of the sounds, which is only 

The  next  dimension  in  1–5  minutes  after  getting  up  may  reveal
orthostatic  hypotension,  missed  with  previous  measurements.  Re-
measurement  of  blood  pressure  is  particularly  necessary  in  the  elderly.
Reducing  a  human  systolic  blood  pressure  by  20  mm Hg.  Art.  or  more,
especially  when  combined  with  the  appropriate  symptoms,  indicating
orthostatic  (postural)  hypotension.  The  reasons  may include:  medications;
reduction in circulating blood volume; prolonged bed rest (or in the dentist's
chair in a half-lying position, especially in the elderly or children); diseases
of the autonomic nervous system.

Evaluation of the results.
Normally, the blood pressure values in a healthy adult in a state of

physiological  rest  are  (table  26.1):  Systolic  (SBP)  —  110–139  mm  Hg;
diastolic (DBP) – 60-89 mm Hg. Increased values of blood pressure (SBP ≥
140 mm Hg and DBP ≥ 90 mm Hg) is called hypertension, while lowering of
blood pressure (SBP < 110 mmHg and DBP < 60 mm Hg) — hypotension.
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a few millimeters of mercury below the start of muting, the most accurate figure indicates
diastolic BP in adults. In some people, start point of muting and its disappearance point
are quite considerably spaced apart. If the difference is greater than 10 mm Hg, write
down both values (e.g. 154/80/68 mm Hg). 

Round off the value of the systolic and diastolic blood pressure in the range of  
2 mm Hg. Wait 2 minutes and then repeat. If the first two readings differ by more than 
5  mm  Hg,  it  is  necessary  to  measure  blood  pressure  again.  When  using  a  mercury
sphygmomanometer gauge keep upright and take all reading at eye level with the use of
lenses. If you use an aneroid device, keep the scale right before your eyes. Try not to
inflate the cuff by slow repetitive movements, as the appearing as a result of venous
stasis  may cause false  readings.  Muting the Korotkoff sounds,  venous stasis  leads to
erroneous measurements of blood pressure (decrease in systolic and increase in diastolic
blood pressure). BP should be measured at least once in both arms. Normally, there may
be a difference in the reading by 5 or even 10 mm Hg. BP should be measured on  
the hand with higher reading in the last measurement. The difference between figures
above 15 mm Hg indicates compression or obstruction of the artery on the side with a
lower blood pressure.

If a person takes antihypertensive drugs, or had a history of syncope or postural
(orthostatic),  dizziness,  measure  blood  pressure  in  three  postures:  supine,  sitting  and
standing (unless contraindicated). Normally, when a person moves from a horizontal to 
a vertical position, the systolic  blood pressure slightly reduces or remains unchanged,
while the diastolic pressure is slightly increased.

Table 26.1
The concept of normal values of arterial blood pressure 

in an adult person at rest

Normal 110–139 60–89

Category 
Pressure values (mmHg)

systolic diastolic
Optimal 110–120 60–80
Normal 121–129 81–84
High normal 130–139 85–89

Instructions on the formulation of the protocol:
1. Write the changes in the parameter of BP in the subject.
2. Evaluate the obtained results.

PROTOCOL

1. BP on the right hand
SBP = _____ mmHg; 
DBP = _____ mmHg.

2. BP on the left hand
SBP = _____ mmHg; 
DBP = _____ mmHg.

Conclusion: The BP value in the subject ____________________________
(normal, hypotension, hypertension)

difference in size BP on the hands __________________________________
(no, normally (5–10 mm Hg), there are

Studying the properties of arterial pulse by palpation method         Work 26.5

By  a  simple  pulse  palpation  of  superficial  arteries  important
preliminary information about the functional state of the cardiovascular
system can be obtained.

It is best to palpate the pulse at the radial artery, which is located
directly  under  the  skin  between  
the  styloid  process  of  
the radius and the tendon of the internal radial muscle. (In the general
scheme of Figure 4)

The  presence  of  

Materials and equipment: stopwatch.
Work procedure. The study begins with a pulse palpation on both

hands. If there is no difference pulse investigate is carried out only on
one hand. To palpate the pulse at the radial artery, the thumb is placed on
the rear of the forearm, and all the rest — on the anterolateral surface of
the forearm, on the spot where the artery passes. Do not have much to
squeeze the hand of the subject,  since excessive pressure can squeeze
blood from an artery and pulse waves may not be felt. If the artery is not
directly felt under the fingers, it is necessary to move the fingers along
the  radius  and across  the  forearm,  as  the  artery  course  can  be  more
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the  underlying  bone  to
which  the  vessel  can  be
pressed  easily  facilitates
determining  arterial  pulse
properties.

Arterial  pulse is  a
jerky,  periodic
fluctuations in the arterial
walls  (synchronous  with
the  systole  of  the  heart),
resulting  from  ejection  of
blood from the heart into
the  arterial  system  and  
the  changes  in  pressure
occurring  in  it  during

systole and diastole (of the left ventricles).

outwards or closer towards the middle of the forearm. In some (atypical)
cases, the artery passes from the outside of the radius.  Do not explore
the  pulse  with  one  finger,  as  it  is  harder  to  locate  the  artery  and
determine the character of the pulse. By palpating the radial artery, slight
press  it  with  three  fingers  to  the  bone  until  the  pulse  wave  is  felt
underneath.

In  the  study  of  the  pulse,  determine  its  basic  clinical  and
physiological  parameters  (characteristics):  rhythm,  frequency,
voltage, filling, shape of the pulse wave.

1. Pulse  rhythm  (rhythmic,  arhythmic). Determine  it  by
comparing the length of the intervals between pulse waves.

In a healthy person the pulse waves follow each other at regular
intervals. Normally there can be the so-called “respiratory arrhythmia”,
in  which  the  heart  rate  increases  on  inspiration  and decreases  during
expiration. Respiratory arrhythmia is more common in young people and
in those with labile  autonomic  nervous system.  Accurate  diagnosis of
other  types  of  arrhythmias  is  only  possible  with  the  help  of  an
electrocardiogram.

Studying arterial pulse properties by palpation method (continuation)
        Work 26.5

2. Frequency of  pulse (FP). To determine  the FP
count the number of pulse beats for 15 or 30 seconds and
multiply it by 4 or 2. 

In rare or arrhythmic pulse it  is necessary to count
the number of pulse beats at least 1  minute.  FP under
physiological  conditions  is  subject  to  relatively  wide
fluctuations depending on age, sex, height, etc. In adults, in
a state of physiological rest, the normal FP is 60–90 per
minute (in women FP is often less frequent than in men;

4. Filling (amplitude) of pulse — a subjective measure, estimated by palpation
according to height of rise of the arterial  wall and the largest volume of the artery
during systole of the heart. 

Filling  depends  on  the  systolic  blood  volume,  volume  of  circulating  blood,
elasticity  of  arterial  walls.  The following filling  types  may be  distinguished:  good
filling pulse or full and poor filling or empty (weak, thready). 

5. Form (contour) of pulse wave (previously designated as pulse velocity) — 
a subjective measure, determined by the velocity of attaining maximum amplitude of
oscilation of the arterial wall, duration at the highest point and the speed of reduction
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taller people have more frequent pulse than shorter people;
pulse in the elderly (over 60 years) and children is usually
more  frequent  than  in  adults  of  working  age).  Under
physiological conditions, the adult healthy person, frequent
pulse (more than 90 beats per minute)  can occur  during
physical and psychological stress, while a thin pulse (less
than  60  per  minute)  —  during  sleep,  during  negative
emotions,  as well as in trained athletes and in a state of
physiological rest.

3. Pulse  tension.  The voltage  pulse.  To determine
the pulse tension by palpation,  the third finger  is  gently
pressed on the artery until the pulsating blood flow is no
longer felt by the second finger.

It  provides  information  about  the  state  of  
the  cardiovascular  system,  as  it  is  due  to  the  tone  of  
the  arterial  wall  and  lateral  blood  pressure  waves  (i.  e.
mean  arterial  pressure).  According  to  the  tension  of  
the arterial wall (the strength of its resistance to pressing)
pulse of good (moderate) tension, which is observed at rest
in  healthy  people  with  normal  average  blood  pressure,
intense  (hard)  —  at  a  significant  increase  in  blood
pressure, not tensed (soft) – during decrease in BP.

of catacrota. 
On palpation, this property is found to a greater or lesser duration artery filling.

Based  on  the  shape  (contour,  velocity)  normal,  fast  and  a  slow  pulse  can  be
distinguished. The shape of the pulse wave is determined objectively by analysis of
sphygmogram  (see  computer  program  “Heart  Sounds”  →  “General  Tutorials”  →
“Inspection and Palpation” → “Carotid Pulse” → “Labels” → “Aortic Regurgitation” →
“Labels” → “Return to Normal” → “Aortic stenosis” → “Exit” → “Yes” → “Exit”.

Instructions on the formulation of the protocol: 
1. Fill the parameters of the subject in the table.
Evaluate the result by comparing it with the normal values.

PROTOCOL
Pulse parameters

Pulse property Norm Reject options Survey data
Rhythm Rhythmic Arhythmic

Frequency 6090
Thin (bradycardia, < 60),

frequent (tachycardia, > 90)
Filling Good Weak, thready pulse
Tension Moderate Soft pulse, hard pulse
Shape of pulse wave Normal Rapid pulse, slow pulse

Conclusion: pulse of the subject ____________________________ (in normal, there
are disorders of rhythm, frequency, tension, filling, shape of the pulse wave)

Application of information probe to identify latent hypertension
        Work 26.6

Information probe reveals latent hypertension in humans by
applying standard psycho-emotional stress — the need for
processing of a large enough amount of information under
conditions of time constraint. 
Materials and equipment: television,  electronic consoles,
“sport video”,  aneroid sphygmomanometer,  stethoscope
(stethoscope (from Greek stethos — chest and skopeo —
look,  examine)),  a device for listening to heart sounds,

Table 26.2
Diagnostic criteria for the information probe

Groups of examination
Rise in BP mmHg Maximum rise

in BP
Level of BP following
1 min after the probeSBP DBP

Healthy <15 <10 1st minute Equal to the initial
Neuro-circulatory dysto-
nia, hypertensive type

15–20 10–15 1st minute
Equal or lower than the
initial

Hypertension, I degree 21–25 10–15 During the Higher than the initial
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breath sounds and other natural sounds occurring in the
human body). 
Work procedure. Before performing the test in the sitting
position of the subject, run the blood pressure (BP) twice by
the  Korotkov  method;  take  the  average  of  the  two
measurements. Leave the cuff on the arm of the patient and
familiarize him/her with the task. 
On  the  TV  screen,  there  is  a  playing  field  on  which
unpredictable  trajectory  of  moving  light  point,
conventionally  called  the  “ball”.  Its  flight  time  on  
the playing field — 0.75 or 1.5 seconds. Light feature — 
the  “player”  —  moves  the  screen  up  and  down  with  
the remote control. The “player” is to hit the moving, “ball”,
otherwise  an  error  is  fixed  on  the  screen.  The  console
automatically captures from 0 to 15 errors (1st set). When
the number “15”  appears  on  the  screen  press the button
“Reset”, and the game will continue. 
Give the subject 1 minute for a training section. To do this,
determine the movement time of the “ball” on the field equal
to  1.5  seconds.  After  1  minute,  increase  the  speed  of
movement,  “ball”  (set  it  to  flight  time  —  0.75),  start  
the stopwatch: the subject starts the game.
BP Measurement is conducted on the 1st, 3rd and 5th minute
of the game, as well as 1 minute after its completion. Total
playing time — 5 minutes.

period of the
test

Hypertension, II degree
>25 >15

During the
period of the

test
Higher than the initial

Instructions on the formulation of the protocol: 
1. The  value  of  measured  blood  pressure  in  the  subject  before,  during  and  after  

the information probe is recorded in the appropriate column of the table “Results of  
the information probe”.

2. Calculate the value of change in blood pressure during the execution of tests and after  
1 minute of rest. 

3. Evaluate the result obtained by using the data in Table 26.2 and make a conclusion about
the reaction of the cardiovascular system of the subject to information overload.

4. People with neuro-circulatory dystonia of hypertensive type may experience a decrease in
both systolic and diastolic blood pressure during the test.

PROTOCOL

Type
of BP

Values (V) of arterial blood pressure (BP) in mmHg

Initial
V

Time of carrying out the probe, minutes Following 1 minute
after completion of

the probe1 3 5

V1 Δ = V1 – VВ V2 Δ = V2 – V V3 Δ = V3 – V V4 Δ = V4 – V
SBP

DBP

Conclusion: The reaction of the cardiovascular system of  the  subject  on  information
overload ______________________ (normal, of hypotensive type, of hypertensive type)

Composition of blood, blood pressure and relationship between linear velocity of blood
        Work 26.7

and cross-sectional area of vessels in various sections of vascular system
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Scheme: 
A) The distribution of blood in various

parts of the cardiovascular system:  starting
from the left part  of  the  heart (atrium and
ventricle),  through blood vessels (arteries,
capillaries,  veins)  of different functions
(compression chamber and the resistance;
exchange,  capacitance and return of blood to 
the heart) to the right part of the of the heart.

B) Changes  in  blood  pressure  and  
the relationship between the linear blood flow
velocity  and  the  cross-sectional  area  of  
the  vessels  in  different  parts  of  the  vascular
system of the systemic circulation.

Blood  pressure  —  the  force  with  which
blood  and  its  particles  act  on  the  wall  of  
the cavities of the heart and blood vessels. Blood
pressure decreases along the vascular system.  
The following blood pressure (BP)  are identified
(systolic,  diastolic,  pulse and average
hemodynamic),  capillary (hydrostatic)  blood
pressure (at  the  arterial and venous ends of the
capillary)  and venous blood pressure (including
central venous pressure,  0  ±  4  mmHg)  (in the
venae cavae and right atrium 0 ± 4 mm Hg).

Microstructure of the wall of arteries, veins.          Work 26.8  Pulse waveform (Sphygmograms)         Work 26.9
Valves of veins, their functions
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Answer Key: 
a. Vein, b. Artery, 
c. Lumen, 
d. Tunica intima, 
e. Tunica media,
f. Tunica externa, 
g. Lamina elastica mterna, 
h. Laminaelastica externa, 
i. Smooth muscle,
j. Venule, 
k. Endothelium, 
l. Arteriole, 
m. Capillary, 
n. Venous valve

Structure of the lymphatic system: topography and structure of lymphatic nodes and vessels       Work 26.10

Write down and color this scheme.
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Answer Key: 
a. Thoracic duct,
b. Spleen, 
c. Cisterna chili, 
d. Lymphatics, 
e. Lymph nodes,
f. Venule, 
g. Arteriole, 
h. Lymph capillaries

Answer Key: a. Efferentlymphatics, b. Capsule, c. Cortex, d. Medulla with medullary 
cords. e. Afferent lymphatics, f. Bloodvessels
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FEATURES OF THE BLOOD SUPPLY OF DIFFERENT ORGANS. 
REGULATION OF HEMODYNAMICS

Lesson 27

Date: ____________ 20____

1. Features of the blood supply to the brain, skeletal muscle, lung, kidney. 

2. Hemodynamics during exercise and hypokinesia.

3. The functional system, supporting optimal blood pressure for metabolism.

4. Vascular tone: definition, mechanisms of maintenance and regulation.

5. Reflex regulation of vascular tone.  Afferent  and  efferent  (sympathetic)

innervation of the vessels. Proper and conjugates, pressor and depressor reflexes.

6.  The structural organization of the vasomotor center: its afferent and efferent

connections and functions. 

7.  Humoral regulation. Vasodilator substances: acetylcholine, histamine, kinins,

adenosine. Vasoconstrictors: catecholamines, vasopressin, angiotensin, serotonin.

8. Risk factors for cardiovascular disease.

9. Recommendations  on  healthy  lifestyles  for  the  conservation  of  the

cardiovascular system and increase in its reserves.

LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by 

V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha,
2016. P. 377–436.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –

Дистанционное обучение (http://etest.bsmu.by/) – Pharmacy
– Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Study computer program «Занятие 27»      
Work 27.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 27)
Work procedure. The student independently loads the program «Занятие 27», and examines in detail the presentation of the course material.

Control computer program «Фарм ф-т Занятие 27»         Work 27.2
(Testing  Тесты для самоконтроля  Фарм ф-т Занятие 27)
Work procedure. The student independently loads the program «Фарм ф-т Занятие 27» and answers the questions.
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PROTOCOL: 1. Score for formulation of the protocol __________. 2. Score for testing __________. 3. Score for lesson __________.
Main terminologies and concepts         Work 27.3

Features  of  blood  supply  to  organs.  Distribution  of  minute  volume of  blood  flow
between organs at rest: lungs _____ %; liver and GIT ___–___ %; kidneys ___–___ %;
skeletal muscle ____–____ %; brain ______ %; heart ____–____ %

Features of the blood supply to organs. Minute volume of blood distribution between
organs  during heavy physical  exercise:  light  ____  %; skeletal  muscles  ___–___ %;
heart ___–___ %; liver and GI ___–___%; brain ___–___ %; kidney ___–___ %

The most abundant blood supply at rest occurs in (with indication of their functions: 
1) _______________________________; 2) _______________________________; 
3) _______________________________

The most abundant blood supply during exercise takes place in (indicate the organs and
their functions): 1) _________________________; 2) ________________________; 3)
________________________________

Vascular tone is ________________________________________________________ Purpose of vascular tone is ________________________________________________ 

Regulation of circulation is _______________________________________________ Three mechanisms of regulation of vascular tone: 1) ___________________________; 
2)                                                                   ; 3) 

Vasomotor center is located in __________________, is the main part _____________
_______________ and composed  of  two regions  __________ and _____________,
which are located between each other in __________________ relationship

Chemoreceptor  of  vessels  on  trunk  ____  and  ____  pair  of  cranial  nerves  transfer
information to ___________ region of vasomotor center, which through ____________
region of the ANS causes vasoconstriction and ___________________ blood pressure

Vascular reflexogenic zones are ____________________________________________
_____________________________________________________. The most important
reflexogenic zones: 1) _______________; 2) _______________; 3) _______________

Vascular  baroreceptors on trunks ______ and  ______ pair of cranial  nerves  transfer
information to _________________ region of VMC, which inhibits _______________
region that is associated with reduction of tone _________________________ ANS

Innervation of vessels is carried out mainly _____________________ division of ANS.
Its main mediator ____________________ via  α-receptors _____________ lumen of
vessels  (_____________,  _____________,  _____________),  while  via  β-receptors
_________________________ vessels (____________, ___________, __________)

Excitation of the sympathetic region of the ANS causes a strong _________________
in the majority of vessels of the organism, except: 1) ___________; 2) ___________; 3)
____________. This is necessary for ____________________________________

Examples of vasodilator substances: metabolites (1. ___________; 2. _____________;
3. Ions _______); electrolytes (_______); hormones (1. __________; 2 .___________;
3. ______________; 4. ______________; 5. ______________; 6. _______________)

Examples of vasoconstrictors:  electrolytes (________ and _______);  hormones
(RAAS /full name/  —  ____________________________________;  ADH/the second
name/  —  ____________________;  catecholamine  via ___________________
receptor).

Reflex mechanisms of regulation of vascular tone belong to the mechanisms of
________________ and they include two groups of reflexes on the basis of localization
of sensory reflexes: 1) ____________________; 2) ____________________ reflexes

The  role  of  the  kidneys  in  the  regulation  of  vascular  tone  and  blood  pressure:  
1) _________________________________; 2) ________________________________

Role of ADH,  aldosterone and NUP in  the  regulation  of  CBV  (circulating  blood
volume). ADH in the kidneys _________ are reabsorbed ________ and CBV ___ (↓↑).
Aldosterone  in  the  kidneys ________________________  ________________  and
CBV ____ (↓↑); NUP causes ____________, __________ and CBV ____ (↑↓)

Risk factors of cardiovascular diseases: 1) _________________; 2) _______________;
3) ____________________; 4) ____________________; 5) ____________________

Recommendations for a healthy lifestyle: 1) _________________________________; Principles of physical activity and strengthening of the cardiovascular system functions:
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2) ____________________; 3) ____________________; 4) ____________________;
5) ____________________; 6) ______________________

1) ___________________________;  2)  ___________________________;  3)
____________________; 4) ___________________; 3) ____________________

Analysis of physiological mechanisms of regulation of BP (demonstration computer work)
           Work 27.4

Work procedure. The work is carried out on a computer model of
a virtual experiment. Open the “Bprat” and activate the window “Click
here to continue” on the new page “Rat Blood Pressure”. The page of the
main  menu  “Introduction”,  “Preparation”,  “Apparatus”,
“Measurements”,  “Experiments”,  “Quit”,  “Help”  is  displayed  on  
the screen. By activating the following icons, you can see the description
of  the  upcoming  experiments  to  investigate  the  effect  of  different
influences on arterial blood pressure and work of the heart of the rat. 

As the students were already familiar with the earlier models of
such experiments,  to save time,  you can activate the “Measurements”,
“Measurements”,  and move on to explore ways to quantify 
the hemodynamic parameters.  Consistently activating “Continue” icon
appearing on the page, you can see how the graphic data on heart rate
(HR — heart rate) can be presented, which in normal circumstances is
about  380  beats/min  in  rat;  normal  values  of  blood  pressure  (BP):
systolic  — 130  mm  Hg,  diastolic  — 90  mmHg,  pulse  pressure  — 
40 mmHg, mean arterial — 103 mm Hg. 

