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THEMATIC PLAN OF LECTURES  IN BIOCHEMISTRY

	№
	Theme of the lecture
	Hours

	1
	Metabolism of amino acids. General pathways of amino acid turnover. Metabolism of ammonia: urea synthesis and its disorders. Hereditary enzymopathias of distinct amino acids. 
	2

	2
	Biochemistry of hormones: molecular mechanisms of hormone action; pathology of endocrine action. 
	2

	3
	Functional role of water- and fat-soluble vitamins in metabolic pathways. 
	2

	4
	Biochemistry of blood. Coagulation and fibrinolytic systems. Pathobiochemistry of blood.
	2

	5
	Biochemical functions of liver. Biochemistry of jaundices; biotransformation of foreign substances in liver.
	2

	6
	Biochemistry of tooth. Amelogenesis
	2


THEMATIC PLAN

of practical lessons

	№
	Topics
	

	
	
	

	1
	Studies on amino acid metabolism (deamination, transamination, decarboxylation). Biogenic amines.
	2



	2
	Detoxification of ammonia and urea biosynthesis. Metabolism of individual amino acids.
	2



	3
	Metabolism of cyclic amino acids. Biosynthesis of creatine and glutathione
	2



	4
	Biosynthesis and catabolism of purine and pyrimidine nucleotides, determination of end products of their metabolism. Hereditary disorders of nucleotide metabolism.
	2

	5
	Replication of DNA and transcription of RNA. Analysis of the mechanisms of mutations, reparation of DNA. Protein biosynthesis in ribosomes, investigation of initiation, elongation and termination stages in synthesis of polypeptide chain.
	2

	6
	Investigation of molecular and cellular mechanisms of action of protein and peptide hormones on target cells. Mechanism of hormonal action of amino acid derivatives and biogenic amines.
	2

	7
	Investigation of molecular and cellular mechanisms of action of steroid and thyroid hormones upon target cells. Hormonal regulation of calcium homeostasis.Eicosanoids.
	2

	8
	Biochemistry of chemical composition and content of saliva.
	2

	9
	Nutrition of proteins, carbohydrates and lipids in digestive tract.
	2



	10
	Functional role of water soluble vitamins.
	2

	11
	Functional role of fat soluble vitamins.
	2

	12
	Proteins of blood plasma: proteins of acute phase, genuine and indicatory enzymes. Nonprotein nitrogen containing and nitrogen free components of blood
	2

	13
	Blood coagulation, anticoagulant and fibrinolytic systems of blood. Biochemistry of immune reactions. Immunodeficiency.
	2

	14
	Biotransformation of xenobiotics and endogene toxins.
	2



	15
	Investigation of end products of heme catabolism. Pathobiochemistry of jaundices.
	2



	16
	Investigation of water and mineral metabolism. Normal and pathological constituents of urine.
	2

	17
	Investigation of biochemical components of connective tissue.
	2



	18
	Biochemistry of mineralization of tooth enamel. Biochemical events in process of demineralization and tooth decay
	2

	19
	Biochemistry of nervous and muscle tissues. Pathochemistry of psychotic disorders.
	2



	Totally 38 hours


Topic № 1. Studies on amino acid metabolism (deamination, transamination, decarboxylation). Biogenic amines.
Objective: To learn the general pathways of amino acids metabolism, to get acquainted with  methods of identification of amino acid metabolites, to interpret obtained results.

Actuality: Protein metabolism plays the most important role in general whole body metabolism. The competence and understanding of general pathways of amino acids transformations, their metabolic intermediates, determination of activity of enzymes, participating in these processes are criteria for evaluation of protein metabolism.

Specific aims:

· To explain biochemical patterns of intracellular metabolism of amino acids: processes of deamination, transamination, decarboxylation, explain the biological mechanism of action of biological amines: serotonin, histamine, gamma-amino butyric acid, etc;

· To determine the aminotransferases activity in blood serum;

· To evaluate the obtained results and draw the conclusions on possibilities of their application in clinical medicine.
Theoretical questions:

1. Pathways of formation and maintainance of free amino acid pool in human body. General pathways of free amino acid turnover.

2. Transamination of amino acids, substrates for transamination reaction. Mechanism of transamination. Reaction. Aminotransferases, their localization in tissues and organs. Clinical diagnostic significance of determination of aminotransferases activity.

3. Types of reactions of amino acid deamination their final products. Mechanism of oxidative deamination, oxidases of D- and L- amino acids, their enzymatic activity and specificity.

4. Decarboxylation of amino acids, decarboxylases. Production of biogenic amines (GABA, histamine, setrotonin, dopamine). Decarboxylation of amino acids in putrifaction of proteins in intestines. Oxidation of biogenic amines.
5. Glutamate dehydrogenase: enzyme structure, mechanism of glutamate dehydrogenase reaction, biological significance. 

Practical part 

Experiment 1. Determination of activity of alanine aminotransferase. 
Principle. Alanine aminotransferase (ALT) catalyses the following reaction:
Pyruvate forms a colored hydrazone after reaction with dinitrophenylhydrazine. In alkaline medium pyruvate hydrazone  gives a product of red-brown color, which intensity is proportional to concentration of pyruvate. According to the quantity of formed pyruvate the activity of subsequent amino transferase can be evaluated quantitatively.

Method.   