In terms of pressure in Pascal considering that 1 mmHg = 0.133
kPa. At the end of the page there is a cursor controlled by the “mouse”
for digital estimates of blood pressure and heart rate. Read how to do it
on the screen that appears on the left window and close it by activating
the “OK”. This automatically turns on the cursor “Crosshair cursor” —
“on”. Move the cursor to the cross point of intersection to the heart rate
curve (red top), and figure will appear in the window below, reflecting
the  value  of  heart  rate  (rate-bpm)  —  within  360–400  beats/min.  
By  moving  the  cursor  to  various  points  of  the  graph  of  BP  or
sphygmogram,  the values  (pressure — mm Hg) of systolic,  diastolic,

After  acquaintance  with  the  methods  of  calculation,  to  go  to  
the main menu activate the bottom left icon “Menu”. In the main menu
activate  the  icons  “→  Experiments”.  16  menu  items  appear  on  the
screen, which are used to explore a wide range of effects on circulation
and analyze the basic physiological mechanisms of regulation of blood
pressure. 

Experimental part

Control. Since all pharmacological agents that will be administered
to the rat,  are used as aqueous salt solutions, the experiment needs to
start by investigating the influence of different volumes of aqueous salt
solutions. To do this, activate “Saline effects” icon and take into account
the comments from the displayed text, which the introduction of water-
salt  solution  in  volume  of  10  %  or  more  of  
the weight of the rat causes a non-substantial, fast changes in both heart
rate and blood pressure blood. These changes are the consequence of  
the reflex reactions of cardiovascular system to increase blood volume
and  should  be  taken  into  account  in  subsequent  analysis  of  changes
caused by different pharmacological agents.

Activate the icon “Continue” and successively activating the upper
right triangle icon “◄►”, observe how the intravenous administration
0.2 ml/kg, 0.4 ml/kg, 0.6 ml/kg of saline affects the studied parameters in
the animals. Turn on the cusor “Crosshair cursor” – “on” and measure
through a period of time after administration, and the value by which  
the BP, heart  rate  are  increased;  Analyze  how long this  effect  lasted.
Return to the main menu.
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mean  arterial  can  be  estimated  on the  window below and  calculate  
the average value of the pulse pressure.

Analysis of physiological mechanisms of regulation of BP
        Work 27.4

(demonstration computer work) (continuation)

Influence of catecholamines: 
a) Study  the  effect  of  different  doses  of  epinephrine  and

norepinephrine, listed in the menu, activating the icon “1 — Effects of
catecholamines” (→ NO → OK → Continue). Estimate for each dose of
these substances numerical values of the maximum changes in heart rate,
systolic,  diastolic  and  pulse  pressures;  orientation  and  temporal
dynamics of these changes. Return to the main menu. 

b) By  activating  the  icon  “13  —  Quantative  effects  of  alpha-
blockade”  (→  NO  →  OK  →  Continue),  examine  the  effect  of  
the blocker α-adrenergic receptors prazosin (at a dose of 200 nmol/kg)
on  heart  rate  and  blood  pressure,  and  effects  of  adrenaline  on  
the indicators before and after administration of prazosin. Return to the
main menu. 

c) By  activating  the  icon  “14  —  Quantative  effects  of  beta-
blockade” (→ NO → OK → Continue), examine the effect of blocker, 
ß-adrenoceptor propranolol (at a dose of 2000 nmol/kg) on heart rate and
blood pressure and the effect of adrenaline on the indicators before and
after administration of propranolol. Return to the main menu. 

d) By  activating the icon “15 —  Effect reserpine”  (→  NO →  
OK →  Continue),  examine the on heart rate and blood pressure,  
the impact of noradrenaline and electrical stimulation of postganglionic
sympathetic fibers, innervating the heart in animals, which reserpine was
administered  for  48 and 24 hours  at  a  dose  of  1  mg/kg,  preventing  
the deposition of noradrenaline in nerve terminals. Return to the main

e) By activating the icon “2 — Effects of pressor agents” (→ NO
→ OK → Continue), conduct a comparative analysis  of the effects of
adrenaline and vasopressin on heart rate and blood pressure, taking into
account the primary physiological role of vasopressin in the body. 

Influence of depressor substances: 
a) By activating the icon “3 — Effects of acetylcholine” (→ NO →

OK  →  Continue),  study  the  effect  of  acetylcholine  at  a  dose  of  
5  nmol/kg  and  atropine  (M-XP blocker)  at  a  dose  of  1000  nmol/kg
during  individual  and  combined  (atropine  +  acetylcholine)  action  of
these  substances  on  heart  rate  and  blood  pressure.  When  analyzing  
the results of the effect of acetylcholine remember about the features of
innervation  of  the  heart  and  blood  vessels,  acetylcholine  receptors.
Return to the main menu. 

b) By activating the icon “11 — Depressor drugs” (→ NO → OK
→ Continue), study the effect of histamine at a dose of 1 nmol/kg and
hexamethonium (blocker of synaptic transmission in ganglia) at a dose of
20 000 nmol/kg on heart  rate and blood pressure. Return to the main
menu.
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menu.

Analysis of the physiological mechanisms of regulation of BP
        Work 27.4

(demonstration computer work) (continuation)

PROTOCOL

The effects of mediators of the vegetative nervous system and other influences 
on the work of the heart and state of vessels

Type of exposure HR BPsyst BPdist BPpulse

Initial parameter 380 130 90
Saline solution 0.6 ml/kg ↑+13; 393 ↑+4; 134 ↑+4; 94
Adrenaline (A), 10 nmol/kg ↑+83; 463 ↑+48; 178 ↑+33; 123
Noradrenaline (NA), 20 nmol/kg ↑+25; 405 ↑+88; 218 ↑+73; 163
Prazosin, 200 nmol/kg 380 130 90
Prazosin  + Adrenaline ↑+24; 204 ↓-19; 111 ↓-21; 69
Propranolol, 2000 nmol/kg ↓-32; 348 ↓-12; 118 ↓-11; 79
Propranolol + Adrenaline 380 ↑+9; 139 ↑+9; 99
Elect. Stimulation of postgangl. 
sympathy. Cardiac fibers (SCF) ↑+62; 442 ↑+11; 141 ↑+8; 98
Reserpine, 1 mg/kg 380 130 90
Reserpine + elect. stimulation SCF 380 130 90
Vasopressin, 8 nmol/kg 380 ↑+26; 156 ↑+28; 118
Acethylcholine, 5 nmol/kg ↓-10; 370 ↓-35; 95 ↓-36; 54
Atropine, 1000 nmol/kg ↑+21; 401 ↑+6; 136 ↑+9; 99
Atropine + Acethylcholine 380 130 90
Histamine, 1 nmol/kg 380 ↓-28; 102 ↓-18; 72

Instructions  on  the  formulation  of  
the protocol: 

1. Enter the data into the table.
2. In  the  conclusion,  specify  how  

the  studied  endogenous  substances  influence  
the  tone  of  vascular  smooth  muscle,  and  what  
the mechanism of influence is.

Conclusion: NA and vasopressin ________ (↑, ↓)
tone  of  SM  of  vessels  via  stimulation  of
____________ adrenoreceptors and ___________
receptors and ______ (↑, ↓) level of intracellular
messengers ______________ (cAMP, ITP, DAG,
cGMP, Са2+). Next draw conclusions by analogy.
ACh  _____  (↑,  ↓)  tone  of  SM  od  vessels  via
__________________________
Histamine ______ (↑, ↓) tone of SM of vessels via
________________________________________
________________________________________
________________________________________
Adrenaline _____ (↑, ↓) tone of SM of vessels via
________________________________________
________________________________________
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Hexamethonium, 20000 nmol/kg ↓-84; 296 ↓-62; 68 ↓-62; 28 ________________________________________

Determination of physical performance of humans on the PWC170 test         Work 27.5
(demonstration work)

The  РWC170 test  was  introduced  by  Shestrand  (Sweden)  for  
the determination of physical performance of sportsmen, the name of  
the  test  comes  from  the  first  letters  of  the  English  term  Physical
Woгking  Сapacity —  physical performance.  Physical performance of
the subject is expressed in the in the magnitude of the power of exercise
in which the heart rate (HR) reaches 170 beats/min. The choice of this
rate is based on the following two positions.

1. The zone of optimal functioning of cardiorespiratory system in
sportsmen is limited within the range of pulse from 170 to 200 beats/min.
So, with the aid of this test, the intensity of physical workload, which
can set  the  intensity  of  the  exercise,  which  brings  the  cardiovascular
system at the limit of optimal functioning.

2. There is a linear independence between the power of the load
executed and HR up to 170 beats/min; at higher frequency of heart beat
this relationship is lost. Consequently, the higher the power, at which HR
reaches 170 beats/min,  the greater the reserve of the cardiorespiratory
system, which determines the “ceiling” of physical performance. 

Materials and equipment: cycle ergometer, stopwatch.

Work procedure. Determine the HR in the subject at rest and in 
a sitting position. Then, within 5 minutes,  the subject performs a first
workload (N1), the value of which depends on the weight (table 27.1).
The frequency of  pedaling  is  kept  constant  and equal  to  60  rev/min.
During  the  last  30  seconds  of  the  the  load,  count  the  heart  rate
(beats/min) — F1. Then, after a 3-minute rest, propose to the subject to
execute the second load (N2), whose value depends on F1 (table 27.2).
The time of execution of the second load, also for 5 minutes, is usually
twice  the  first  load.  Heart  rate  in  the  subject  is  also  determined  for  
the last 30 seconds of performance — F2, in beats/min. It should be noted
that for the 1st and 2nd loads pulse at the subject does not reach 170
beats/min, but given the HR data in the first and the second case, it is
possible, based on the linear dependency of heart rate on the power of
the load, determine the size of the load, which would lead to the increase
of heart rate to 170 beats/min — РWС170. 

Table 27.1
The power of the first load for determination of РWС170 

depending on the weight of the subject

Body mass (kg) Power (kgm/min)
59 and lower 300

60–64 400
65–69 500
70–74 600
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75–79 700
80 and higher 800

To convert kgm/min to Watts, devide the value of kgm/min by 6.

Determination of physical performance of humans on the PWC170 test
           Work 27.5

(demonstration work) (continuation)

Graphic determination of the PWC170 has a definite drawback —
inevitable errors associated with the graph  construction.  Therefore  
a  simple  mathematical  expression that  indicates  the value of  РWС170,
without resorting to the drawing was proposed: 

РWС170 = N1 + (N2 – N1) · (170 – F1) / (F2 – F1),
where РWС170 — power of physical performance on the cycle ergometer
in kgm/min;  N1 and N2 —  first and second loads (kgm/min);  F1 and 
F2 — heart rate at the end of the first and second load (in beats/min). 

Table 27.2
The power of the second load for the determination of PWС170

depending on the heart rate at the first load

Power of work
at the first load

Power of work at the second workload kgm/min
HR at the first load, beat/min

80–89 90–99 100–109 110–119 120–129
400 1100 1000 900 800 700

Table 27.3
Evaluation of physical performance

Evaluation 
РWС170, kgm/min

РWС170 per 1 kg,
kgm/min

males females males females
Above average 1200 750 17.0 12.0
Average 1000–

1200
650–750 15.0–17.0 10.0–12.0

Below average 1000 650 15.0 10.0

PROTOCOL

Results of the study:
1.1. Sex of the subject ________ (m, f); 1.2. Body mass ________ kg;
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500 1200 1100 1000 900 800
600 1300 1200 1100 1000 900
700 1400 1300 1200 1100 1000
800 1500 1400 1300 1200 1100

Instructions on the formulation of the protocol: 
1. Record the received data in the protocol.
2. Evaluate  the  result  according  to  table  27.3  and  make

conclusions about the physical performance of the subject.

1.3. N1  __________ kgm/min; 1.4. N2  ____________ kgm/min, 

1.5. F1  __________ beat/min; 1.6. F2  ___________ beat/min;

РWС170 = N1+ (N2 – N1) · (170 – F1) / (F2 – F1) = ________ kgm/min;

РWС170 per 1 kg body mass = ________ kgm/min.

Conclusion. Physical performance of the subject __________________
__________________________________________________________

(above average, average, below average)

Postural (orthostatic) baroreflex      
Work 27.6

Baroreflexes (fig. 27.1) are involved in the regulation of blood pressure, for
example,  in  the  transition  from  horizontal  to  vertical  position.  The  central
sympathetic  neurons  of  the  pressor  region  of  the  vasomotor  center  (VMC)  of  
the  medulla  are  tonically  active.  The  carotid  baroreceptors  are  stimulated  when  
the vessel  walls  are  stretched  by blood pressure  from within (BP).  Activation of
baroreceptors inhibits sympathetic neurons of the central pressor region of the VMC.
Conversely, a decrease in tension, leads to decrease in baroreceptor activity. Thus,
transition  to  the  upright  position  leads  to  decrease  in  blood  pressure  on  the
baroreceptors due to deposition of blood in veins below the level of the heart and the
activity of the sympathetic neurons of the VMC is disinhibited. Reflexly peripheral
vascular resistance (contraction of arterioles caused by NA via α1-adrenoceptor) and
cardiac  output  (direct  sympathetic  cardiac  stimulation  through  β1-adrenergic
receptors and contraction of capacitance vessels (NA → α1-adrenergic receptors of
the smooth muscle → contraction of venules and veins), which leads to ↑ in venous
return of blood to the heart), and as a result, normal blood pressure is restored. 

In  a  healthy  person  the  normal  hemodynamic  response  to  the  shift  in  
the vertical position is considered to be an increase in heart rate by 6–24 per minute,
the change in systolic blood pressure to within ± 5 % of the initial value in the supine
position and diastolic blood pressure - ± 5 mm Hg during the first 10 minutes after Fig. 27.1. Scheme of reflex regulation of vascular tone and blood pressure under 
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standing up. People with an increased tone of the sympathetic division of the ANS
during orthostatic probe can have hyperdiastolic  type  of hemodynamic  response:  
↑ heart  rate over 24 per minute; ↓ SBP more than 5 %; ↑ and DBP greater than  
5 mm Hg. Some people with low tone of the sympathetic division of the ANS (in
individuals with increased tone of the parasympathetic division of the ANS, taking
antihypertensive  drugs  or  for  other  reasons)  may  have  hypodiastolic  type  of
hemodynamic response to transition from horizontal to vertical position: HR remains
practically unchanged, or even slows, SBP and DBP reduce, sometimes significantly,
by 20 mm Hg or more.

As a  result there could be significant deteriorate of the blood supply to the
brain, which is accompanied by fainting in some people.

Materials  and  equipment:  aneroid  sphygmomanometer,  stethoscope,
stopwatch.

Work procedure. Take the BP reading and HR three times within 6 minutes
in  the  subject  located  in  a  horizontal  position.  Record  the  data  and  calculate  
the average  values  of  these  parameters. Then ask  the subject  to  stand up and in
standing, take the BP and HR on the 1st, 5th, 10th minute. Be prepared to support
him and sit in case of dizziness or fainting.

the influence on the baroreceptors of the carotid sinus

Instructions on the formulation of the protocol:
1. Record the received data in the table of the protocol.

PROTOCOL

Results of the orthostatic probe

Position of
the subject,

time of
measurement

Parameter 
HR in minute SBP, mmHg DBP, mmHg

Value
Deviation
from the

initial
Value

% Deviation
from the

initial
Value

Deviation
from the

initial
Horizontal
Vertical
1st minute
5th minute
10th minute

Conclusion: conduction of the orthostatic test in the subject revealed _______________
__________________ type of hemodynamic reaction (normal, hyper- or hypo-diastolic)

Functional system, maintaining optimal blood pressure for metabolism          Work 
27.7

Instructions for completing fig. 27.2.
1. Write down the names of executive organs and specific parameters whose changes can regulate blood pressure. 
2. Spell out the abbreviations: 
______________________________;
______________________________;
______________________________; 
______________________________; 
______________________________; 
______________________________
3. State the upper and lower limits of normal values of DBP and SBP.
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Figure 27.2. Scheme of functional
system supporting optimal arterial blood
pressure for metabolism (according to K.

V. Sudakov with additions)
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RESPIRATION. THE STRUCTURE AND FUNCTION OF THE RESPIRATORY SYSTEM. 
GAS EXCHANGE IN THE LUNGS AND TISSUES. GAS TRANSPORT BY BLOOD

Lesson 28

Date: ____________ 20____

1. Structure  of  the  respiratory  system.  Anatomy  of  pneumatic  and  gas  exchange
departments.

2. Topography and structure of the nose, larynx, trachea, bronchi. 
3. Inspiratory and expiratory muscles. 
4. Topography  and  structure  of  lungs.  Structure  of  the  pleura.  Pleural  cavity.  

The concept of blood circulation, lymph circulation and innervation of the lungs. 
5. External respiration. Mechanism of inspiratory and expiratory. Negative pressure in

the pleural cavity and its function; elastic properties of lungs; surfactant, composition and
function.

6. Alveolar ventilation. Lung volumes. Research methods of external respiration.
7. The drainage function of the upper respiratory tract; regulation of motor activity of

ciliated epithelium.
8. Gas exchange in the lungs. Composition of inspired, alveolar and expired air.
9. Mechanism of gas exchange between alveolar air and blood. Air-blood barrier.
10. Transport of gases in blood. Gases of blood. The oxygen capacity of arterial and

venous blood. Ways to transport oxygen and carbon dioxide:  the role of erythrocytes and
plasma. Gas exchange in tissues.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed.

by V. M.  Moroz,  O. A. Shandra.  2nd ed.  Vinnytsia  :
Nova Knyha, 2016. P. 437–490.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For

English Groups – Normal Physiology – For Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 28»         Work 28.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 28)
The progress of the work. Student self loads program «Занятие 28» and scrutinizing submitted her teaching material.

Контролирующая компьютерная программа «Фарм ф-т Занятие 28»         Work 28.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 28)
The progress of the work. Student self loads program «Фарм ф-т Занятие 28» and answers the questions.

PROTOCOL: 1. Evaluation of the registration Protocol ___________. 2. Evaluation on testing __________. 3. Score on the lesson ________.
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Key terms and concepts         Work 28.3

Respiration is _______________________________________________ The respiratory system (systema respiratorium) — this is a physiological
system, provided by: 1) __________________; 2) __________________;
3) ________________; 4) _________________; 5) _________________;
6) __________________

The pathways of air to subdivide into ___________ (1. ______________;
2. _____________; 3. ____________; 4. ___________) ______________
(5. _____________; 6. _______________; 7. ________________)

Paranasal sinuses: 1) ___________________; 2) ___________________;

3)  ____________________________;  4)
__________________________;  their  functions:  1)
____________________;  2)  ____________________;  3)
__________________________

Function of pathways of air: 1) __________________; 2) air conditioning
(________, ________, ________); 3) _____________; 4) ____________;
5) _____________________

Respiratory  muscles:  basic  inspiratory  1)  ____________;  2)
___________  muscles  and  support,  as  well  as  exspiratory:  3)
______________  muscles;  4)  muscle  _______________;  5)  muscle
__________________________

Lungs is ____________________________________________________
Right lung consists of ______ lobe, left — from _______ lobe

Acinus(structurally functional unit of a respiratory lung division) consists
of: 1) ___________; 2) ___________; 3) ___________; 4) ___________

Inspiration is the process always _________________, while contraction
_________ the muscles after a signal from the _____________________

Relaxing expiration  is  the  process  ______________________,  that
occurs  under  the  action  of  forces:  1)
__________________________________;  2)
____________________________; 3) __________________________

O2 and  CO2 content  in  inspired air  ______,  ______  and  _______  %,
respectively.  O2 and CO2 content in expired air  ______–______ % and
___________ % respectively

Spirometry is the ____________________________________________.
VC (full name ____________________________________) in adults —
________–_______ l

Lung function: 1) ______________________; 2) ___________________;
3) _________________________; 4) ____________________________;
5) _________________________

Airblood barrier is _______________________________. It consists of:
1) __________________________; 2) ___________________________;
3) __________________________

Transport forms of oxygen: 1) ____________ 0.3 vol% (volume percent);
2)  __________  15–21  vol% (volume  percent).  Calculate  the  oxygen

Carbon dioxide forms of transport: 1) _________________ 2,5–3,0 vol%
(volume  percent);  2)  _________________,  near  5  vol% (volume
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capacity of blood, If Hb = 150 g/l. OCB = _____________ mlO2/l percent); 3) _______________________, near 50 об%

Spirometry         Work 28.4

Spirometry — measurement  of lung volumes and capacities,  calculation of normal  values of these indicators and evaluation
results. 
Materials and equipment. A water spyrometer, disposable or repeatedly sterilized mouth-pieces, masks, connection hoses. Before
taking respiratory volumes it better to use a special nose clamp for complete blocking of expiration through the nose.
1. Determination of vital capacity.
After a maximum inspiration a slow maximum deep expiration is made into the spirometer tube, the mouth-piece is clamped by
the mouth.
One of the ways of calculating PVC (proper vital capacity) is its determination using tables of Harris-Benedict. The value of
proper expiratory exchange is taken from the tables on the basis of height, body mass and age; then it is multiplied by index 2.6 for
men or 2.2 for women. The difference between the measured VC and proper VC must not exceed 20 %. 
height ______ m, body mass _____ kg, age _______ y, sex ______ (m/f). VC sitting = __________, PVC = __________ ml.
2. Effect of the body position on VC value.
Determine VC value in standing, sitting and lying position.
Results: VC in standing ________, sitting _________, lying ________. 
Conclusion (effect of the body position on VC value):
3. Effect of expiration rate on VC value (Watchal’s test).
Determine VC in the examined,  then FVC (forced VC). To determine FVC a fast  maximally deep expiration is  made after  
a maximum inspiration. In norm the difference between VC and FVC does not exceed 300 ml. The increase of this difference
evidences the constriction (obstruction) of bronchi.
Results: VC= ________, FVC = _________, VC – FVC= ________.

Conclusion:
1. Determination of respiration volumes.
The examined must make 5 quiet expirations into the spirometer. To determine a mean tidal volume (TV) the obtained total air
volume is divided by 5.
To determine an expiratory reserve volume (ExRV) the examined, having made a quiet expiration, expires the residue of the air
into the spirometer.
Direct determination of an inspiratory reserve volume (InRV) is impossible with the spirometer, as the device is intended only for
expiration into a measuring cavity. To find InRV it is necessary to extract the value of TV and ExRV from VC.
Results: TV = __________ (the norm is 300800 ml, 1520 % of VC).

Figure 28.1. Spirometr
when carrying out research
portable, mouthpieces 
(mouthpieces)
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ExRV = ________________ (the norm is 2033 % of VC). 
InRV = VC – ExRV = _________________ (the norm is 5566 % of VC).
Conclusion (compare the obtained data with the norm):

Figure 28.2. Posture

Tables of Harris-Benedict          Measurement OF BASAL METABOLIC RATE of height, body mass and age
(women)                TABLE А

KG KCAL KG KCAL KG KCAL KG KCAL

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

990
999

1009
1019
1028
1038
1047
1057
1066
1076
1085
1095
1105
1114
1124
1133
1143
1152
1162
1172
1181
1190

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

1200
1210
1219
1229
1238
1248
1258
1267
1277
1286
1296
1305
1315
1352
1334
1344
1353
1363
1372
1382
1391
1401
1411

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

1420
1430
1439
1449
1458
1456
1478
1487
1497
1506
1516
1525
1535
1544
1554
1564
1573
1583
1592
1602
1611
1621

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

1631
1640
1650
1650
1669
1678
1688
1698
1707
1717
1725
1736
1745
1755
1764
1774
1781
1793
1803
1812
1822
1831
1841

             (men)    TABLE А

KG KCAL KG KCAL KG KCAL КГ KCAL

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

548
562
575
589
603
617
630
644
658
672
685
699
713
727
740
754
768
782
795
809
823
837

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

850
864
878
892
905
919
933
947
960
974
988

1002
1015
1029
1043
1057
1070
1084
1098
1112
1125
1139
1153

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

1167
1180
1194
1208
1222
1235
1249
1253
1277
1290
1304
1318
1332
1345
1359
1370
1387
1406
1414
1428
1442
1455

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

1469
1483
1497
1510
1524
1538
1552
1565
1579
1593
1607
1620
1620
1648
1664
1675
1689
1703
1717
1730
1744
1758
1772
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AGE IN YEARS                                                                              TABLE B

Sm 17 19 21 23 25 27 29 31 33 35 37

120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192

75
101
107
123
139
151
171
187
201
215
229
243
255
267
279
291
303
313
323

66
82
98
114
130
146
162
178
192
206
220
234
246
253
270
282
294
304
314

-
-
-
-
-
-
-
-

183
190
198
205
213
220
227
235
242
250
257

-
-
-
-
-
-
-
-

174
181
188
196
203
211
218
225
233
240
248

-
-
-
-
-
-
-
-

165
172
179
186
194
201
209
216
223
231
230

-
-
-
-
-
-
-
-

165
162
170
177
184
192
199
207
214
221
229

-
-
-
-
-
-
-
-

146
153
160
168
166
183
190
197
205
212
220

-
-
-
-
-
-
-
-

136
144
151
158
156
173
181
188
195
203
210

-
-
-
-
-
-
-
-

127
134
142
149
158
164
171
179
186
193
201

-
-
-
-
-
-
-
-

117
125
132
130
147
154
162
169
177
184
191

-
-
-
-
-
-
-
-

108
116
123
121
138
145
153
160
167
175
182

AGE IN YEARS                                                                                    TABLE B

См 17 19 21 23 25 27 29 31 33 35 37

128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200

433
473
513
553
593
663
673
713
743
773
803
823
843
863
883
903
923
930
941

408
448
488
528
568
608
648
678
708
738
768
788
808
828
848
868
888
908
912

-
-
-
-
-
-

619
639
659
679
699
719
739
759
779
799
819
839
859

-
-
-
-
-
-

605
625
645
665
685
705
725
745
765
785
805
825
845

-
-
-
-
-
-

592
612
632
652
672
692
712
732
752
772
792
812
832

-
-
-
-
-
-

578
598
618
638
658
678
698
718
738
758
778
798
818

-
-
-
-
-
-

565
585
605
625
645
665
685
705
725
745
765
785
805

-
-
-
-
-
-

551
571
591
611
631
651
671
691
711
731
751
771
791

-
-
-
-
-
-

538
558
578
598
618
638
658
678
698
718
738
758
778

-
-
-
-
-
-

524
544
564
584
604
624
644
664
684
704
724
744
764

-
-
-
-
-
-

511
531
551
571
591
611
631
651
671
691
711
731
751

Spirography (teaching video)         Work 28.5
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Spirography is  a  method  of  graphic  volume  registration  of
inspired and expired air.

To determine the most important respiratory volumes and capacities
by spirography, first of all, quiet breathing of the examined is recorded,
then  the  examined  must  make  a  maximally  deep  inspiration  and
immediately  a  maximum  expiration  —  to  determine  VC.  Then  quiet
breathing is recorded again. At the end of examination the examined must
make  a  maximum  hyperventilation  during  12–15  sec.  It  allows
determination of maximum ventilation of the lungs (MV) in evaluation to
1 min.

Spirogram analysis

Factor
Measurement

result
Norm

1. Respiration rate
2. Rhythmicity of respiration
3. Tidal volume
4. Inspiratory reserve v.
5. Exspiratory reserve v.
6. Vital capacity
8. Functional residual capacity
9. Minute ventilation
10. Alveolar ventilation

12 /min
rhythmic
500 ml
1500 ml
1200 ml
……… 
……… 
……….
……….

9–20 / min
rhythmic

300800 ml
5566 % of VC
2033 % of VC

3–7 l
3346 % of VC

49 l/min
АВ = 80–65%

of VC

Spirogram (drawing). Indicate TV, InRV, ExRV, VC, FRC.

Conclusion (compare the obtained data with the norm):

Pneumotacymetry (peakflowmetry)      
Work 28.6
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Pneumotachymetry  or  peakflowmetry  is  a  flow  measurement  technique  for  
the  air  flow  volume  on  inspiration  and  expiration.  The  most  common  are
peakflowmeters taking the maximum (peak) volume flow (PEF) of an expiration.

Accomplishment.  The  device  switch  should  be  in  position  “expiration”.  
The  examined,  clasping  tightly  the  peakflowmeter  tube  with  his  mouth,  makes  
a  maximum  forced  expiration  through  the  mouth.  The  result  is  determined  by  
a maximum deviation of the manometer meter.

To determine  the  volume  flow  of  an  inspiration  the  device  switch  is  set  to
position “inspiration”, then a maximum forced inspiration is made through the tube.

The peak (maximum) volume flow of expiration in adults is 4–10 l/sec. To find
the proper volume flow of an expiration (PPEF)

PPEF= 1,25  VC 
The permissible deviation of PPVV must not exceed ± 20 %.
PEF of  an  inspiration  is  usually  a  bit  less  than  PEF of  an  expiration,  but  it

shouldn’t be less than 3 l/sec.
Pneumotachometry has a great significance in diagnosing impairments caused by

decreased passability of bronchi — obstructive impairments of respiration. In marked
impairments of bronchi passability, PEF of an expiration reduces abruptly.

Obtained results:

Peak volume flow of an expiration = 

Proper peak volume flow of an expiration = 

Peak volume flow of an inspiration = 

Conclusion (if any signs of obstructive impairments revealed):

Figure 28.3. A peak flow meter

Structure of respiratory system. Topography and structure of lungs. Structure of the pleura.         Work 28.7
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Pleural cavity

OVERVIEW OF THE RESPIRATORY SYSTEM

The  respiratory  system  consists  of  the  nose,  nasal  cavity,
pharynx, larynx, trachea, lungs, the linings of the lungs (pleura) and
the respiratory muscles, such as the diaphragm and intercostal muscles.

Label the respiratory figure and color in the major parts of the
system.
Answer Key: a. Pharynx, b. Trachea, e. Right lung, d. Pleura, e. Nasal
cavity, f. Larynx, g. Left lung, h. Diaphragm

LUNGS AND MEMBRANES

The  lungs  are  in  the  thoracic  cavity  on  either  side  of  the  mediastinum.  
The membrane that occurs on the inside of the ribs and on the superior aspect of  
the diaphragm is known as the parietal pleura. The space inside of this is the pleural
cavity and the lungs occupy the pleural cavities.

The innermost membrane is the visceral pleura and it is attached to the surface
of  the  lung.  The  right  lung has  three  lobes:  a  superior  lobe,  a  middle  lobe,  and  
an inferior lobe. The left lung has two lobes: a superior lobe and an inferior lobe. The
left lung also has an indentation where the heart protrudes into the left lung and this is
the cardiac notch. Label the membranes and the parts of the lungs and color them in.
Answer Key: a. Parietal pleura, b. Visceral pleura, c. Superior lobe, d. Middle lobe, 
e Inferior lobe, f. Cardiac notch, g. Pleural cavity, h. Trachea

Topography and structure of the nose, larynx, trachea         Work 28.8
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CORONAL VIEW OFTHE NASAL CONCHAE AND LARYNX

The nasal cavity is more than a hole behind the nose. Inhaled air swirls
around the conchae and is warmed and moistened in the process. Label and
color the septal cartilage in a coronal section of the nose. Label and color each
of  the  conchae.  The  superior  nasal  concha,  middle  nasal  concha,  and  the
inferior  nasal  concha  should  each  have  a  different  color.  The  frontal  and
ethmoid sinuses can also be seen in this illustration. They give resonance to
the voice. Note the location of the hard palate and the external naris in this
coronal section. The larynx is also sectioned in this plane and the position of
the thyroid cartilage, the vocal fold, the cricoid cartilage, and the trachea are
seen in this view. Label and color the rest of the structures in this illustration.

Answer Key: a.  Sinuses,  b.  Superiornasalconcha,  c.  Middle  nasalconcha,  
d. Septal cartilage, e. Inferior nasal concha,f. Hard palate,g. External naris,  
h. Thyroid cartilage, i. Vocal fold, J. Cricoid cartilage, k. Trachea

The pathway of air         Work 28.9
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The  lungs  are  like  large
sponges  filled  with  microscopic
spaces. Air travels to these spaces
by the bronchial tree. 

The  trachea  splits  at  
the  level  of  the  lungs  into  two
primary bronchi. Each lung has a
primary bronchus that divides to
secondary bronchi.  These  divide
further to tertiary bronchi  which
divide into smaller branches. 

Finally  bronchi  become
bronchioles  and  these  lead  to
smaller sacs where the exchange
of  oxygen  and  carbon  dioxide
occurs  between  the  lungs  and
blood. Shade the major segments
of the bronchial tree. The air from
the  bronchioles  moves  into  the
alveolar  ducts  which are  part  of
the clusters called alveolar sacs. 

The  air  flows  into  the
alveolar duct which is a conduit
to the individual alveoli (alveolus
singular) and these are the areas
where  there  is  an  exchange  of
oxygen  and  carbon  dioxide
between the air and blood. 

Capillaries are situated next to the alveoli and there are two thin set of membranes-one of the
alveolus and one of the capillary that allow the exchange of oxygen and carbon dioxide. 

Additionally there are type II alveolar cells (septal cells) that secrete a material called surfactant.
This substance reduces the surface tension of the lungs, allowing them to expand more easily. Color in
the structures of the alveolar sacs and the associated structures.

Answer  Key:  a.  Cartilage,  b.  Secondary  bronchus,  
c.  Tertiary  bronchus,  d.  Bronchi,  e.  Bronchioles,  
f.  Alveoli,  g.  Capillaries,  h.  Type  II  alveolar  cell
(septal  cell),  i.  Surfactant,  j.  Red  blood  cell,  
k. Alveolus, I. Pulmonary artery, m. Alveolar ducts,  
n. Pulmonary vein, o. Alveolar sac
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REGULATION OF RESPIRATION Lesson 29

Date: ____________ 20____

1. Functional system that supports optimal metabolism of blood gas composition. 
2. The respiratory center: its structure and topography. Automaticity of respiratory

centre, its regulation of nervous and humoral factors. 
3. The nervous regulation of respiration. Receptors in the upper airways, bronchi,

bronchioles, and the respiratory muscles.
4. Pulmonary stretch receptors: change of inspiratory and expiratory. The Hering-

Breuer Reflex.
5. Topography  of  сentral  and  tissue  (peripheral)  chemoreceptors  and  their

functions. 
6. The  nervous  regulation  of  the  diameter  of  the  bronchi  and  bronchioles.  

М-cholino- and α- and β-adrenoreceptors in the smooth muscles of the bronchi. 
7. Humoral  regulation  of  respiration.  Acidic  metabolic  products  as  adequate

stimulus for chemoreceptors. Changing the mode of respiration during shifts рН-blood.
8. An excess of carbon dioxide and lack of oxygen in the humoral regulation of

breath. 
9. The mechanism of the first breath of a newborn. 
10. The concept of the functional reserves of the organism in gas exchange.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by

V. M.  Moroz,  O.  A.  Shandra.  2nd  ed.  Vinnytsia  :  Nova
Knyha, 2016. P. 437–490.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For

English  Groups  –  Normal  Physiology  –  For  Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W.  F.  Ganong. 23th  ed.  McGraw-Hill  Companies,  Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 29»         Work 29.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 29)
The progress of the work. Student self-loads program «Занятие 29» scrutinizing and submitted it.

Controlling computer program «Фарм ф-т Занятие 29»         Work 29.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 29)
The progress of the work. Student self-loads program «Фарм ф-т Занятие 29» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol ___________. 2. Evaluation on testing ___________. 3. Score on the lesson _________.
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Key terms and concepts         Work 29.3

Regulation of respiration is ____________________________________ The  three  most  important  indicator,  system-controlled  regulation  of
breath: 1)  рО2 ____________ 85–100 mm Hg; 2)  рСО2 ___________
35–45 mm Hg; 3) рН blood __________ and liquor __________

Respiratory center (RC) is _____________________________________ Vital  departments  Respiratory Centre  are  located  in  two structures  of
central  nervous  system:  1)  ________________;  2)
__________________.  Motoneurons  (MN)  of  diaphragm  located  in
_______________________,  and  intercostal  muscles
__________________________________

Three RC division in the brain stem and their functions: 
1)  ________________________;  2)  ____________________________;
3) _________________________

Topography  and  central  function  and  vascular  chemoreceptors:  
1) ________________________________________________________;
2) ________________________________________________________

Hypercapnia is ______________________________________________ Hypoxia  is  a
________________________________________________.  Hypoxemia
is a

Acidosis is _________________________________________________ Smallest  ground clearance  and  the  greatest  resistance  to  air  flow in  
the respiratory tract are: 1) ___________ (about 50 %); 2) __________;
3) ____________

The airway for air impact:  1) __________________________________;
2) _________________________; 3) ____________________________;
4) _________________________

The first breath of a newborn occurs in 15–70 since birth, manifesting a
shout.  Stimulus  are  the  inspiratory  ↑  СО2  (_________),  ↑  Н+

(_________),  ↓О2 (_________).  Al’veocity  type  II  produce
__________________

Contraction of the bronchi and bronchioles cause: 1) ________________
(stimulation of the vagus nerve) through __________________ receptors;
2) ____________________________; 3) _________________________;

Expansion of  the  bronchi  and  Bronchioles  cause:  1)
_________________  (sympathetic  stimulation)  through
_______________________  receptors;  2)  _______________________
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4) ____________________________; 5) __________________________ (from the adrenal medulla)

Influence of increasing tension СО2 in the alveolar air on external respiration         Work 29.4
(a computer program PhysioLogi)

Activate  the  icon  on  your  computer  screen  with  a  label  PhysioLogy.  
The  program  allows  you  to  simulate  the  impact  of  various  factors  on  
the function  hemo-cardio-respiratory system and calculated change of the external
respiration, blood flow, blood gas transport and gas exchange in the body depending
on the external  and internal  conditions  environmental.  In the center  of the screen
you'll see the schema represented the ratio of ventilation and blood flow in the lungs.

It singled out three areas on Vesta.
You can see that in the upper lobes of the lung ventilation

(40 %) more than the bloodstream (25 %), in the lower lobes is
the  ratio  of  the  inverse.  On  the  sides  of  the  diagram shows  
the magnitude  of  parameters  characterizing  the respiration,  gas
changes and blood flow.  
pАO2 — tension oxygen in the alveolar gas = 105–110 mmHg 
paO2 — tension of oxygen in arterial blood = 90–100 mmHg 
SaO2 — oxygenation of hemoglobin = 96–99 % 
FiCO2 — table of contents СО2 in inspired air
РАСО2 — tension СО2 in the alveolar air = 36–40 mmHg 
РаСО2 — tension СО2 in arterial blood = 37–42 mmHg 
PaCO2–PАCO2 = before 4 mmHg 
Vd/VT — the  ratio  of  physiological  dead  space  to  respiratory
volume. Norm — before 35 %. 
RR = respiration rate = 9–20 /min 
TV = tidal volume = 0,3–0,8 л. 
MV = Vent = alveolar ventilation
Flow = cardiac output (CO) = 5–6 l/min.
V:Q = the ratio of ventilation to the bloodstream

Open the display the original settings of the ventilation and
gas  exchange,  presented  in  the  programme  PhysioLogi.  Note
values: MV; RR. These data are entered into the table 29.1. 

Using the mouse, select the arrow in the upper left sector
«Inspired gas» on indicator FiCO2 % and (by clicking the mouse)
increase the CO2 content in inspired air to 3 % then 4 % and 5
%.  Through  30-40  seconds  after  each  change  СО2 capture  
the image on the screen (turn the arrow in the upper right corner
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and click the left mouse button on the label File then Pause).

Influence of increasing tension СО2 in the alveolar air on external respiration         Work 29.4
(a computer program PhysioLogi) (continued)

Table 29.1
Change of indicator of arterial blood and lung ventilation depending on

CO2 content in inspired air

Indicator
CO2 content in inspired air

0 % 3 % 4 % 5 %
MV 4,67 l/min 10,25 17 53
RR 10 /min 14 18 29

PROTOCOL

1. Figure. Dependency variables MV from CO2 content in inspired air
 MV  l/min      50 -

                      40 -
                      30 -
                      20 -
                      10 -
                        0    -------!-------!-------!  

                                                     3       4         5 % СО2
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Directions to registration Protocol:
1. Draw graph: MV/CO2 content in inspired air.
2. Make  a  conclusion  on  the  impact  of  increasing  the  CO2 content  in  
the alveolar air ventilation and blood pH.

2. When increasing the CO2 content in the alveolar air ventilation 
___________________ (decreases/increases).
3.  When  increasing  the  CO2 content  in  the  alveolar  air  arterial  blood  pH
_________________ (decreases/increases).

The respiratory center. Its afferent and efferent connection         Work 29.5

Directions to registration Protocol:
1. Draw diagram of neural connections of the respiratory Centre

using characters of synaptic transmission.
2. Specify the arrow direction of transmission of excitation in each

schema structure.

PROTOCOL

Scheme of neural connections of the respiratory center
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Functional system that supports optimal metabolic rate constant blood gas         Work 29.6

Figure 29.1. Functional diagram of 
the system that supports optimal

metabolism of blood gas composition
(by K. B. Sudakovu with additions)

Instructions for filling in the fig. 29.1.
1.  Enter  the  name  of  the  executive
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bodies  and  the  specific  parameters,
changes which can regulate blood gas
composition. 
2. Decode the abbreviations:

NC __________________________;

CNS _________________________;

PTC _________________________;

ID ___________________________;

ED __________________________;

PO2 __________________________;

PCO2 _________________________

3. Specify the upper and lower bounds 
of normal arterial PO2 values.

72



FINAL “PHYSIOLOGY OF BLOOD CIRCULATION AND RESPIRATION” Lesson 30

Date: ____________ 20____

Questions to prepare for the final lesson:
Heart and hemodynamics and regulation.
1. General plan of structure of the cardiovascular system. Systemic and pulmonary circles of blood circulation, direction of movement of blood in them. Value

of blood circulation to the body. 
2. Heart: topography, macroscopic structure, especially the blood supply and nutrition. Microscopic structure of endo-, myo- and epicardium. Pericardium.
3. Hemodynamic cardiac function: main indicators.
4. The topography of the nodes and bundles of the conducting system of the heart. Ultrastructure of myocytes of heart conduction system.
5. Substrate and nature of automatism. Pejsmeker. Excitation of the heart. Atrioventricular delay. Gradient avtomatisity.
6. Ultrastructure of contractile cardiomyocytes. Types of contacts cardiomyocytes.
7. Features of myocardial excitability and contractility. The ratio of excitement, excitability and contraction of myocardial cell.
8. Laws contraction of heart.
9. Cardiac cycle
10. External signs of cardiac activity. The concept of methods of studying the heart: ECG, PCG, rheography, echocardiography (ultrasound). 
11. Methods of studying the electrical activity of the heart: electrocardiography.
12. Intracardiac mechanisms of regulation of cardiac activity:  hetero- and homeomeometric regulation (Starling law of the heart, Anrep effect). Intracardiac

nervous system. 
13. Extracardiac mechanisms of nervous regulation of work of the heart. The autonomic innervation of the heart.
14. Characteristics and mechanism of effects of the sympathetic and parasympathetic nervous system on heart activity. M-cholinergic receptors and  α- and  

β-adrenergic receptors of the myocardium: the physiological effects of their excitation.
15. Extero- interoreceptive reflex effects on the heart. Intracardiac and intravascular receptive fields and their importance in the regulation of work of the heart.

Autonomic cardiac reflexes (Dagnini-Ashner, Goltz, Bainbridge).
16. Humoral regulation. Influence of electrolytes, hormones and other biologically active substances on the work of the heart.
17. The regulation of coronary blood flow. The role of metabolic products (lactic acid, ADP, adenosine) in the regulation of coronary blood flow.
18. Hemodynamics, its laws. Hydrodynamic patterns of blood flow through the vessels. Factors that ensure the movement of blood through the vessels, and its

return to the heart.
19. The topography of vessels of minor and major circulation. Morphological and functional classification of vessels. 
20. The microstructure of the walls of arteries, arterioles, capillaries, veins. Venous valves, their functions. Arteriolo-venular anastomoses.
21. Blood pressure: types, changes along the course of the bloodstream. Factors determining arterial blood pressure value. The notion of “normal value” of BP,

age-related changes in blood pressure. Methods for measuring blood pressure.
22. Linear and volume blood flow in different parts of the vascular bed. Arterial pulse: sphygmography. Venous pulse. Central venous pressure.
23. Microcirculatory bed as structural and functional complex, its links.
24. Physiological essence of microcirculation. Osmotic, oncotic and hydrostatic pressure in the capillaries and tissues. Mechanism transcapillary exchange.
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25. The structure of the lymphatic system: topography and structure of the lymph nodes and blood vessels. 
26. The functions of the lymphatic system. Lymph circulation. Lymph formation and composition of lymph. Regulation of lymph circulation.
27. Features of the blood supply to the brain, skeletal muscle, lung, kidney. 
28. Hemodynamics during exercise and hypokinesia.
29. The functional system, supporting optimal blood pressure for metabolism.
30. Vascular tone: definition, mechanisms of maintenance and regulation.
31. Reflex regulation of vascular tone. Afferent and efferent (sympathetic) innervation of the vessels. Proper and conjugates, pressor and depressor reflexes.
32. The structural organization of the vasomotor center: its afferent and efferent connections and functions. 
33. Humoral  regulation.  Vasodilator  substances:  acetylcholine,  histamine,  kinins,  adenosine.  Vasoconstrictors:  catecholamines,  vasopressin,  angiotensin,

serotonin.
34. Risk factors for cardiovascular disease.
35. Recommendations on healthy lifestyles for the conservation of the cardiovascular system and increase in its reserves.

Respiration
1. Structure of the respiratory system. Anatomy of pneumatic and gas exchange departments.
2. Topography and structure of the nose, larynx, trachea, bronchi. 
3. Inspiratory and expiratory muscles. 
4. Topography and structure of lungs. Structure of the pleura. Pleural cavity. The concept of blood circulation, lymph circulation and innervation of the lungs. 
5. External respiration. Mechanism of inspiratory and expiratory. Negative pressure in the pleural cavity and its function; elastic properties of lungs; surfactant,

composition and function.
6. Alveolar ventilation. Lung volumes. Research methods of external respiration.
7. The drainage function of the upper respiratory tract; regulation of motor activity of ciliated epithelium.
8. Gas exchange in the lungs. Composition of inspired, alveolar and expired air.
9. Mechanism of gas exchange between alveolar air and blood. Air-blood barrier.
10. Transport of gases in blood. Gases of blood. The oxygen capacity of arterial and venous blood. Ways to transport oxygen and carbon dioxide:  the role of

erythrocytes and plasma. Gas exchange in tissues.
11. Functional system that supports optimal metabolism of blood gas composition. 
12. The respiratory center: its structure and topography. Automaticity of respiratory centre, its regulation of nervous and humoral factors. 
13. The nervous regulation of respiration. Receptors in the upper airways, bronchi, bronchioles, and the respiratory muscles.
14. Pulmonary stretch receptors: change of inspiratory and expiratory. The Hering-Breuer Reflex.
15. Topography of сentral and tissue (peripheral) chemoreceptors and their functions. 
16. The nervous regulation of the diameter of the bronchi and bronchioles. М- cholino - and α- and β- adreno receptors in the smooth muscles of the bronchi. 
17. Humoral regulation of respiration. Acidic metabolic products as adequate stimulus for chemoreceptors. Changing the mode of respiration during shifts рН-

blood.
18. An excess of carbon dioxide and lack of oxygen in the humoral regulation of breath. 
19. The mechanism of the first breath of a newborn. 
20. The concept of the functional reserves of the organism in gas exchange.
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LITERATURE

The main
1. Lecture.
2. Moroz, V. M.  Physiology :  Textbook / V. M. Moroz ; ed. by  

V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha,
2016. P. 293–490.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English

Groups – Normal Physiology – For Pharmacy Students.
2. www.bsmu.by  –  Cтуденту (at  the  right  bottom)  –

Дистанционное обучение (http://etest.bsmu.by/) – Pharmacy –
Anatomy and Physiology – Lesson.

3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong.
23th ed. McGraw-Hill Companies, Inc., 2010.

4. Guyton, A. C. Textbook of Medical Physiology / A. C. Guyton,
J. E. Hall. 12th ed. WB Saunders, 2005.

Instructions on the completion of the protocol:
Students sit for the final classes in the final form of a computer or written test

(if required in combination with an oral examination) with the mandatory rating
score.

Computer  testing  is  the  first  step,  which  involves  for  the  completion  of
control work in the computer class on the programme “Testing – Control testing –
final pharm. Faculty” General Physiology with the basics of human morphology”.
Lesson  9.  Knowledge  assessment  involves  grading  from 1  to  10  points  on  the
following scale:

99–100 % — 8 points
91–98 % — 7 points
81–90 % — 6 points
76–80 % — 5 points
71–75 % — 4 points
61–70 % — 3 points
51–60 % — 2 points
41–50 % — 1 points
21–40 % — 0 points
0–20 % — 0 point

Each  student  is  required  to  calculate  the  rating  of  their  academic  performance,
which is taken into account when placing the final score. Rating is determined by
the summation  of  all  scores  obtained  in  each lesson and dividing  this  sum by  
the number of score.

PROTOCOL

Total number of questions _________. Number of correct answers _________. Score on testing _________. Rating ___________.

Final grade for the colloquium _________ points _________;
taking into account the rating, is calculated as follows: (score on rating + score on testing) ________ ________ + / 2 = ________ points.
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STRUCTURE AND FUNCTION OF THE DIGESTIVE SYSTEM. 
DIGESTION IN THE MOUTH AND STOMACH

Lesson 31

Date: ____________ 20____

1. General characteristics of the digestive system: importance; organs, notion of their topography
and the general plan of structure; function. 

2. General understanding about the innervation, blood and lymph circulation of the digestive system.
3. The  secretory  function.  The  digestive  gland,  secretion  types.  General  understanding  about

digestive juices. Gastrointestinal hormones and their functions.
4. Motor function. The notion about neural and humoral regulation of motility of the digestive tract.

The role of adreno-, cholino-, serotonino-, histamino- and purinergic mediation. 
5. Absorptive function.  The notion about the gradient of absorption of the hydrolysis products of

proteins, fats, carbohydrates, water and mineral salts in the digestive tract. 
6. Excretory function. Its value for the organism. Isolation of excretory substances in different parts

of the digestive system.
7. Digestion in the mouth. The notion about the topography and the structure of the oral cavity, the

mechanical and chemical processing of food in the mouth. Mechanisms of regulation of the secretion of
saliva and chewing.  

8. Swallowing.  The  notion  about  the  morphological  and  functional  features  of  the  pharynx  and
esophagus.

9. Digestion in the stomach.  The notion about the topography, macro- and micro-structure of the
stomach, its glands. 

10. Composition and properties of gastric juice.  Phases  of  gastric  secretion.  Mechanisms  of
regulation of gastric secretion and motility.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V.

M.  Moroz  ;  ed.  by  V.  M.  Moroz,  
O. A. Shandra. 2nd ed. Vinnytsia : Nova
Knyha, 2016. P. 491–520.

Additional
1. www.bsmu.by – Cтуденту (at the right

bottom) – For English Groups – Normal
Physiology – For Pharmacy Students.

2. www.bsmu.by – Cтуденту (at the right
bottom)  –  Дистанционное  обучение
(http://etest.bsmu.by/)  –  Pharmacy  –
Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical
Physiology / W.  F.  Ganong. 23th  ed.
McGraw-Hill Companies, Inc., 2010.

4. Guyton, A.  C.  Textbook  of  Medical
Physiology / A. C. Guyton,  J.  E.  Hall.
12th ed. WB Saunders, 2005.

Study computer program “Lesson 31”         Work 31.1
(Internet Explorer → Pharm program → Study program → Lesson 31)
Work procedure. The student independently loads the program “Lesson 31” and examines in detail the presentation of the course material.

Control computer program “Pharm faculty Lesson 31”         Work 31.2
(Testing → Tests for independent control → Pharm faculty Lesson 31)
Work procedure. The student independently loads the program “Pharm faculty Lesson 31” and later answers the questions.

PROTOCOL: 1. Score for formulation of the protocol _________. 2. Score for testing __________. 3. Score for the lesson __________.
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Basic terms and concepts         Work 31.3

Digestive system is a physiological system, represented _____________,
beginning _____________ and ending ____________, and the adjoining
glands (_________, _________, _________)

Digestion is ________________________________________________ 

The digestive tract (channel) has a length of ___–___ m, composed of 
6 structures: 1) ______________; 2) ____________; 3) _____________;
4) ___________; 5) ____________; 6) ____________. It has ________,
____________ structure and consists of 3 layers: 1) ________________;
2) __________________; 3) _________________ (________________)

Motor  function  of  the  digestive  tract  is  due  to  the  presence  of  
1) ______________________________ muscles at the entrance and exit
from it, which allows _______________ to regulate the process of intake
_______ and removal ______; 2) ____________________ stomach and
intestine; 3) _______________________ in the ducts of major glands

Functions of the digestive system: digestive: 1) ___________________;
2) _________________; 3) ________________; 4) ________________;
non-digestive: 1) ____________________; 2) ____________________;
3) _____________________; 4) ________________________

The volume  of digestive juices  secreted per day  ___–___L: saliva —
___–___ L; gastric juice — ___–___ L; bile — ___–___ L; pancreatic
juice — ___–___ L; intestinal juice of the ileum ___ L, colon ___–___ L

Digestion in the oral cavity involves ____________________________ The main functions of the oral cavity: digestive: 1) ________________;
2) ____________; 3) ____________; non-digestive: 1) _____________;
2) ____________; 3) _______________

Chewing is ________________________________________________ The largest contribution to the secretion of saliva is made by three pairs
of major salivary glands: 1) ___________, 70 %; 2) __________, 25 %;
3) ___________, 5 % (with the minor glands)

Composition and properties of saliva: salivation at rest ___–___ ml/min;
рН ___–___; water — ____–____ %; main enzymes _____________ for
hydrolysis

Throat — __________________________________________________

Gullet — __________________________________________________.
Its wall contain 3 layers: ___________, ____________, _____________

Swallowing  is  _____________________________________________.
It has 3 phases: 1) _____________; 2) _____________; 3) ___________

Stomach is ____________________________, capacity up to _____ L,
localized in __________________________________. It has 4 regions:
_________; _________; _________; __________: the wall has 3 layers:
______________; ______________; _______________

Digestion in the stomach occurs in ______ in the medium at рН ___–___
under the action _____________ acid and enzymes (_______________)
proteins undergo hydrolysis and food bolus as well as gastric juices is
formed _______________________
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General characteristics of the digestive system: organs, their topography         Work 31.4
and the general plan of structure, function

Complete and color the scheme.

Answer  Key:  a.  Alimentary  canal.  b.  Mouth,  c.  Esophagus,  d.  Stomach,  
e. Small Intestine, f. Large intestine, g. Accessory organs, h. Salivary glands,  
i. Liver, j. Pancreas, k. Gall bladder, l. Rectum, m. Anus

Write  the  enzymes  and  pH  in  the  regions  of  the  GIT
(gastrointestinal tract).

1. Oral cavity ________________________________________

2. Stomach __________________________________________

3. Pancreas __________________________________________

4. Hepatic bile composition and pH _______________________

5. Bladder bile composition and pH _______________________

6. Duodenum _________________________________________

7. Colon _____________________________________________
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Topography and structure of the organs of the oral cavity         Work 31.5

Answer  Key:  a.  Superior  labial  frenulum,  b.  Gingiva,  c.  Hard  palate,  
d.  Softpalate,  e.  Uvula,  f.  Oropharynx,  g.  Tongue,  h.  Inferior  labial
frenulum, i. Esophagus

Answer  Key:  a.  Sublingual  gland,  b.  Submandibulargland,  c.  Parotid  gland,  
d. Parotid dud
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Digestion in the stomach. Topography, macro- and micro-structure of the stomach.         Work 31.6
Glands of the stomach

Answer Key: a. Fundus, b. Cardia, c. Lesser curvature, d. Longitudinal layer (of muscularis), 
e.  Circular  layer  (of  muscularis), f.  Oblique  layer  (of  muscularis),  g.  Body,  h.  Rugae,  
i. Greatercurvature, j. Pyloriccanal, k. Pyloricsphincter, l. Antrum, m. Gastricpit, n. Chief cell,
o. Parietal cell, p. Mucosa, q. Submucosa, r. Serosa

Functions of the stomach:
1. The accumulation  of  food masses  (depository function 3–10

hours), their  mechanical  and chemical  processing to produce
chyme and movement to the distal regions.

2. The secretion of gastric juice.
3. Chemical  breakdown  under  the  action  of  gastric  juice.  

The composition of gastric juice: ______________________.
The daily quantity of gastric juice: ____________ l.

4. Secretion of the antianemic factor (intrinsic factor of Castle)
promotes absorption of food vitamin B12.

5. Absorption of a number of substances: water, salt, sugars. 
6. Excretion  —  excretion of metabolic products through the

mucosa (is amplified in renal impairment). 
7. Endocrine —  production  of  a  number  of  hormones  and

bioactive substances (gastrin, motilin, somatostatin, histamine,
serotonin, substance P).
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Action of α-amylase (ptyalin) of saliva on starch         Work 31.7

The process chemical processing of  food begins in the mouth
under the action of enzymes of mixed saliva (α-amylase, lingual lipase,
alkaline and acid phosphatases,  kallikrain,  nucleases, peroxidase).
Sources of production of these enzymes are different: salivary glands,
oral mucosa epithelial cells, microorganisms, emigrated leukocytes into
the  oral  cavity.  Under  the  influence  of  these  enzymes,  hydrolysis  of
carbohydrates, lipids, nucleic acids, cleavage of phosphate from organic
compounds  takes  place.  Amylase  is  the  predominant  content  
(0.4–1.0 g/L) in human saliva. It is synthesized in a variety of salivary
glands  in  the  following  volume:  parotid — 0.5–1.5  g/L;  
submandibular — 0.1–0.5 g/L; sublindual — 0.1–0.5 g/L.

Under  the influence  of  α-amylase  (pytalin)  the α-1,4-glycosidic
linkages  in  the  molecule  of  starch  is  broken  down  and  hydrolysis
products formed are maltose, maltotriose and α-dextrin. The enzymatic
activity of α-amylase is manifested in a wide pH range (from 3.8 to 9.4),
but the optimal activity is achieved at neutral pH.

Materials  and  equipment. 4  test  tubes,  funnel,  pipette,  tripod
stand for the test tubes, water bath (thermostat to 37), ice, starch paste
(1 % aqueous solution), 5 % solution of iodine or Lugol's solution, 2 %
HCl solution, distilled water, litmus paper.

Work procedure. Collect saliva (see previous work). Dilute with
water in a ratio of 2: 1 (two parts of the saliva). Pour into each tube 2 ml
of diluted saliva. 

Place tube  № 1 in the stand (control),  heat tube  № 2  on a spirit
lamp to boil and let to cool; in test tube № 3, add 1–2 drops of 2 % HCl.
Using litmus paper determine the pH. Then add 1 ml of starch paste to all
tubes (№ 1–4). After multiple shaking of tubes 1, 2, 3, put in a water bath
(37) for 15 minutes, and place tube № 4 over ice. After the required time
has elasped, add 1–2 drops of solution of iodine to all tubes (iodine stains
the starch blue). Pay attention to the color of the solution. 

Instructions on formulation of the protocol:
1. Complete the table.
2. Make conclusion about the conditions in which the starch

hydrolysis by salivary α-amylase takes place. 

PROTOCOL

№ 
of test
tube

Content of the test
tube

t °С pН
Color of the content 
of the tube changes to

blue (yes/no) 
1 37

2 100

3 37

4 0

Conclusion.  Enzymatic activity of salivary α-amylase occurs at t°
____________________ and pН of solution ______________________
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Sialometry
Work 31.8

Now  there  are  non-invasive  and  painless  method  of  collecting  mixed
saliva and saliva isolated from major and minor salivary glands. It is very easy
to collect mixed saliva; its quantity in most cases is a fairly accurate indication
of the degree of dryness of the oral cavity. Disease of separate salivary gland
can often be diagnosed by its secretion. Quantative determination of the amount
of saliva is called “sialometry”.

The saliva should be collected in 1.5–2 hours after a meal or on an empty
stomach (after an overnight fasting). The patient is asked not to do, that which
can stimulate salivary secretion until the collection procedures. This prohibition
includes  chewing  anything,  such  as  food,  chewing  gum,  candy;  smoking,
brushing,  rinsing  the  mouth,  drinking  and  so  on.  The  test  itself  should  be
conducted in a quiet environment. To obtain the average value of the speed of
salivary secretion, the test should be carried out by at least two determinations,
approximately at the same time on two different days to obtain average values
of  rate  of  salivation.  If  the  patient's  baseline  characteristics  were  defined
previously, new data can be used to compare or as comparative parameter of the
state of the salivary glands at the present time. If the initial data are not present,
as is usually the case, salivation rate can be compared with the best standard for
a given population.

Evaluation of the rate of secretion of mixed saliva
Mixed  saliva  can  be  collected  and  quantitatively  measured  with

volumetric and gravimetric methods. Collection techniques include collecting
saliva as free flow from the mouth, at spitting or sucking and collecting in  
the  tampon.  The  combination  of  volumetric  method  with  the  method  of
collecting by free flow and spitting, that are easily done in the clinic will be
described below. 

Sialometer is used as the measuring device or well-calibrated measuring
cylinder. Sialometer is specially designed and reusable instrument (Pro-Flow
Inc., Amityville, N.Y.), with the help of which stimulated and saliva at rest can

Otherwise,  use  a  2-dimensional  cylinder  (tubes)  with  
a capacity of approximately 12 ml, calibrated to an accuracy of
0.1 ml and 2 funnel. 

Materials  and equipment: 4  graduated  tubes,  2  funnels,
stopwatch, chewing gum (students are to provide by themselves). 

Work procedure. 

Collection of mixed saliva at rest (nonstimulated)
The patient is seated, asked to lower his/her head and sit in

this position, not to swallow saliva or move the tongue and lips
during the entire period of saliva collection. Accumulated saliva in
the  mouth  for  2  minutes,  then  the  patient  is  asked  to  spit  
the  entire  contents  of  the  oral  cavity  into  a  receiving  vessel.  
The procedure of collection is carried out 2 more times so that the
total acquisition time was 6 minutes. Saliva flow rate, expressed
in ml/min is the total amount of saliva collected divided by six. 

Collection stimulated mixed saliva
1. Method with paraffin.
Ask the patient to hold a piece of wax (Orion Diagnostia,

Espoo., Finland) in the mouth until it becomes soft or chew gum
(about 30 seconds), and then asked to swallow all the saliva that
had accumulated in the mouth. Then the patient is asked to chew 
a piece of wax (gum) in the usual manner for 2 min, accurately
timing;  accumulated  saliva  is  spit  into  the  receiving  vessel.  
The procedure is carried out 2 more times. The volume of saliva is
determined by divisions of the vessel and calculating the rate in
ml/min.
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be collected in one vessel.

Sialometry (continuation)         Work
31.8

2. Method citric acid
2 % citric acid solution (made in pharmacy) is applied by a swab

on the dorso-lateral surface of the tongue after every 30 seconds over  
a period of 2 min. Saliva accumulates and then is spit into a receiving
vessel. Like the paraffin method, the procedure is repeated three times so
that the total  acquisition time was 6 minutes.  Like the previous one,  
the flow rate is expressed in ml/min. 

Evaluation of results 
At rest, the rate of secretion of mixed saliva generally varies from

0.3  to  0.4  ml/min,  stimulation  by  chewing  paraffin  (chewing  gum)
increases the rate to 1–2 ml/min. Rate limit for the mixed base salivation
saliva from 0.1 to 2.0 ml/min, while stimulated salivary flow — from 0.5
to 6.0 ml/min.

Non-stimulated
secretion of saliva

Stimulated
secretion of saliva

Normosalivation 
Hyposalivation  
Hypersalivation

0.1–2.0 ml/min
Below 0.1 ml/min
Above 2.0 ml/min

0.5–6.0 ml/min
Below 0.5 ml/min
Above 6.0 ml/min

Instructions on the formulation of the protocol:
1. Calculate the salivation rate and record the received results in

the protocol.
2. Make conclusion about the speed of secretion of saliva in the

subject.

PROTOCOL

1. Speed of secretion of saliva: non-stimulated ________ ml/min,
stimulated         ________ ml/min.

2. Conclusion. The subject ____________________________________
(normo- , hypo- or hyper-salivation)
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Determination of рН of oral fluid        Work 31.9

Optimal  concentration  of  hydrogen  ions,  which  is  maintained
within  a  narrow  range,  which  is  one  of  the  important  indicators  of
homeostasis, is required for the normal course of metabolic processes in
the extracellular fluid. The concentration of hydrogen ions is determined
by the type and amount of acids and bases. 

The pH of the oral fluid can shift to the acidic or alkaline side.
Changes in acid base state can lead to disruption of the structure and
function  of  the  tissues  of  the  oral  cavity  (focal  demineralization  of  
the enamel of the teeth, the formation of cavities in them, the erosion of
hard  tissue,  desquamation  of  mucosal  epithelium,  dental  stones,
periodontitis).  Under  normal  conditions,  the  pH in  the  oral  cavity  is
maintained  by  self-regulation.  The  following  are  involved  in  this
regulation:  saliva  (bicarbonate,  phosphate,  protein  and  other  buffer
systems); dental plaque (microorganisms produced as a result glycolysis
acid); dental stones (able to bind hydrogen ions); gingival fluid (having a
pH of 7.9 to 8.3 due to the high content of ammonia and urea); food
components (acidic foods (fruit juices) shift the pH to the acid direction,
their  long-term  exposure  may  cause  erosion  of  dental  hard  tissues;
cheese,  nuts,  menthol  cause  a  shift  in  pH  to  the  alkaline  side).  
The normal oral fluid pH averages 7.07 units (normal fluctuations from
6.2 to 7.4 units).

Changing the pH can result to disorder of the oral fluid properties.
At a pH greater than 7.6 units there can be marked loss of phosphoapatite
from solution to form dental stones. At a pH of less than 6.2 units, oral
fluid begins to transform from a supersaturated with Ca2 + ions and P
into undersaturated, i.e. from remineralized to demineralized. 

Materials and equipment: cups (test tubes) with freshly collected
saliva (see work 26.3.); pH meter.

Work procedure. Place cup with saliva on the table of pH meter
so that pH meter electrode can be immersed in the saliva. Record the
instrument readings.

Instructions on formulation of the protocol:
Record the findings in the protocol and compare the result with the

normal values.

PROTOCOL

1. рН of oral fluid: non-stimulated ______ units; stimulated _____ units.
2. Conclusion. рН of oral fluid ________________________________ 

(normal; ↓, < 6.2 units; ↑, > 7.4 units)
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THE FUNCTIONS AND STRUCTURE OF THE LIVER AND PANCREAS. 
REGULATION OF THE LEVEL OF NUTRIENTS IN THE BLOOD

Lesson 32

Date: ____________ 20____

1. Small intestine: an idea of its topography, divisions, structure, characteristics of
blood and lymph circulation, innervation.

2. Digestion in the 12-duodenum. 
3. Pancreas:  function;  view  of  its  topography  and  structure.  Composition  and

properties of pancreatic juice. Regulation of pancreatic secretion.
4. Liver: topography, macro-and microstructures, functions, features of circulation. 
5. Composition,  properties  and  functions  of  bile.  Regulation  of  bile  formation,

release it in 12-duodenum.
6. Cavernous and membrane hydrolysis  of nutrients in the small intestine.  Motor

activity of small intestine and its regulation.
7. Large intestine: topography, building departments, blood and lymph circulation

and innervation.
8. Digestion  in  the  large  intestine.  Motor  activity  of  the  large  intestine  and  its

regulation. Defecation.
9. Microflora of large intestine. 
10. The absorption of substances in different parts of the digestive tract. Types and

mechanisms of absorption.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed.

by V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova
Knyha, 2016. P. 521–550.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For

English  Groups  –  Normal  Physiology  –  For  Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th  ed.  McGraw-Hill  Companies,  Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

An educational computer program «Занятие 32»         Work 32.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 32)
The progress of the work. Student self loads program «Занятие 32» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм ф-т Занятие 32»         Work 32.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 32)
The progress of the work. Student self loads program «Фарм ф-т Занятие 32» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol __________. 2. Evaluation on testing __________. 3. Score on the lesson __________.
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Key terms and concepts         Work 32.3

Small intestine (intestinum tenue) — it ___________________________ Small intestine — _________, _________ organ length __–__ m, wall
composed  of  3  shells:1)  ___________;  2)  ___________;  3)
___________

Three  divisions  of  the  small  intestine,  their  length  and  localization:  
1) _________________ (duodenum) tube length up to 30 cm; 2) _______
(up to 1.5–2 m); 3) ________ (3–4 m) 

Function  of  small  intestine
_____________________________________

Functions  of  the  prismatic  (columnar)  of  epithelial  cells:
1) __________________; 2) _________________; _________________;
endocrinocytes, __________________

The  pancreas is __________________ organ, consisting of 2 divisions:
____–____ (97 %), _________________; _____ (3 %), forms hormones:
_________________ (β-cells), _________________ (α-cells)

The  enzymes  of  pancreatic juice  for  the  hydrolysis  of  proteins  are
excreted in _________ form: ___________; ___________; ___________;
_____________

The liver is _______________ organ, mass ___–___ kg, localized in the
abdominal cavity in ___________ ribs under ______________________

Liver  function: ___________; __________ ___________; __________;
_________; _________; _________; __________; _________

The gall bladder is _________, ________ organ, volume ___–___ ml of
bile. The wall consists of 3 shells: 1) ________; 2) _______, 3) _______

Functions of bile: 1) ___________ fats; 2) ____________ lipase activity;
3) dissolution products of hydrolysis ______________ and increased their
absorbtion; 4) ______________________

Large intestine — ____________, ___________ body length ___–___
m,  the  wall  consists  of  3  shells:  1)  _______________;  2)
_______________; 3) ______________/_______________

In the colon (intestinum crassum) allocate part 3: ______________ colon,

___–___ sm, with _________ shoot; _________ colon (before _____ m);
____________ colon, ___–___ sm

Colon consists of: 1) ____________________; 2) _________________;
3)_____________________; 4) _______________________

Colon function: 1) _____________________; 2) ___________________;
3) __________________________; 4) __________________________

The main  types of normal microflora of large intestine: 1) _______ 90
%; 2) __________ 9 %; 3) __________ 1 %

The role of microflora of large intestine: 1) _______________ immunity;
2) ____________ digestion; 3) the synthesis of vitamins _____ and ____;
4) antagonism to the pathogenic ___________________; 5) participate in
the exchange _______________________, ________________________,

Absorption  of  substances:  in  the  mouth  —
________________________;  in  the  pharynx  and  the  esophagus  —
____–____;  in  the  stomach  —  __________________;  in  the  small
intestine  —  ___________________;  large  intestine  —
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____________________________ ________________________ absorption

Small intestine         Work 32.4

The small  intestine  receives  the  contents
of  the  stomach,  continues  the  process  of
digestion and absorbs nutrients. The first part of
the small intestine is the duodenum, a short tube
of about twelve inches in length,  that receives
material from the stomach, enzymes and buffers
from  the  pancreas,  and  bile  from  the  gall
bladder.  The  duodenum has  circular  folds  in  
the  wall  that  increase  the  surface  area.  
The  jejunum  is  the  next  section  of  the  small
intestine and it makes up about forty percent of
the small intestine. 

There are circular folds in the jejunum as
well.  The  ileum  is  the  terminal  portion  of  
the  small  intestine  and  represents  about  sixty
percent  of  the  small  intestine.  The  small
intestine is small in diameter and that is how it
gets its name. 

The small  intestine is distinguished from
the rest of the alimentary canal by the presence
of  villi.  These'small  structures  in  the  mucosa
increase the surface area of the small  intestine
and  house  blood  capillaries  and  lacteals  for  
the absorption of nutrients. 

The  small  intestine  has  the  four  layers
typical of the other organs of the gastrointestinal
tract:  the  mucosa,  submucosa,  muscularis  and
serosa. Label the parts of the small intestine and
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Answer Key: a, Gall bladder, b. Pancreas, c. Duodenum, d Jejunum, e. Ileum, f. Circular fold, g, Villi, h. Submucosa,
i Muscularis

color  in  the  various  regions  and  layers  of  
the small intestine.

Large intestine         Work 32.5
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Answer Key:  a.  Hepaticflexure,  b. Splenicflexure,  
c. Transverse colon, d. Descendingcolon, e. Epiploic
appendages,  f.  Sigmoid  colon,  g.  Redum,  h.  Anal
canal,  i,  Anus.  j.  Vermiform appendix, k. Cecum,  
l. Ascending colon, m. Tenia coli, n. Haustra

The large intestine is shorter than the small intestine
but  has  greater  width.  The  large  intestine  begins  in  
the lower right quadrant of the abdomen with a sac-like
structure  called  the  cecum.  The  ileocecal  valve  is  
a muscular  sphincter  that  prevents the fecal  material  in  
the  cecum  from  flowing  back  into  the  ileum.  At  this
junction is the vermiform appendix. Material in the large
intestine moves from the cecum to the ascending colon and
then makes a sharp turn at the hepatic flexure. 

Once this  turn is accomplished,  the material  is in  
the transverse colon. From here there is a sharp downward
angle called the splenic flexure and the material  enters  
the  descending  colon.  From  the descending  colon,  
the  material  enters  an  S-shaped tube  called  the sigmoid
colon and then enters the rectum. The rectum is the end of
the large  intestine.  The  rectum  leads  to  the  anal  canal
which is a short tube leading to the anus.

There are  several  anatomical  features  that  separate
the  large  intestine  from  the  small  intestine.  The  large
intestine  has  long  strips  of  smooth  muscle  that  run  
the length of the large intestine. These are called the teniae
coli.  These  muscles  pull  the  intestine  into  small
compartments  called  haustra.  Another  distinguishing
feature of the large intestine is the presence of small  fat
globules called epiploic appendages.

Label  the  parts  of  the  large  intestine  and color  in
each region with a different color. Color the haustra light
red and the tenia coli pink.

Color the epiploic appendages yellow.

Liver         Work 32.6
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Answer Key: a. Right lobe, b. Left lobe, c. Falciform
ligament,  d. Portal vein, e. Hepatic artery f. Caudate
lobe, g. Quadrate lobe, h. Portal triad, i. Central vein,
j.  Bile  duct,  k.  Hepatic  artery  branch,  l.  Bile
canaliculus, m. Portal vein branch, n. Hepatocytes, o.
Sinusoids

The liver is the largest internal organ of the body.  
It  is  on  the  right  side  of  the  body  and  plays  a  major
metabolic  function  in  digestion  and  also  in  processing
material from the blood. The liver has four lobes in humans
and is held to the diaphragm by the falciform ligament. The
right lobe is the largest of the lobes. 

The left lobe is also reasonably large. The quadrate
lobe is anterior and is rectangular in shape when seen from
the inferior view. The caudate lobe is a posterior lobe of the
liver. The blood flows into the liver from two sources. 

The hepatic portal vein takes blood to the liver from
the digestive tract and some abdominal organs. The hepatic
artery brings  oxygenated  blood to the  liver. The  liver  is
composed  of  microscopic  sections  called  liver  lobules.
These are typically hexagonal columns that have a central
vein that takes blood back to the heart via the hepatic vein. 

Blood travels to the central vein by sinusoids, canals
that  are  lined  by  hepatocytes  (liver  cells).  Hepatocytes
clean the blood or process material in the blood. Old blood
pigments  are  recycled  by the  liver  and  are  converted  to
bile. 

The  bile  moves  through  bile  canaliculi  and
eventually is stored in the gall bladder. The branches of the
hepatic  artery,  portal  vein,  and  bile  duct  are  clustered
together and form the portal triad. Label the liver structures
on the illustrations.

Color in the lobes of the liver using different colors
for  each  lobe.  Color  the  hepatic  portal  vein  blue,  
the hepatic artery red, and the bile ducts green.

Call functions of liver:

Pancreas/gall bladder         Work 32.7
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Answer  Key:  a.  Gall  bladder,  b.  Pancreas,  c.  Duodenum,  d.  Head,  e.  Body,  f.  Tail,  g  Right  hepatic  duct,  h  Cystic  duct,  
i. Duodenal papilla, j. Left hepatic duct, k. Common hepatic duct, I. Common bile duct, m. Pancreatic duct

The  pancreas  is  a  complex  organ
that has both a digestive function and an
endocrine  function.  The  digestive
function  of  the  pancreas  consists  of
producing  enzymes  for  the  digestion  of
materials  in  the  small  intestine  and  the
secretion of buffers to increase the pH of
the  fluid  secreted  from  the  stomach.  
The  pancreas  has  a  head,  next  to  
the  duodenum,  a  main  body  and  a tail
near the spleen. The enzymes and buffers
secreted into the small intestine flow into
the  pancreatic  duct  before  entering  
the small intestine. 

The gall bladder receives bile from
the liver, storing and condensing it  prior
to secreting it into the small intestine. Bile
is  an  emulsifier  of  fats,  making  them
disperse  in  the  liquid  chyme  of  
the  digestive  tract.  Bile  flows  from  
the  left  and  right  hepatic  ducts,  into  
the common hepatic duct, into the cystic
duct then entering the gall bladder. When
the  gall  bladder  contracts,  bile  moves
back  out  the  cystic  duct  and  into  
the common bile duct before entering the
small intestine. Usually the common bile
duct  and the pancreatic duct  join before
they enter the small intestine. In this case
the  tube  is  called  the  hepatopancreatic
ampulla  and  it  leads  to  the  duodenal
papilla.  Label the parts of the pancreas,
gall bladder and ducts and color them in.

Effect of neurotransmitter of the sympathetic nervous system on peristalsis         Work 32.8
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of small intestine and analysis of neurotransmitter mechanisms the transfer 
excitation on the smooth muscle of intestines (demo computer work)

Progress of work. Download the file Fink,
using  shortcuts  Enter  and  Esc  log  in  to  
the  program,  Next,  select  the  Introduction
→  Enter  →  Page  Down  (page  2).  Next
model  of  the  experiment  teams:  Esc  →
Experiments.
2. Nerve Stimulation
1. Frequency Response
F5 –  25,0  Hz  (stimulation)  (draw  reзult,
figure 1, B);
Esc  →  Atropine,  2  g/ml  (draw  reзult,
figure 2, А);
Esc → Propranolol, 20  g/ml (draw reзult,
figure 2 B);
Esc  →  Phentolamine,  200  g/ml  (draw
reзult, figure 2, C);
Esc → 1. Adrenergic Drugs
Noradrenaline 
Dose response
F5 (54 g/ml) (draw reзult, figure 1, C)
Finish  the  model  experiment  and  exit  
the program by pressing Quit → Q → Enter.

Directions to registration Protocol:
1. Draw change peristalsis a lot of small intestine after electrical stimulation of sympathetic nerve

(frequency 25 Hz) (figure 1, b), and after the introduction of the perfusion solution noradrenaline
in a dose 54 g/ml (figure 1, c).

2. Draw change peristalsis a lot of small intestine following the introduction of Atropine (the dose of
2  g/ml), Propranolol (the dose of 20  g/ml),  Phentolamine (the dose of 200  g/ml) and after
stimulation of sympathetic nerve (frequency 25 Hz), figure 2, А, B, C.

3. Make a conclusion about  the effect  of sympathetic  nerve on peristalsis  of small  intestine  and
specify which neurotransmitter is released from postganglionic fibers, and which type of receptors
in the smooth muscles of the small intestine.

PROTOCOL

Figure № 1. Lot of small intestine motility (1 А) and the influence of the sympathetic nerve after
electrical stimulation (1B) and the introduction of norepinephrine (1 C).

1 А 1 B 1 C

Figure № 2. Effect  of atropine  dose 2  g/ml  (2 А),  propranolol  in  a  dose 20  g/ml  (2 B) and
phentolamina dose 200 g/ml (2 C) the inhibition of peristalsis of the plot of the small intestine, After
electrical stimulation of sympathetic nerve. 

2 А 2 B 2 C

Conclusion:
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METABOLISM AND ENERGY Lesson 33

Date: ____________ 20____

1. Metabolism. Essential substances.
2. Characteristic processes of anabolism (assimilation) and catabolism (dissimulation),

their relationship.
3. The concept of normal nutritional needs. Nutrients and xenobiotic, their role in the

body.
4.  Plastic and energy role of proteins, fats and carbohydrates. Nitrogen balance.
5. The energy balance of the body. Work  balance. Energy consumption for different

types of work.
6. Basal metabolic rate, its  value, its determining factors. The value study of basic

metabolism.
7. Methods for determination of the прихода and расхода energy (direct and indirect

calorimetry, calculation tables and formulas).
8. The mass  of  the  body. The  concept  of  normal  body weight  and  its  regulation.

Excess (obesity) and inadequate (wasting) body weight. 
9. Water-salt metabolism. The need for water and minerals. The idea of regulation of

water-salt metabolism.  
10. Vitamins. Types, the value in the life of the organism, need for vitamins.
11. Nutrition. Diet.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ;

ed.  by  V.  M.  Moroz,  O.  A.  Shandra.  2nd  ed.
Vinnytsia : Nova Knyha, 2016. P. 551–573.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For

English Groups – Normal Physiology – For Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W.  F.  Ganong. 23th  ed.  McGraw-Hill  Companies,
Inc., 2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A.  C. Guyton,  J.  E.  Hall. 12th  ed.  WB  Saunders,
2005.

An educational computer program «Занятие 33»         Work 33.1
(Internet Explorer  Фармпрограмма  Обучающая программа  Занятие 33)
The progress of the work. Student self loads program «Занятие 33» and scrutinizing submitted her teaching material.

Controlling computer program «Фарм ф-т Занятие 33»         Work 33.2
(Тестирование  Тесты для самоконтроля  Фарм ф-т Занятие 33)
The progress of the work. Student self loads program «Фарм ф-т Занятие 33» and then answers questions.

PROTOCOL: 1. Evaluation of the registration Protocol __________. 2. Evaluation on testing __________. 3. Score on the lesson __________.
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Key terms and concepts         Work 33.3

Essential for the body substances: 1) _____________; 2) ____________;
3) sources of energy ___________________; 4) 9 essential ______-acids;
5) 2 essential _________ acid; 6) 13 ___________; 7) 15 ____________

Metabolism and energy is ___________________________________

The normal need for food stuff — this ___________________________,
___________________________________________________________
___________________________________________________________
___________________________________________________________.
Normal need is between the two thresholds: 

1) __________________________; 2) ____________________________

Basics  rational  (healthy)  nutrition:  1)
_____________________________  _________________________;  2)
ensure plastic needs (______________ proteins 55–60 % all of proteins;
_______________________ fats 50 % from all the fat; 13 _________
and 15 ___________ substances + water); 3) __________ (3–5 times per
day, the last time for 3 hours before sleep); 4) substance to the work of
the digestive tract (__________, __________, 30 g/day)

Anabolism is a ______________________________________________ Catabolism is 
________________________________________________ 

Nitrogen balance is __________________________________________ Basal metabolic rate is ________________________________________

Protein intake for adults is ___–___ g/kg body weight per day, of which
animals, high-grade proteins ___–___ %, vegetable ___–___ %

Standard conditions in determining basal metabolism: 
1) _________________________; 2) ___________________________; 
3) _________________________; 4) ___________________________

Direct calorimetry is _________________________________________ Indirect calorimetry is ________________________________________

Subsistence needs of adult in inorganic makroelement: sodium ___–__ g;
chlorine  ___–___  g  г;  potassium ___–___  g;  calcium  ___–___  g;
phosphorus ___–___ g

Subsistence needs of adult in inorganic trace minerals: iron ___–___ mg;
iodine  ___–___  mcg;  Selenium  ___–___  mcg;  copper  _____  mg;
fluoride ___–___ mg

Fat-soluble vitamins: the names, the daily requirement: 
А – retinol, ____–____ mg; D – calciferol, ____–____ mcg; 
Е – tocopherol, ____–____ mg; К – ____–____ mg

Water-soluble vitamins: daily need: С  ___–___  mg; В1 ___–___  mg;  
В2 ___–___  mg;  В3 ___–___  mg;  В6 ___–___  mg;  В9 ___–___  mg;  
В12 ___–___ mcg; Н ___–___ mg
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Calculation of due values of basal metabolism by tables and formulas         Work 33.4

Basal  metabolic  rate  is  the  minimum  energy  to  ensure
homeostasis of the organism under standard conditions: 1) State of
wakefulness  (during  sleep  power  consumption  reduced  by  8–10  %
compared with a calm wakefulness); 2) State of physical and mental rest
in the lying position;  3) fasting,  through 12–16 hours after eating (to
eliminate  its  specific  dynamic  action);  4)  when  outside  temperature
“comfort” (18–20 (for easy wearing person) not feeling cold or heat.

The  energy  exchange  is  used  for  the  synthesis  of  cellular
structures,  maintaining  a  constant  body  temperature,  the  activity  of
internal organs, skeletal muscle tone and reduce respiratory muscles. 

The intensity of the basal metabolic rate depends on age, sex, body
mass and length. 

The magnitude 4.2 kJ (1 kcal) per 1 kg of body weight in 1:00 is
an  exemplary  standard  basal  metabolic  rate  of  an  adult  male  from
puberty up to 40 years. For women this figure is 10 % lower (0.9 kcal/kg
body  weight/1  h),  after  40  years  is  gradually  reduced  in  children  is
increased several times (the maximum in newborns and children up to  
1 year).

The daily amount of the basal metabolic rate is easy to calculate
formulas and tables, derived based on the results of a large number of
studies of healthy people of different sex, age, body mass and growth.

Materials  and  equipment:  wooden  or  metal  stadiometr
stadiometer (vertical Board or rod with measuring marks and horizontal
lath), lever or electronic scales.

The progress of the work. Measure the height of a subject using 
a  wooden or metal  pole  aside  stadiometr. Using a  lever  or  electronic
scales (up to  100 g) perform a body mass  measurement  of a subject.
Weighing produce  better  on an empty stomach,  light  clothes,  without
shoes (and socks on electronic scales). From the resulting values subtract
weight  clothing  (0.5  kg).  Calculate  the  due  amount  of  the  basal
metabolic rate (due BM) have tested as follows:

Table 33.1
Calculation formulas for human DBM depending on age, 

sex and body mass (BM)

Age, years
Due BM (kcal/24 h)

Men Women
0–3 60,9 · BM – 54 61,0 · BM – 51
3–10 22,7 · BM + 495 22,5 · BM + 499
10–18 17,5 · BM + 651 12,2 · BM + 746

18–40
1,0 ·BM · 24

15,5 · BM + 679
0,9 · BM · 24

14,7 · BM+ 496
40–60 11,6 · BM + 879 8,7 · BM + 829

Over 60 13,5 · BM + 487 10,5 · BM + 596

93



Calculation of due values of basal metabolism by tables and formulas (continued)         Work 33.4

One  of  the  most  widely  used
methods  of  evaluating  basal
metabolism  is  the  method  for
evaluating basal metabolism by tables
of  Harris–Benedict.  There  are  two
types  of  tables  —  for  men  and  for
women.  Each  of  them  contains  
2 tables, A and B. From the first table
number A is found, it depends on body
mass; and from the second — number
B  depending  on  height  and  age.  
The  sum  of  these  numbers  (A+B)
gives the value of due BM.

One  more  widely  used  method
of  evaluating  due  BM  is  Dubois’s
method. It is based on the law of body
surface  according  to  which  energy
expenses of a warm-blooded organism
are  proportional  to  the  area  of  body
surface.  It  is  established  that  heat
production per 1 m2 of the human body
surface  depends  on  age  and  sex.  To
calculate  due  BM,  the  value  of  heat
production  in  kcal/m2 found  in  table
33.2 should be multiplied by the area
of  body  surface  (in  m2)  and  by  
24  hours.  The  body  surface  area  is
found by the nomogram depending on
body mass and height. The difference
between  factors  of  proper  basal
metabolism  calculated  by  different
methods does not usually exceed 10 %.

Table 33.2
Expenditures for basal metabolism of healthy 

people depending on age and sex

Age, years Men, кkcal/m2 hour Women, kcal/m2hour
14–16 46,0 43,0
16–18 43,0 40,0
18–20 41,0 38,0
20–30 39,5 37,0
30–40 39,5 36,5
40–50 38,5 36,0

(E.  F.  DuBois.  Basal  Metabolism  in  Health  ad  Disease.  3nd.  ed.
Philadelphia: Lea and Febiger, 1936. 151 p.)

Directions for recording the protocol:
1. Calculate your own due BM by several methods — by formulas,

by tables of Harris-Benedict and by body surface area.
2. Compare  the  obtained  results.  The  most  precise  method  is  

the  method  using  tables  of  Harris-Benedict  and  method  of  Dubois.  
The results obtained by these two methods usually differ insignificantly
(as a rule no more than 50–150 kcal). 

PROTOCOL

1. Sex ___ (m/f); height ____ сm; BM = ____ kg; age _____ years.

2. Due BM = 1,0 (0,9)*BM*24 = ____________ = _____ kcal/day,

Due BM = ______ (from the table 33.2) = _____________ kcal/day,

Body surface area on the nomogram = _________ m2,
Due BM= Еkcal/m

2
hour  Sм2  24hour = __________________ kcal/24 hrs

(by Dubois) 
Due BM = А + B = _____________________________ kcal/24 hrs.

(by tables of Harris-Benedict)
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Evaluation of body mass (BM)         Work 33.5

BM is an important factor of human physical development during
all  age  periods.  To sustain  stable  BM  in  a  healthy  adult  the  energy
income to the organism must be equal to its expenditures. BM increase is
one  of  basic  risk  factors  of  health  impairment  and  development  of
cardiovascular, endocrine and oncological diseases. Its decrease is also 
a  risk factor  of  health  impairment,  and sometimes  is  a  symptom of  
the disease already present.

It  is  recommended  to  periodically  control  BM.  In  case  of  its
increase  or  decrease  in  a  healthy  person  one  should  introduce  
an  appropriate  correction  to  the  amount  of  calories  brought  to  
the  organism  with  food  and  modify  physical  activity.  Inconsiderable
fluctuations of body mass reflect basically changes of water balance.

Materials and equipment: scales, a height meter.
Accomplishment. Evaluate body mass.
Compare the values of found BM and calculated due BM (DBM).

DBM depends on the height,  sex,  age,  type  of constitution  and some
other  factors.  There are  many methods  to determine  DBM: formulas,
nomograms,  tables,  etc.  The  simplest  method  of  evaluating  DBM  is
associated with its calculation by the formula of Brocka-Brugsh (1):

DBM = height (cm) – 100 (in height  165 cm);
DBM = height (cm) – 105 (in height 166–175 cm);
DBM = height (cm) – 110 (in height > 175 cm).
Formulas  for  calculating  DBM depending on height  and sex of  

a person (2):
DBM (for men) = 48 + (height (cm) – 152)  1.1 kg/cm;
DBM (for women) = 48 + (height (cm) – 152)  0.9 kg/cm.

In asthenic type of constitution DBM may be decreased by 10 %,
in  hypersthenic constitution — it may be increased by 10 %. After 30
and  50  years  DBM  may  be  increased  by  3–13  %  versus  DBM  at  
20 years.

Both increased and decreased DBM is a risk factor for health.
Increase of BM of a person versus DBM:
– by 15–29 % — evidences obesity of the I degree;
– by 30–49 % — evidences obesity of the II degree;
– by 50–100 % — evidences obesity of the III degree;
– over 100 % — evidences obesity of the IV degree.
Decrease of BM of a person versus DBM:
– by 10–20 % — may present a light degree, 
– by 21–30 % — a moderate degree, and
– by  31–40  %  —  a  severe  degree  of  protein-energetic

insufficiency of the diet; 
– over 40 % — shows the presence of cachexia (exhaustion).

Body mass index (BMI) is calculated by the formula:

BMI = BMkg / (heightm)2.

On the basis  of  body mass  index the risk degree of  developing
some diseases can be evaluated.
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Evaluation of body mass (BM) (continued)         Work 33.5

Table 33.3
Body mass, BODY MASS INDEX and risk of health impairment

Hypotrophy 
(decreased BM)

Normal BM
Obesity 

(increased BM)
BMI < 18,5 18,5–25,0 > 25,0

Risk of the 
disease

Anemias; deterioration of 
immunity and increased 
incidence of infectious 
diseases of the lungs, 
urinary tract, etc; 
osteoporosis, cachexia

Minimum Obesity, diabetes 
mellitus, 
atherosclerosis, arterial
hypertension and etc.

General 
recommen-
dations

To modify dietary regimen
and physical activity in 
such a way that energy 
income with food 
exceeded its expenditure

To keep to 
the present 
dietary 
regimen and 
physical 
activity

To modify dietary 
regimen and physical 
activity so that energy 
income with food was 
less than its 
expenditure

Assessment of body fat spend according to table. 33.4.
Table 33.4

The fat content in healthy people (% of body weight) of different age and sex

Sex
Age

18–39 years 40–59 years over 60 years
Men 8–20 % 12–22 % 13–25 %
Women 21–33 % 23–34 % 24–36 %

Directions to registration Protocol:
1. Specify your actual (measured) BM.
2. Calculate your DBM и BMI.
3. Would appreciate your BM, build schedule, reflecting changes in the BM, and

answer the questions available in the Protocol.
4. Evaluate the fat content in the body of a subject.

ПРОТОКОЛ

1. BM = _______ kg. Growth _____ sm, ______ m. Sex _____ (m/w).
2. DBM on Broca = _______ kg. 
DBM (gender and growth) _______ kg. BMI = ________.

Conclusion: BM ____________________________________
(norm, less, more)

Figure. Dynamics of change of body weight (filled by yourself)

+ 1,0
+0,5

Исходная
(_________)

-0,5
-1,0

Исходная
на занятии

1 2 3 4 5 6 7 8
неделя
я

неделя
я

неделя
я

неделя
я

неделя
я

неделя
я

неделя
я

неделя
я

·

3. How to change BM (remain stable, ↑ or ↓) person if: it corresponds
to the DBM _____________________________; enhanced, (> DBM)
____________________; reduced (< DBM) ____________________

4. Conclusion: the fat content of a subject have _______________ %
match (yes/no) norm.
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THERMOREGULATION Lesson 34

Date: ____________ 20____

1. The  role  of  temperature  for  the  maintenance  of  metabolism  and  the  life
processes of the organism. Thermal homeostasis.

2. Parts of homeothermic organism (shell, core) and their temperature. Diurnal
variation of human body temperature.

3. Thermoreception. Peripheral and deep cold and warm thermoreceptors.
4. Thermoregulation:  concept,  types.  Center  of  thermoregulation:  topography,

structure, role in regulating body temperature.
5. Characteristics of chemical thermoregulation. The mechanisms of contractile

and non-contractile thermogenesis.
6. Characteristics  of  physical  thermoregulation.  Physical  pathway  of  heat

transfer  (heat  conduction,  heat  radiation,  evaporation).  Physiological  mechanisms  of
heat transfer (vascular reactions, changes in the quantity of circulating blood, sweating,
breathing, pilomotor reflex, posture).

7. The role of behavioral reactions in the regulation of body temperature.
8. The  role  of  hormones  and  physiologically  active  substances  in

thermoregulation.
9. Change of thermoregulation in conditions of cold and hot climates.

LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by

V. M. Moroz,  O.  A.  Shandra.  2nd ed.  Vinnytsia  :  Nova
Knyha, 2016. P. 574–586.

Additional
1. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –  For

English  Groups  –  Normal  Physiology  –  For  Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту  (at  the  right  bottom)  –
Дистанционное  обучение  (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and  Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F.  Ganong. 23th  ed.  McGraw-Hill  Companies,  Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Study computer program “Lesson 34”    
Work 34.1
(Internet Explorer  Pharm program  Study computer program  Lesson 34)
Work procedure. The student independently loads the program “Lesson 34” and examines in detail the presentation of the course material.

Control computer program “Pharm faculty Lesson 34”
        Work 34.2

(Testing  Test for independent control  Pharm faculty Lesson 34)
Work procedure. The student independently loads the program “Pharm faculty Lesson 34” and then answers the questions.
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PROTOCOL: 1. Score for the formulation of the protocol ________. 2. Score for the test _________. 3. Score for the lesson __________.
Basic terms and concepts         Work 34.3

Thermal homeostasis is _______________________________________ Thermoregulation is _________________________________________

Core (nucleus) of body — _____________________________________
__________________________________________________________
____________________________________________.  The temperature
of the body core is stable and maintained in the range ____–____ оС in
the internal organs and ____–____ оС in the axilla

Shell of the body is __________________________________________
__________________________________________________________.
Shell temperature changes from _____ to _____  оС and depends on:  
1)  ___________________________;  2)  ________________________;
3) ____________________________

Homeothermy is ____________________________________________ Poikilothermy is ____________________________________________

Types of thermoregulation: 1) __________________ (regulation of heat
production processes); 2) __________________ (heat transfer processes)

According to sensitivity to temperature,  thermoreceptors distinguished
are: 1) ____________, located mainly in _________; 2) ____________,
mainly in __________________

The level of heat is controlled by ____________________ the regions of
the  hypothalamus through _____________ and _____________  nerves
and hormones _______________ and ____________________

Contractile thermogenesis is ___________________________________

Non-contractile thermogenesis is _______________________________ Contractile thermogenesis is regulated by __________________ nervous
system, while non-contractile — __________________ nervous system,
its _________________________ region 

Heat  dissipation  of  the  body  is  determined  by  two  main  factors:  
1)  _______________________________________________________;
2) ______________________________________________

Physical pathways of the heat transfer from the skin, their contribution at
20 ° C and relative humidity of 40–60 %: 
1) __________________________; 2) __________________________;
3) __________________________; 4) ___________________________
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Measurement of body temperature in the axilla
        Work 34.4

Body temperature — an important indicator of the state of human
health. Normal temperature (measured in the armpit) of adult in a state
of physiological rest (but not sleep) is considered from 36 to 36.9 ° C.
During the day the temperature ranges from a few tenths up to 1.5 ° C.
The lowest temperature is observed in healthy person during sleep from
3 to 5 o’clock in the morning (on the average 35.5–36.0 ° C) and during
wakefullness at 6–8 hours (36.1–36.5 ° C) and highest — in the evening
from 18 to 22 hours (average of 36.5–36.9 ° C). That is why temperature
is measured twice per day. 

Normal body temperature (isothermia) as measured in the armpit is
36 ± 0.9 ° C (from 35.1 to 36.9 ° C). The temperature of 37 ° C and
above is considered as an increase (hyperthermia) and 35 ° C and below
as subnormal (hypothermia). When measured in other areas (the rectum
and so on), its normal value shifts to a higher level by 0.5 ° C i.e. from
35.6 ° C (during sleep) to 37.4 ° C (during wakefulness).

Increased body temperature in a state of physiological rest is one
of the most frequent manifestations of disease states, as a result of which
its  measurement  is  mandatory  for  both  inpatient and outpatient
examination. Temperature is measured with the aid of contact (mercury,
alcohol,  electrical  thermometers) or remote (thermal imager) methods.
The most widespread method of temperature measurement is by using
maximum mercury thermometers.

Materials  and  equipment: maximum  mercury  thermometer,
stopwatch, 70 % alcohol, cotton wool. 

The maximum mercury thermometer (thermometer) has a scale of
34–35 ° C to 42 ° C in a graduated 0.1 ° C. Thermometer is designed so
that  the  height  of  the  mercury  column,  reaching  a  certain  level  in  
the  measurement,  continue  to  remain  at  that  point,  and  by  
the  thermometer  cooling.  This  is  achieved  by  the  fact  that  at  
the beginning of the capillary of the thermometer has a constriction that
prevents  the  fall  of  mercury.  The mercury  column decreases  only  by
shaking the thermometer. 

Work  procedure. Shake  the  thermometer  and  make  sure  
the mercury is in the reservoir. Clean the thermometer with spirit. Place
the thermometer (reservoir end with mercury) in the armpit and gently
press it onto the shoulder so that the reservoir side of mercury was in  
a dense surrounding (“sheath”) of tissue. Skin of the axilla must be dry,
because when skin is  wet,  the thermometer shows a lower temperature
reading. Keep the thermometer in the armpit for 12–16 minutes. Every 
2  minutes,  check  the  thermometer  reading.  During  the  temperature
measurement,  the  person  should  be  sitting  or  lying  in  a  state  of
wakefulness and complete rest.
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Measurement of body temperature in the axilla (continuation)      
Work 34.4

Errors in the measurement of body temperature are observed in  
the  following  cases:  1)  the  thermometer  must  not  be  pressed  firmly
against the shoulder to the body (of course, in this case the thermometer
will  indicate  the  temperature  below  the  real  value);  2)  inadequate
shaking of the thermometer  before measuring;  3) a close location of  
the thermometer with a heat-generating equipment (subject leans against
a  hot  radiator,  warm  warm  water  bottle  under  the  shoulders  of  
the  patient,  etc.);  4)  artificially  induced  elevation  of  mercury  in  
a  thermometer  (for suspected  simulation,  it  is  necessary to check the
body temperature in the presence of a doctor or a nurse). 

Instructions on the formulation of the protocol: 
1. The  thermometer  reading  during  the  thermometry  and  put  

the received data in the chart.
2. Evaluate the results and draw a conclusion about the necessary

duration  of  the  measurement  of  axillary  temperature  by  mercury
thermometer.

PROTOCOL

1. Thermometer readings during temperature measurement after 2  min
______ °С, 4 min ______ °С, 6 min ______ °С, 8 min ______ °С, 
10 min ______ °С, 12 min ______ °С, 14 min ______ °С.

2. Conclusion:  the subject’s body temperature measured in the armpit
___________________________,  duration of its measurement must be
at least ________________________ min (normal, increased, reduced) 
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Determination of thermosensitivity of the teeth
        Work 34.5

Determination of the reaction of tooth to temperature stimuli  —
one of the oldest physical methods, widely used by dentists to determine
the status of the pulp. The stimulus used is ether, but more often, cold or
hot water is a strong irritant due to the higher heat capacity. 

The simplest method is the irrigation of teeth from the syringe with
water. However, it is sometimes difficult to determine which tooth reacts
to the stimulus. In such cases, a cotton swab soaked with cold or warm
water is introduced into a cavity, or applied to the tooth surface. 

Studying  the  pulp  reaction  to  stimuli  showed that  a  tooth  with
normal pulp reacts to significant temperature deviations. The indifferent
zone (zone with absence of reaction) for incisors is 30 °C (50–52 °C —
reaction to warm, 17–22 °C — cold).

Materials and equipment: 2 glasses, a bowl of cold water, a bowl
of hot water, electric thermometer, cotton wool.

Work  procedure. Prepare  solutions  of  water  at  different
temperatures: 16, 20, 25, 30, 35, 40, 45 and 50 °C by controlling it with
electric  thermometer.  Immediately  following  the  preparation  of  the
solution of a given temperature, moisten a cotton swab and apply to the
surface of the incisors. Notice the reaction of the subject.

Evaluation of the results.  Indifferent zone of incisors is 30 °C
(from 17–22  to 50–52 °C),  beyond which  pain may occur.  Teeth have
both cold and heat sensitivity. Adequate response threshold (if heating
(above  50  °C)  and  cooling  (below  20  °C)  cause  the  pain  sensation)
indicates the normal state of the pulp. Inflammation of the pulp leads to
narrowing  of  the  indifferent  zones  and  at  minor  deviations  of  body
temperature (by 5–7 °C), response in the form of prolonged intense or
aching pain will be observed. Teeth with necrotic pulp do not react to
temperature stimuli. 

Instructions on the formulation of the protocol: 
1. Indicate the values of the cold and the heat sensitivity of the

incisors in the subject and calculate the value of the indifferent zone.
2. Evaluate the result by comparing it with the normal values.

PROTOCOL

The temperature sensitivity thresholds if the incisors in the subject
are:  ________ °C on cold and _______ °C on heat.  The value of the
indifferent zone is ________ °C.

Conclusion:  temperature  sensitivity  thresholds  incisors  in  the
subject  ____________________  (normal/changed),  state  of  the  pulp
__________________________ (normal/there is inflammation)
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Functional system thermoregulation         Work 34.6

Figure 34.1. Scheme of
functional system supporting
the optimal temperature for 
the metabolism of the body
(according to K. V. Sudakov

with additions).

Instructions for completing fig.
34.1.
1. Write  down  the  name  of
executive  organs  and  specific
parameters whose changes can
regulate body temperature. 
2. Spell out the abbreviations:

_______________________;

_______________________;

_______________________;

_______________________;

_______________________;

_______________________
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EXCRETION. STRUCTURE AND FUNCTION OF THE URINARY SYSTEM. 
REGULATION OF FUNCTION OF KIDNEYS AND URINARY BLADDER

Lesson 35

Date: ____________ 20____

1. Overview of the excretory system. The excretory function of the kidneys, skin, lung,
digestive system.

2. Kidneys:  topography,  structure,  functions.  Features  regional  blood  flow  in  the
kidney.

3. Nephron  –  structural-functional  unit  of  the  kidney.  Cortical  and  juxtamedullary
nephrons. Renal corpuscle. 

4. Urine formation:  modern theory.  The main stages of urine formation. Glomerular
ultrafiltration. Effective filtration pressure. The quantity and composition of primary urine.

5. Tubular  reabsorption:  its  mechanisms,  and  features  in  the  proximal  and  distal
tubules. 

6. The mechanism of counter current concentration system of the nephron. Changes in
osmotic pressure of urine as it passes along the nephron.

7. Threshold and non-threshold substances. The concept of renal clearance.
8. Tubular secretion.  The  physiological  essence  of  the  processes  of  secretion  and

excretion in the renal tubules. 
9. Endocrine,  metabolic,  homeostasis functions  of  the  kidneys.  Role of  kidneys  in

excretion of drugs, dyes, and diagnostic agents.
10. Micturition. The notion about the topography, the structure of the ureters, bladder,

and urethra. Features of the urethra in women and men. Urination.  
11. The final urine, its composition and quantity. The concept of diuresis.
12. Nervous and humoral regulation of the formation and excretion of urine.

LITERATURE 

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ;

ed.  by  V.  M.  Moroz,  O.  A.  Shandra.  2nd  ed.  
Vinnytsia : Nova Knyha, 2016. P. 587–634.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) –

For English Groups – Normal Physiology – For
Pharmacy Students.

2. www.bsmu.by – Cтуденту (at the right bottom) –
Дистанционное обучение (http://etest.bsmu.by/)
– Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Study computer program “Lesson 35”      
Work 35.1
(Internet Explorer  Pharm program  Study program  Lesson 35)
Work procedure. The student independently loads the program “Lesson 35” and examines in detail the presentation of the course material.

Control computer program “Pharm faculty Lesson 35”
        Work 35.2
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(Testing  Tests for independent control  Pharm faculty Lesson 35)
Work procedure. The student independently loads the program “Pharm faculty Lesson 35” and then answers the questions.
PROTOCOL: 1. Score for the formulation of the protocol _________. 2. Score for the tests __________. 3. Score for the lesson __________.

Basic terms and concepts         Work 35.3

Excretion is ____________________________________________________ Excretory system is _______________________________________________

Main organ of removal of:  heat energy — _______________;  bile acids and
bilirubin — __________; СО2 — __________; nitrogen compounds (urea, uric
acid, creatinine), most minerals, water and other substances — _________

Kidneys — _____________, _______________ organ weighing about ____ g
______________ in shape, located in _________________ space. Structural-
functional unit of the kidney — _______________________. Among them are:
1) ___________________________; 2) __________________________

Functions of the  kidneys: 1) __________________; 2) __________________
(maintenance of рН, ); 3) ________________ (erythropoietin, renin, calcitriol);
4) ____________________ (глюкоза)

Structure of the nephron: 1) _____________________________; 
2) _____________________________; 3) _____________________________;
4) ___________________________; 5) __________________________ 

Features renal blood flow: 1) __________________; 2) _________________;
3) _____________________________; 4) ____________________________

Three processes, ensuring the formation of urine: 1) _____________________;
2) ______________________; 3) ___________________

Filtration in the glomerulus is _______________________________________ GFR (___________________________) is ___________________________

__________________________. GFR per in males ____ L in females ____ L

Glomerular filtration consists of three elements: 1) ______________________;
2) __________________________; 3) ___________________________

Formula for calculation FP: FP = __________________ = _____________ =
_______ mmHg; where FP — filtration pressure

Reabsorption (reuptake) is _____________________________________ Non-threshold substances are _______________________________________

_____________. Examples of these substances: 1) __________, 2) _________

Threshold substance is ____________________________________________ Examples Substances reabsorbed above 99 %: 1) _________; 2) __________;
3) _________; 4) __________; 5) __________; by 50 %: _________; by 0 %:
1) _________; 2) __________

The two importance  of the term  “secretion” to describe the work of the
kidneys: 1) secretion is ____________________________________________;
2) secretion —

Final urine: volume — ____–____ L/day; day: night diuresis from ___ : ___ to
___  :  ___  рН =  ___–___;  transparency —  _________________;  color  —
__________________; protein — _____ (up to 100 mg); glucose — _____ (up
to 130 mg); urea — ___–___ g/day
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Physiological evaluation of the results of general analysis of urine
        Work 35.4

Studying the urine provides information on the state and function
of not only the kidneys and urinary system, but also gives an indication
of the processes (normal and pathological) in other organs (liver, heart).
Therefore,  it constitutes part of the general examination of each newly
arriving patient for treatment. 

Urinalysis covers all the most important components of the urine,
and includes the study of: 

1) the general physicochemical properties of urine (color,  odor,
volume, pH, density, qualitative reaction to glucose and protein); 

2) microscopy  of  urine  sediment  (erythrocytes,  leukocytes,
epithelial cells, casts, bacteria, salt).

Collecting urine for the study should be carried out in a clean, dry
bowl, after careful toilet of the perineum and external genitalia. The first
few milliliters of urine are poured into the toilet to remove desquamated
(Latin  desquamo  —  remove  the  scales,  desquamation)  cells  from  
the urethra. Do not carry out the analysis of urine during menstruation.
The  study  is  conducted  with  the  first  morning  urine  sample,  which
excludes the effects of stress, nutrition, stimulating factors. 

Prolonged  standing  of  urine  leads  to  change  in  its  physical
properties,  and  the  destruction  of  cellular  elements,  bacteria
reproduction. To prevent these processes,  urine is best kept: 1) toluene,
xylene, which is poured on the bottom of the vessel, based on the level
of filling of container with urine, preservative is located on the surface of
the liquid; 2) chloroform water (5–7.5 mL of chloroform per 1 liter of
water) at a calculation of 20–30 ml per 1 liter of urine; 3) 1.8 g boric
acid per 100 ml of urine, 4) 1 g of thymol (few crystals) in 1 liter of
urine.

The use of preservatives can change the properties of the urine, and
reflect  on  different  reactions.  Thus,  chloroform  interferes  with  
the study of the precipitate and impairs glucose determination. Thymol in
the  said  dose  may  prevent  annular  reaction  reaction  to  protein  and
response to indican. The use of boric acid has effect on the determination
of  glucose.  Therefore,  the  use  of  preservatives  should  be  stated  in  
the  accompanying  note  to  the  urine  samples.  Given the  above,  urine
studies are usually carried out within 1–1.5 hours after its release. 

Work procedure. Demonstration of the conduction of work on  
the urine analyzer “Clinitek” or carrying out work using test strips (firms
“Bayer”, “Lachema” etc.). 

Urinalysis  involves  determination  of  its  color;  transparency;
reaction  (pH);  relative  density  (SG);  presence  and  degree  of
concentration  of  protein  and  glucose;  count  of  erythrocytes  and
leukocytes;  count of epithelial  cells  of the urinary tract and the casts;
salts and identification of bacteria. 

The  urine  of  a  healthy  person does  not  have  (not  detected  by  
the  analyzer  “Clinitek”):  acetone,  ketones,  bilirubin,  occult  blood,
glucose,  white blood cells,  protein (sometimes there may be traces of
protein). 

Instructions on the formulation of the protocol: 
1. Enter  the  parameters  of  the  urinalysis,  determined  by  

the analyzer “Clinitek” in the table of the protocol.
2. Evaluate the result by comparing it with the normal values.
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Physiological estimation of the results of general analysis of urine (continuation)
        Work 35.4

Indicator test strips of the firm“Lachema”

Remove the test strip from the tube; take a plastic cup and
serviette to the toilet. The test strip should be held in a couple of
minutes in the test liquid and wet with serviette, then in the study
laboratory  attach  the  test  strip  to  the  tube  under  
the  corresponding  indicator  and  the  color  and  write  down  

PROTOCOL

Parameters of the results of urinalysis on the instrument “Clinitek”

Parameter

Abbreviation
printed on

the
instrument

Unit of
measuremen

t

Value of the
indicator in
the analysis

of urine

Normal values in a
healthy person

Color Color Yellow 
рH Ph 4.5–8.0
Specific 
gravity

SG kg/l 1,010–1,025

Glucose GLU
mmol/l
(mg/dl)

None, not identified 
by this method

Protein 
PRO

(protein)
g/l (mg/dl) No traces

Ketone body KET
mmol/l
(mg/dl)

None, not be 
detected by this 
method

BIL micromol/l None 

UBG
micromol/l
(E.U./dl)

3,2 micromol/l
(0,2 E.U./dl)

Leucocytes LEU  cel/mсl
None (0–4 cel/mсl), 
not be detected by 
this method

Occult blood BLO Not

Conclusion. Parameters of urinalysis in the subject _______________________
(normal, detected changes in indicators (specify which one))
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the received result in a table

Kidneys: topography, structure, functions         Work 35.5

Answer Key: a. Kidney, b. Ureter, c. Urinary bladder, d. Urethra, 
e. Renal artery

Functions of the kidney:
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Kidneys: topography, structure, function (continuation)         Work 35.5

Answers.  Renal  arteries,  b.  Hilum,  c.  Renal
veins,  d.  Renal  pelvis,  e.  Ureter,  f.  Renal
capsule,  g.  Major  calyx,  h.  Renal  sinus,  i.
Renal  cortex, j.  Renal  pyramid  (in  the renal
medulla),  k.  Papilla,  l.  Renal  column,  m.
Minor calyx, n. Artery, o. Interlobar artery, p.
Interlobular artery, q. Arcuate artery

Answers: a. Glomerulus, b. distal convoluted tubule,
c. Proximal convoluted tubule, d. cortex, e. Medulla,
f. Arcuate vein, g. Arcuate artery, h. loop of Henle, 
i. Nephron, j. Collecting ducts, k. Afferent arterioles,
l. efferent arterioles, m. Bowman’s capsule.
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FINAL “PHYSIOLOGY OF DIGESTION. METABOLISM AND ENERGY, NUTRITION. 
THERMOREGULATION. PHYSIOLOGY OF EXCRETION. FINAL SUMMING UP

Lesson 36

Date: ____________ 20____

Questions to prepare for the final lesson:
1. General characteristics of the digestive system: importance; organs, notion of their topography and the general plan of structure; function. 
2. General understanding about the innervation, blood and lymph circulation of the digestive system. 
3. The secretory function. The digestive gland, secretion types. General understanding about digestive juices. Gastrointestinal hormones and their

functions.
4. Motor function.  The notion about neural and humoral regulation of motility of the digestive tract. The role of adreno-, cholino-, serotonino-,

histamino- and purinergic mediation. 
5. Absorptive function. The notion about the gradient of absorption of the hydrolysis products of proteins, fats, carbohydrates, water and mineral

salts in the digestive tract. 
6. Excretory function. Its value for the organism. Isolation of excretory substances in different parts of the digestive system.
7. Digestion in the mouth. The notion about the topography and the structure of the oral cavity, the mechanical and chemical processing of food in

the mouth. Mechanisms of regulation of the secretion of saliva and chewing.  
8. Swallowing. The notion about the morphological and functional features of the pharynx and esophagus.
9. Digestion in the stomach. The notion about the topography, macro- and micro-structure of the stomach, its glands. 
10. Composition and properties of gastric juice. Phases of gastric secretion. Mechanisms of regulation of gastric secretion and motility.
11. Small intestine: an idea of its topography, divisions, structure, characteristics of blood and lymph circulation, innervation.
12. Digestion in the 12-duodenum. 
13. Pancreas: function; view of its topography and structure. Composition and properties of pancreatic juice. Regulation of pancreatic secretion.
14. Liver: topography, macro-and microstructures, functions, features of circulation. 
15. Composition, properties and functions of bile. Regulation of bile formation, release it in 12-duodenum.
16. Cavernous and membrane hydrolysis of nutrients in the small intestine. Motor activity of small intestine and its regulation.
17. Large intestine: topography, building departments, blood and lymph circulation and innervation.
18. Digestion in the large intestine. Motor activity of the large intestine and its regulation. Defecation.
19. Microflora of large intestine. 
20. The absorption of substances in different parts of the digestive tract. Types and mechanisms of absorption.
21. Metabolism. Essential substances.
22. Characteristic processes of anabolism (assimilation) and catabolism (dissimulation), their relationship.
23. The concept of normal nutritional needs. Nutrients and xenobiotic, their role in the body.
24. Plastic and energy role of proteins, fats and carbohydrates. Nitrogen balance.
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25. The energy balance of the body. Work balance. Energy consumption for different types of work.
26. Basal metabolic rate, its value, its determining factors. The value study of basic metabolism.
27. Methods for determination of the прихода and расхода energy (direct and indirect calorimetry, calculation tables and formulas).
28. The mass of the body. The concept of normal body weight and its regulation. Excess (obesity) and inadequate (wasting) body weight. 
29. Water-salt metabolism. The need for water and minerals. The idea of regulation of water-salt metabolism.  
30. Vitamins. Types, the value in the life of the organism, need for vitamins.
31. Nutrition. Diet. 
32. The role of temperature for the maintenance of metabolism and the life processes of the organism. Thermal homeostasis.
33. Parts of homeothermic organism (shell, core) and their temperature. Diurnal variation of human body temperature.
34. Thermoreception. Peripheral and deep cold and warm thermoreceptors.
35. Thermoregulation: concept, types. Center of thermoregulation: topography, structure, role in regulating body temperature.
36. Characteristics of chemical thermoregulation. The mechanisms of contractile and non-contractile thermogenesis.
37. Characteristics of physical thermoregulation. Physical pathway of heat transfer (heat conduction, heat radiation, evaporation). Physiological

mechanisms of heat transfer (vascular reactions, changes in the quantity of circulating blood, sweating, breathing, pilomotor reflex, posture).
38. The role of behavioral reactions in the regulation of body temperature.
39. The role of hormones and physiologically active substances in thermoregulation.
40. Change of thermoregulation in conditions of cold and hot climates.
41. Overview of the excretory system. The excretory function of the kidneys, skin, lung, digestive system.
42. Kidneys: topography, structure, functions. Features regional blood flow in the kidney.
43. Nephron — structural-functional unit of the kidney. Cortical and juxtamedullary nephrons. Renal corpuscle. 
44. Urine formation: modern theory. The main stages of urine formation. Glomerular ultrafiltration. Effective filtration pressure. The quantity and

composition of primary urine.
45. Tubular reabsorption: its mechanisms, and features in the proximal and distal tubules. 
46. The mechanism of counter current concentration system of the nephron. Changes in osmotic pressure of urine as it passes along the nephron.
47. Threshold and non-threshold substances. The concept of renal clearance.
48. Tubular secretion. The physiological essence of the processes of secretion and excretion in the renal tubules. 
49. Endocrine, metabolic, homeostasis functions of the kidneys. Role of kidneys in excretion of drugs, dyes, and diagnostic agents.
50. Micturition. The notion about the topography, the structure of the ureters, bladder, and urethra. Features of the urethra in women and men.

Urination.  
51. The final urine, its composition and quantity. The concept of diuresis.
52. Nervous and humoral regulation of the formation and excretion of urine.
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LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed.

by V. M.  Moroz,  O.  A.  Shandra.  2nd ed.  Vinnytsia  :
Nova Knyha, 2016. P. 491–634.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For

English Groups – Normal Physiology – For Pharmacy
Students.

2. www.bsmu.by  –  Cтуденту (at  the  right  bottom)  –
Дистанционное обучение (http://etest.bsmu.by/)  –
Pharmacy – Anatomy and Physiology – Lesson.

3. Ganong, W.  F. Review  of  Medical  Physiology / 
W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc.,
2010.

4. Guyton, A.  C.  Textbook  of  Medical  Physiology / 
A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Instructions on the completion of the protocol:
Students sit for the final classes in the final form of a computer or written test (if

required in combination with an oral examination) with the mandatory rating score.
Computer testing is the first step, which involves for the completion of control work

in the computer class on the programme “Testing – Control testing – final pharm. Faculty”
General  Physiology  with  the  basics  of  human  morphology”.  Lesson  9.  Knowledge
assessment involves grading from 1 to 10 points on the following scale:

99–100 % — 8 points
91–98 % — 7 points
81–90 % — 6 points
76–80 % — 5 points
71–75 % — 4 points
61–70 % — 3 points
51–60 % — 2 points
41–50 % — 1 points
21–40 % — 0 points
0–20 % — 0 point 

Each student is required to calculate the rating of their academic performance, which
is taken into account when placing the final score. Rating is determined by the summation
of all scores obtained in each lesson and dividing this sum by the number of score.

PROTOCOL

Total number of questions _________. Number of correct answers _________. Score on testing _________. Rating ___________.

Final grade for the colloquium _________ points _________;

taking into account the rating, is calculated as follows: (score on rating + score on testing) ________ ________ + / 2 = ________ points.
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FINAL “PHYSIOLOGY AND MORPHOLOGY OF BLOOD”
FINAL “PHYSIOLOGY OF BLOOD CIRCULATION AND RESPIRATION”
FINAL “PHYSIOLOGY OF DIGESTION. METABOLISM AND ENERGY, NUTRITION. 
THERMOREGULATION. PHYSIOLOGY OF EXCRETION. FINAL SUMMING UP”

Lesson 37

Date: ____________ 20____

LITERATURE

The main
1. Lecture.
2. Moroz, V. M. Physiology : Textbook / V. M. Moroz ; ed. by V. M. Moroz, O. A. Shandra. 2nd ed. Vinnytsia : Nova Knyha, 2016. P. 250–634.

Additional
1. www.bsmu.by – Cтуденту (at the right bottom) – For English Groups – Normal Physiology – For Farmacy Students.
2. www.bsmu.by – Cтуденту (at the right bottom) – Дистанционное обучение (http://etest.bsmu.by/) – Farmacy – Anatomy and Physiology – Lesson.
3. Ganong, W. F. Review of Medical Physiology / W. F. Ganong. 23th ed. McGraw-Hill Companies, Inc., 20102010.
4. Guyton, A. C. Textbook of Medical Physiology / A. C. Guyton, J. E. Hall. 12th ed. WB Saunders, 2005.

Controlling computer program «Фарм ф-т Занятие 37» 
The progress of the work. Student self-loads program «Фарм ф-т Занятие 37» and then answers questions.
Navigation (Тестирование  Контрольные тесты  Фарм ф-т Занятие 37).

PROTOCOL: 1. Evaluation of testing __________. 
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QUESTIONS FOR THE EXAM 
COURSE HUMAN ANATOMY AND PHYSIOLOGY 

1 course for students of the Faculty of Pharmacy

Section “GENERAL PHYSIOLOGY WITH THE BASICS OF HUMAN MORPHOLOGY. GENERAL PRINCIPLES OF REGULATION OF
FUNCTIONS”
1. Physiology and morphology as  science:  definition,  basic  concepts,  the importance  in  the  system of  medical  knowledge.  The importance  of

knowledge in Physiology with the basics of morphology for doctor-pharmacist. 
2. Stages of development of anatomy, physiology and histology (short history). The contribution of domestic scientists. 
3. The concept of anatomical,  physiological and histological methods of research.  Safety precautions when working at the Department of Normal

Physiology.
4. Leading patterns that characterize life (self-renewal, self-reproduction, self-regulation, metabolism)
5. The concept of somatic and autonomic functions. Levels of regulation: cellular, tissue, organ, organismal. 
6. Mechanisms  of  regulation  of  functions:  neural,  humoral,  myogenic.  The interaction  of  neural  and humoral  mechanisms  of  regulation,  their

comparative characteristics and unity. Types of regulation functions. 
7. The system principle of regulation of functions, concept of system (I. P. Pavlov). Functional system (P. K. Anokhin), principle of self-regulation
8. The concept of homeostasis and homeokinesis. 
9. The general concept of tissues. The cellular elements and non-cellular substance. Classification of tissues.
10. Connective tissues: concept, types, functions.
11. Bone tissue: cellular composition and extracellular matrix, role of calcium and phosphate ions. Classification of bones.
12. Regulation of calcium and phosphorous homeostasis in the body. Age and individual requirements of calcium, phosphate and fluorine.
13. The concept of the human skeleton. Parts of the skeleton. The concept of the skeleton of the shoulder and pelvic girdle, the skeleton of the upper

and lower extremities. Representation of the structure of the skull: bones, joints and basic openings.
14. The concept of the types and forms of bone. Types of joints, their structure, classification, functions.
15. Excitable cells: their types, properties. The concept of irritability, excitability and excitation, irritation thresholds, dependency of the response time

on the strength and the stimulus, chronaxie, lability, adaptation and accommodation. 
16. The laws of response of excitable cells to the action of stimuli. The concept of parabiosis (N. E. Vvedenskii).
17. Modern ideas about the nature of excitation. Bioelectrogenesis: resting potential, local response, action potential. Membrane-ionic theory of their

occurrences.
18. Changes in membrane excitability in different phases of a single cycle of excitation. Refractory.
19. Reception: definition. Biological significance. Receptor: definition, structure, types. Morphological feature of cellular and sensory receptors, and

their functions. 
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20. The concept of sensory receptors. General mechanisms of reception. Information coding in the receptors. The receptor and generator potential.
Adaptation of receptors.

21. General plan of structure of the nervous system: concept of central and peripheral parts of the somatic and autonomic divisions.  
22. The neural theory. Neuron — structural and functional unit of the nervous tissue: types, classification, structure. The variety of neuron functions. 
23. Glial cells: types, structure, functions. The concept of hematoliquor and the blood-brain barriers.
24. Liquor (cerebrospinal fluid,  CSF):  formation,  circulation,  outflow,  volume,  composition,  functions.  The concept  of  lumbar  puncture  and its

importance for diagnostics.
25. Nerve fibers: structure, types, classification, functions. Axonal transport of substances. The concept of nerve regeneration. 
26. The mechanism of excitation in myelinated and unmyelinated nerve fibers. The laws of conduction of excitation in the nerve fibers. The idea of the

principles of pharmacological regulation of excitation along the nerve (conduction block).
27. Synapse. Classification of synapses. The ultrastructure of synapses. Properties synapses. 
28. The mechanism of synaptic transmission in the electric synapse.
29. Mechanism of  transmission  of  information  in  a  chemical  synapse.  Mediators:  types;  mechanisms  of  exocytosis,  action  on  the  postsynaptic

membrane, inactivation. Mechanisms of EPSP and IPSP.
30. The concept of pharmacological regulation of synaptic transmission.
31. General plan of the structure of CNS: topography, main regions, gray and white matter.
32. Meninges and functions.
33. The ventricles of the brain, their relationship with each other and with the cavity of the spinocerebral canal.
34. Reflex.  Types  of reflexes.  Analysis  of the reflex arc:  the sensor (receptor),  afferent,  central,  efferent  part  of the target  organs.  The idea of  

the efferent part of autonomic and somatic reflexes. The concept of reverse afferentation its value.
35. Nerve centers.  Physiological properties of the nerve centers: fatigue, unilateral conduction of excitation, summation of excitation, low lability,

transformation of rhythm of excitation, high sensitivity to lack of oxygen and chemical substances.
36. The basic principles of coordination of nerve centers: principle of reciprocity, convergence, common final path, feedback, dominancy, switching

and induction.
37. Central inhibition: types, mechanisms, importance. 
38. The concept of neurotransmitter systems of the brain. 
39. Muscle tissue: types, structure, comparative characteristics.
40. Skeletal muscle. Classification of muscles. Muscle as an organ. Auxiliary unit of muscles.
41. The main functional groups of muscles of the human body:  muscles of the head,  neck,  back,  chest,  abdomen (diaphragm),  muscles of 

the shoulder girdle and upper limb, muscles of the pelvic girdle and lower limb.
42. The mechanism of contraction and relaxation of single muscle fibers and muscle. 
43. Types and modes of skeletal muscle contraction. Work and fatigue of muscle.
44. Smooth muscle tissue. Features of structure and function. The concept of myoepithelial cells. 
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45. Features of control of the functions of skeletal and smooth muscle, myoepithelial cells.
46. Epithelial tissue: types, structural features, functions. The basal and apical membrane of epithelial cells, their functions.
47. Surface epithelia: types, structure, functions.
48. The glandular epithelium. Glands of external and internal secretions. 
49. The concept of secretion, its products: secreta, excreta, increta. Types of secretions: proteinous, mucous, mixed, sebaceous.
50. Cellular mechanisms of secretion: secretory cycle, phase of secretion, types of secretions (apo-, mero-, holocrine).
51. Skin: structure and functions.
52. Derivatives of skin, their function.

Section “MORPHOLOGY AND PHYSIOLOGY OF THE NERVOUS AND ENDOCRINE SYSTEMS. REPRODUCTIVE SYSTEM”
1. Spinal cord: localization, structure, shell (оболочки), functions. Microstructure of a segment of the spinal cord, gray and white matter. The nerve

cells of the dorsal, ventral and lateral horns, their functions. The composition and functions of the anterior and posterior roots.  The concept of
spinal cord pathways.

2. Spinal reflexes, their types and value. The concept of motor units. The structure of the “arc” somatic reflex. 
3. The brain,  the main  structure.  The brain:  morphofunctional  organization,  vital  centers,  function.  The concept  of  the cranial  nerves:  number,

localization of nuclei, functions. 
4. Reticular formation: morphofunctional organization. Characteristics of ascending and descending influences the reticular formation. 
5. The cerebellum: morphofunctional organization. The role of the cerebellum in motor functions.
6. Diencephalon. Thalamus: morphofunctional organization (specific and nonspecific nuclei, their function).
7. Hypothalamus: morphofunctional organization; the main centers; connection with other divisions of the brain. 
8. Сerebrum. Сortex of cerebrum: basic gyrus and sulcus. Afferent, efferent, and associative field and their relationships.
9. Localization of function in cortex. The right and left hemisphere. The concept of cerebral asymmetry and dominance of the hemispheres. 
10. Limbic system: morphofunctional organization. The role of the limbic system in the formation of emotions, motivation, memory.
11. Basal nuclei and their functions.
12. The concept of systemic regulation of autonomic functions.
13. Morfophysiological characteristics of autonomous (vegetative) nervous system (ANS). Total overview of the structure of ANS. 
14. Autonomic reflexes. Structure of arc of vegetative reflex (involving the spinal cord, brain, ganglia). Autonomic reflex: afferent, central and efferent

links.
15. Topography of autonomic centers. The highest autonomic centers. The concept of visceral brain.
16. Peripheral division of autonomic nervous system. Microstructure of ganglia, pre-and postganglionic fibers. Transfer of excitation in ganglia, it

mechanism.
17. Mechanism of transfer of excitation with postganglionic fibers to the working organs. Neurotransmitters and receptors of effector cells.  
18. Structure and physiological features of the parasympathetic part of ANS. Physiological effects caused by excitation of n- and m-cholinoreceptors. 
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19. Structure and physiological features of the sympathetic part of the ANS. Physiological effects caused by excitation - and -adrenoreceptors.
20. Interaction sympathetic and parasympathetic periphery influences. 
21. The concept of how to regulation of functional activity of organs and tissues, innervated ANS.
22. Morphofunctional organization of the endocrine system. Central and peripheral organs of the endocrine system. The functions of the endocrine

glands, diffuse elements, intercellular communication methods involving chemical signals (paracrine, autocrine, endocrine and neuroendocrine).
23. Hormones: origin and chemical nature. Classification. Transportation forms, ways of metabolism, and excretion of inactivation of hormones.
24. Factors determining the concentration of hormones in the blood. Physiological rhythms of neuroendocrine secretion.
25. Mechanisms of action of hormones. Synergism and antagonism of hormones action on the target cell. 
26. Neural and humoral, direct and inverse (positive and negative) connection in the regulation of the activities of the endocrine glands. 
27. Evaluate methods the condition of functions of endocrine system in humans.
28. Hypothalamus, its hormones: releasing factors (liberens) and inhibiting hormones (statins), their biological effect. Vasopressin and oxytocin —

hormones hypothalamus, their biological effect. Pathways hypothalamic hormones in the pituitary gland (anterior and posterior pituitary).
29. Pituitary gland. The topography, structure, departments and their main hormones: tropic (TSH, ACTH, FSH and LH) and effector (GH, prolactin,

MSH, ADH and oxytocin). Relationship with the hypothalamus and the value in the regulation of peripheral endocrine glands. Regulation of
pituitary endocrine functions.

30. Pineal gland. Topography and microscopic structure. The endocrine function of the pineal gland and its regulation.
31. The thyroid gland. Topography, macro-and microscopic structure.  Thyroid hormones and their  biological  activity. Regulation of functions of

thyroid gland. Hyper-and hypothyroidism. Calcitonin.
32. Parathyroid gland. Topography, microscopic structure. Parathyroid hormone, its biological effects.
33. Adrenal  glands.  Topography,  macro-and  microscopic  structure.  The  cortical  and  medulla  hormones,  their  biological  effect.  The  concept  of

hypothalamic-pituitary-adrenal system. 
34. Stress: concept, types, phases, mechanisms. Adrenal glands function by stress.
35. Endocrine pancreas apparatus. Topography, microscopic structure. Hormones, their biological effect.
36. Physiological mechanisms of self-regulation of glucose in blood.
37. The  concept  of  diffuse  endocrine  system.  The  concept  endocrine  functions  of  the  liver  (somatomedin,  angiotensinogen,  trombocytopoetin,

1(ОН)D3), heart (atriopeptid), kidney (erythropoietin, calcitriol), GIT (gastrin, histamine, somatostatin, secretin), paraganglions (catecholamine’s).
38. Regulation of calcium and phosphate homeostasis in organism. The role of calcitonin, parathyroid hormone and calcitriol. 
39. The concept on the endocrine function of thymus.
40. Genotypic and phenotypic characteristic of sex. 
41. Male reproductive system. The concept of structure of male genital organs. Characteristic of functional activity of sperm.
42. The testicles. Topography, structure, functions. Androgens and their biological effect. Spermatogenesis, factors of regulation.
43. Female reproductive system. The concept of macro-and microscopic structure of external and internal genital organs. 
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44. The ovaries.  Topography,  structure,  functions.  Estrogens,  their  role  in  development  of  sexual  characteristics.  Oogenesis.  Phases  of  ovarian-
menstrual cycle. Corpus luteum hormones (progestins), their biological value.

45. Fertilization. Pregnancy, childbirth. The concept on the endocrine function of the placenta. Lactation: its mechanisms and ways of its regulation.
46. Changes in male and female organism at different stages of life: stage of puberty, stage of puberty and menopause.

Section “SENSORY SYSTEMS. HIGHER NERVOUS ACTIVITY OF HUMAN”
1. The General principles of the structure of sensory systems, their classification.
2. Visual system: structure, functions. Photochemical processes in the receptors of the retina. Theory of color perception.
3. The concept of research methods the visual system. Evaluatoin of visual acuity, visual field, color vision.
4. Acoustic system: structure, functions. Audiometry, tests of Weber and Rinne.
5. Vestibular system: structure, functions.
6. Olfactory and gustatory system: structure, functions. Classification of odors and taste sensations. Methods to evaluation the threshold of taste

sensations.
7. Nociceptive and antinociceptive systems: peculiarities of structure, functions. Pain: types, symptoms, value, neurotransmitters. Principles of pain

management.
8. Congenital  and  acquired  forms  of  behaviour:  types,  importance  for  adaptive  human  activity.  Modern  representations  about  mechanisms  of

formation of conditioned reflexes.
9. Higher nervous activity: definition, types (according to Hippocrates, I. P. Pavlov).
10. Motivation and emotions: types, mechanisms of formation, biological importance.
11. The first and second signal system. Speech: types, value, centres. Functional asymmetry of the Brain associated with the development of speech in

humans.
12. The idea of thinking, consciousness. Sleep: types, mechanisms, manifestations, and physiological significance.
13. Memory: concept, importance for life, the types, mechanisms, methods of determination. The role of attention in remembering and learning.  

The concept of the types of memory impairment.

Section “MORPHOLOGY AND PHYSIOLOGY OF THE BLOOD”
1. Characteristic of external and internal barriers. Blood tissues barriers, mechanisms for transport of substances and regulation of their permeability.
2. Liquid fluids: types of (intra-and extracellular / vascular, interstitial, transcellular/liquid); electrolyte composition. Water balance in the body.
3. Blood. General physico-chemical properties of blood: the quantity, composition and function.
4. Plasma: physico-chemical composition and functions. Mineral substances: plasma macro-and microelements.
5. Types and functions of plasma proteins (albumins, globulins, fibrinogen). The role of proteins in binding and transport of substances (including

medicinal). Functional significance of plasma enzymes: prothrombin, plasmin, renin.
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6. Low-molecular nitrogenous compounds (residual nitrogen). The breakdown products of hemoglobin (bilirubin). Nitrogen-free organic compounds:
carbohydrates, lipids, organic acids.

7. Plasma-substituting solutions. Hypo-, hyper-and isotonic solutions. Hemolysis and its types.
8. Osmotic and oncotic plasma pressure: function, mechanisms.
9. Acid-base equilibrium. Active reaction (pH) of blood, function. Regulation of blood pH. 
10. Functional system, supporting optimal for metabolism of blood pH.
11. Blood cells. Red blood cells: number, structure and function. Hemoglobin: number, its connections and types, chemical structure, functions.
12. Leukocytes:  the  number,  structure,  types,  functions.  Leukogram.  Physiologic  leukocytosis.  Leukocytes  in  specific  and  nonspecific  immune

responses. 
13. Platelets: number, structure and function. 
14. Total analysis of blood: their physiological assessment. 
15. Hemocytopoesis and immunogenesis organs (Central and peripheral): structure and function.
16. Hemocytopoesis (haematopoesis). Stem cell theory: their types, properties, and functions. Regulation of cellular composition of blood: stimulators

and inhibitors of eritrocytopoesis, leykocytopoesis, trombocytopoesis.
17. Essential nutrients, vitamins and minerals for Hemocytopoesis. 
18. Functional system that supports optimal number of blood cells for metabolic processes
19. Blood group (Systems: АВО, Rh, HLA). Methods for determination of blood group.
20. Physiological basis of blood transfusion.  
21. Effects of blood transfusion on incompatible: а) group system АВО, б) on the rhesus factor. Prevention of hemolytic disease of newborn.
22. The concept of blood products and blood substitutes.
23. The concept of the system of RASB (regulation of the aggregate state of blood): its components and features.
24. Artificial anticoagulants, fibrinolytic, and hemostatic drugs

Section “PHYSIOLOGY OF BLOOD CIRCULATION AND RESPIRATION”
Heart and hemodynamics and regulation.
1. General plan of structure of the cardiovascular system. Systemic and pulmonary circles of blood circulation, direction of movement of blood in

them. Value of blood circulation to the body. 
2. Heart:  topography,  macroscopic  structure,  especially  the  blood  supply  and  nutrition.  Microscopic  structure  of  endo-,  myo-and  epicardium.

Pericardium.
3. Hemodynamic cardiac function: main indicators.
4. The topography of the nodes and bundles of the conducting system of the heart. Ultrastructure of myocytes of heart conduction system.
5. Substrate and nature of automatism. Pejsmeker. Excitation of the heart. Atrioventricular delay. Gradient avtomatisity.
6. Ultrastructure of contractile cardiomyocytes. Types of contacts cardiomyocytes.
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7. Features of myocardial excitability and contractility. The ratio of excitement, excitability and contraction of myocardial cell.
8. Laws contraction of heart.
9. Cardiac cycle.
10. External signs of cardiac activity. The concept of methods of studying the heart: ECG, PCG, rheography, echocardiography (ultrasound). 
11. Methods of studying the electrical activity of the heart: electrocardiography.
12. Intracardiac  mechanisms of regulation  of  cardiac  activity:  hetero-  and homeomeometric  regulation  (Starling  law of the heart,  Anrep effect).

Intracardiac nervous system. 
13. Extracardiac mechanisms of nervous regulation of work of the heart. The autonomic innervation of the heart.
14. Characteristics and mechanism of effects of the sympathetic and parasympathetic nervous system on heart activity. M-cholinergic receptors and α-

and β-adrenergic receptors of the myocardium: the physiological effects of their excitation.
15. Extero- interoreceptive reflex effects on the heart. Intracardiac and intravascular receptive fields and their importance in the regulation of work of

the heart. Autonomic cardiac reflexes (Dagnini-Ashner, Goltz, Bainbridge).
16. Humoral regulation. Influence of electrolytes, hormones and other biologically active substances on the work of the heart.
17. The regulation of coronary blood flow. The role of metabolic products (lactic acid, ADP, adenosine) in the regulation of coronary blood flow.
18. Hemodynamics,  its laws.  Hydrodynamic  patterns  of  blood  flow through  the  vessels.  Factors  that  ensure  the  movement  of  blood  through  

the vessels, and its return to the heart.
19. The topography of vessels of minor and major circulation. Morphological and functional classification of vessels. 
20. The microstructure of the walls of arteries, arterioles, capillaries, veins. Venous valves, their functions. Arteriolo-venular anastomoses.
21. Blood pressure: types, changes along the course of the bloodstream. Factors determining arterial blood pressure value. The notion of “normal

value” of BP, age-related changes in blood pressure. Methods for measuring blood pressure.
22. Linear and volume blood flow in different parts of the vascular bed. Arterial pulse: sphygmography. Venous pulse. Central venous pressure.
23. Microcirculatory bed as structural and functional complex, its links.
24. Physiological  essence of microcirculation.  Osmotic,  oncotic  and hydrostatic  pressure in the capillaries and tissues. Mechanism transcapillary

exchange.
25. The structure of the lymphatic system: topography and structure of the lymph nodes and blood vessels. 
26. The functions of the lymphatic system. Lymph circulation. Lymph formation and composition of lymph. Regulation of lymph circulation.
27. Features of the blood supply to the brain, skeletal muscle, lung, kidney. 
28. Hemodynamics during exercise and hypokinesia.
29. The functional system, supporting optimal blood pressure for metabolism.
30. Vascular tone: definition, mechanisms of maintenance and regulation.
31. Reflex regulation of vascular tone.  Afferent and efferent (sympathetic) innervation of the vessels. Proper and conjugates, pressor and depressor

reflexes.
32. The structural organization of the vasomotor center: its afferent and efferent connections and functions. 
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33. Humoral  regulation.  Vasodilator  substances:  acetylcholine,  histamine,  kinins,  adenosine.  Vasoconstrictors:  catecholamines,  vasopressin,
angiotensin, serotonin.

34. Risk factors for cardiovascular disease.
35. Recommendations on healthy lifestyles for the conservation of the cardiovascular system and increase in its reserves.
Respiration
1. Structure of the respiratory system. Anatomy of pneumatic and gas exchange departments.
2. Topography and structure of the nose, larynx, trachea, bronchi. 
3. Inspiratory and expiratory muscles. 
4. Topography and structure of lungs. Structure of the pleura. Pleural cavity. The concept of blood circulation, lymph circulation and innervation of

the lungs. 
5. External respiration. Mechanism of inspiratory and expiratory. Negative pressure in the pleural cavity and its function; elastic properties of lungs;

surfactant, composition and function.
6. Alveolar ventilation. Lung volumes. Research methods of external respiration.
7. The drainage function of the upper respiratory tract; regulation of motor activity of ciliated epithelium.
8. Gas exchange in the lungs. Composition of inspired, alveolar and expired air.
9. Mechanism of gas exchange between alveolar air and blood. Air-blood barrier.
10. Transport of gases in blood. Gases of blood. The oxygen capacity of arterial and venous blood. Ways to transport oxygen and carbon dioxide:  

the role of erythrocytes and plasma. Gas exchange in tissues.
11. Functional system that supports optimal metabolism of blood gas composition. 
12. The respiratory center: its structure and topography. Automaticity of respiratory centre, its regulation of nervous and humoral factors. 
13. The nervous regulation of respiration. Receptors in the upper airways, bronchi, bronchioles, and the respiratory muscles.
14. Pulmonary stretch receptors: change of inspiratory and expiratory. The Hering-Breuer Reflex.
15. Topography of сentral and tissue (peripheral) chemoreceptors and their functions. 
16. The nervous regulation of the diameter of the bronchi and bronchioles. М-cholino- and α- and β-adreno receptors in the smooth muscles of  

the bronchi. 
17. Humoral regulation of respiration. Acidic metabolic products as adequate stimulus for chemoreceptors. Changing the mode of respiration during

shifts рН-blood.
18. An excess of carbon dioxide and lack of oxygen in the humoral regulation of breath. 
19. The mechanism of the first breath of a newborn. 

Section  “PHYSIOLOGY  OF DIGESTION.  METABOLISM  AND  ENERGY, NUTRITION.  THERMOREGULATION.  PHYSIOLOGY  
OF EXCRETION”
1. General characteristics of the digestive system: importance; organs, notion of their topography and the general plan of structure; function. 
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2. General understanding about the innervation, blood and lymph circulation of the digestive system. 
3. The secretory function. The digestive gland, secretion types. General understanding about digestive juices. Gastrointestinal hormones and their

functions.
4. Motor function. The notion about neural and humoral regulation of motility of the digestive tract. The role of adreno-, cholino-, serotonino-,

histamino- and purinergic mediation. 
5. Absorptive function. The notion about the gradient of absorption of the hydrolysis products of proteins, fats, carbohydrates, water and mineral salts

in the digestive tract. 
6. Excretory function. Its value for the organism. Isolation of excretory substances in different parts of the digestive system.
7. Digestion in the mouth. The notion about the topography and the structure of the oral cavity, the mechanical and chemical processing of food in 

the mouth. Mechanisms of regulation of the secretion of saliva and chewing. Sialometry.
8. Swallowing. The notion about the morphological and functional features of the pharynx and esophagus.
9. Digestion in the stomach. The notion about the topography, macro- and micro-structure of the stomach, its glands. 
10. Composition and properties of gastric juice. Phases of gastric secretion. Mechanisms of regulation of gastric secretion and motility.
11. Small intestine: an idea of its topography, divisions, structure, characteristics of blood and lymph circulation, innervation.
12. Digestion in the 12-duodenum. 
13. Pancreas: function; view of its topography and structure. Composition and properties of pancreatic juice. Regulation of pancreatic secretion.
14. Liver: topography, macro-and microstructures, functions, features of circulation. 
15. Composition, properties and functions of bile. Regulation of bile formation, release it in 12-duodenum.
16. Cavernous and membrane hydrolysis of nutrients in the small intestine. Motor activity of small intestine and its regulation.
17. Large intestine: topography, building departments, blood and lymph circulation and innervation.
18. Digestion in the large intestine. Motor activity of the large intestine and its regulation. Defecation.
19. Microflora of large intestine. 
20. The absorption of substances in different parts of the digestive tract. Types and mechanisms of absorption.
21. Metabolism. Essential substances.
22. Characteristic processes of anabolism (assimilation) and catabolism (dissimulation), their relationship.
23. The concept of normal nutritional needs. Nutrients and xenobiotic, their role in the body.
24. Plastic and energy role of proteins, fats and carbohydrates. Nitrogen balance.
25. The energy balance of the body. Work balance. Energy consumption for different types of work.
26. Basal metabolic rate, its value, its determining factors. The value study of basic metabolism.
27. Methods for determination of the прихода and расхода energy (direct and indirect calorimetry, calculation tables and formulas).
28. The mass of the body. The concept of normal body weight and its regulation. Excess (obesity) and inadequate (wasting) body weight. 
29. Water-salt metabolism. The need for water and minerals. The idea of regulation of water-salt metabolism.  
30. Vitamins. Types, the value in the life of the organism, need for vitamins.

121



31. Nutrition. Diet. 
32. The role of temperature for the maintenance of metabolism and the life processes of the organism. Thermal homeostasis.
33. Parts of homeothermic organism (shell, core) and their temperature. Diurnal variation of human body temperature.
34. Thermoreception. Peripheral and deep cold and warm thermoreceptors.
35. Thermoregulation: concept, types. Center of thermoregulation: topography, structure, role in regulating body temperature.
36. Characteristics of chemical thermoregulation. The mechanisms of contractile and non-contractile thermogenesis.
37. Characteristics  of  physical  thermoregulation.  Physical  pathway of  heat  transfer  (heat  conduction,  heat  radiation,  evaporation).  Physiological

mechanisms of heat transfer (vascular reactions, changes in the quantity of circulating blood, sweating, breathing, pilomotor reflex, posture).
38. Overview of the excretory system. The excretory function of the kidneys, skin, lung, digestive system.
39. Kidneys: topography, structure, functions. Features regional blood flow in the kidney.
40. Nephron – structural-functional unit of the kidney. Cortical and juxtamedullary nephrons. Renal corpuscle. 
41. Urine formation: modern theory. The main stages of urine formation. Glomerular ultrafiltration. Effective filtration pressure. The quantity and

composition of primary urine.
42. Tubular reabsorption: its mechanisms, and features in the proximal and distal tubules. 
43. The mechanism of counter current concentration system of the nephron. Changes in osmotic pressure of urine as it passes along the nephron.
44. Threshold and non-threshold substances. The concept of renal clearance.
45. Tubular secretion. The physiological essence of the processes of secretion and excretion in the renal tubules. 
46. Endocrine, metabolic, homeostasis functions of the kidneys. Role of kidneys in excretion of drugs, dyes, and diagnostic agents.
47. Micturition.  The notion about the topography, the structure of the ureters,  bladder, and urethra.  Features of the urethra in women and men.

Urination.  
48. The final urine, its composition and quantity. The concept of diuresis.
49. Nervous and humoral regulation of the formation and excretion of urine. 
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