 Pipette the solutions into the labelled test tubes according to the table: 

	
	SAMPLE
tube 1
	BLANK

tube 2

	Substrate mixture
	0.5 ml
	0.5 ml

	Saline
	-
	0.1 ml

	Mix and preincubate at 37 °C for 5 minutes, then introduce:

	Sample (serum)
	0.1 ml
	-

	Mix and incubate at 37 °C for exactly 30 minutes, then introduce:

	0.1% solution of dinitrophenylhydrazine
	0.5 ml
	0.5 ml

	Mix and let stand at the laboratory temperature for 20 minutes, then introduce:

	sodium hydroxide  (0.4 M)
	5 ml
	5 ml

	Mix and incubate at the laboratory temperature for 10 minutes.
Read the optical density of the sample at 510 nm against the blank.



Calculate the quantity of pyruvate (in g) according to the formula:

X = D / 0.09 ,   where
X - quantity of pyruvate in g,

D - Optical density.

The calculation of transaminase activity. 1 unit of alanine aminotransferase is such quantity of enzyme, which produce 1 g of pyruvate under described conditions. The calculation of enzyme activity to micromoles of pyruvate, formed by 1 ml of serum in one hour is provided according to formula:

A = (X´2´10) / 88 ,    

where 
X - quantity of pyruvate in g,

2 - Coefficient for calculation for an hour of incubation,

10 - Coefficient for calculation for 1 ml of serum,

88 - Molecular weight of pyruvate.

Clinical diagnostic significance. In human body the process of transamination occurs in the liver, hear, skeletal muscles, kidneys and other organs. In blood plasma transaminase activity is very low during nirmal conditions. When a cell membrane is damaged and the integrity of cell is breacked aminotranferase enzymes migrate into the blood. Thus the estimation of aminotranferase activity in blood serum is important in diagnoses, especially in myocardial infarction, viral hepatitis and liver cirrosis.
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Considerable increase in ALT activity (10 – 100 times normal values) is observed in cases of viral and toxic hepatitis, blood circulation insufficiency during shock and hypoxia.

Moderate increase of ALT activity occurs during liver cirrhosis, chronic hepatitis during the acute phase, obstructive jaundice, liver swelling during cardiac insufficiency and degenerative processes of the kidneys, lungs, muscles and pancreatic gland.

Considerable increase in AST activity is observed during myocardial infarction, viral hepatitis, toxic liver destruction and blood circulation insufficiency during shock and hypoxia.

Moderate increase of AST activity is detected during liver cirrhosis, obstructive jaundice, liver malignancies, skeletal muscules destruction, pancreatitis, pneumonia and hemolytic anemia.

Normal values in blood serum:
ALT - 0.1 - 0.7 moles/hr´ml,







AST - 0.1 - 0.45 moles/hr´ml.

Examples of Krok-1 tests

1. 12 hours after an accute attack of retrosternal pain a patient presented a jump of aspartate aminotransferase activity in blood serum. What pathology is this deviation typical for? 

A.Myocardium infarction  

B. Viral hepatitis  

C. Collagenosis  

D. Diabetes mellitus  

E. Diabetes insipidus  

2. Biogenic amines, namely histamine, serotonin, dopamine etc., are very active substances that affect markedly various physiological functions of the organism. What biochemical process is the principal pathway for biogenic amines production in body tissues?

A. Decarboxylation of amino acids.

B. Deamination of amino acids.

C. Transamination of amino acids.

D. Oxidation of amino acids.

E. Reductive animation.

3. In diagnostics of an acute viral hepatitis estimation of the next enzymatic activity in blood serum is the most valuable:

A. Alanyl aminotransferase 

B. Glutathion peroxidase

C. Creatine kinase

D. Amylase


E. Alkaline phosphatise

4. During hypersensitivity test a patient got subcutaneous injection of an antigen which caused reddening of skin, edema, pain as a result of histamine action. This biogenic amine is generated as a result of transformation of the following histidine amino acid:   

A. Decarboxylation   

B. Methylation   

C. Phosphorylation   

D. Isomerization   

E. Deaminization   

5. According to clinical indications a patient was administered pyridoxal phosphate. What processes is this medication intended to correct? A. Transamination and decarboxylation of aminoacids  

B. Oxidative decarboxylation of ketonic acids  

C. Desamination of purine nucleotide  

D. Synthesis of purine and pyrimidine bases  

E. Protein synthesis
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Topic №2. Detoxification of ammonia and urea biosynthesis. Metabolism of individual amino acids.

Objective. To learn general pathways of turnover of amino acids and pathways of production, transportation and neutralization of ammonia in the human body. To learn the methods of determination of urea in urine and interprete obtained results.

Actuality. Urea synthesis is the most important pathway of ammonia detoxification in human body. Disturbance of urea synthesis in liver failure leads to dramatic consequences, i.e. brain coma. Understanding of the processes of ammonia detoxification and diagnostic tests to evaluate urea-synthetic function of liver is important in the medical outlook of the modern dentist. 
Specific aims.

· To interpret the metabolic pathways of production and neutralization of ammonia, circulatory transport of ammonia, urea biosynthesis.

· To analyze changes in the processes of transport and neutralization of ammonia in hereditary anomalies of enzymes of ammonia turnover.

· Quantitative determination of urea in biological fluids. Interpretation of obtained results and conclusions.

Theoretical questions:

1. Pathways of ammonia production. Toxicity of ammonia and mechanisms of its detoxification. Circulatory transport of ammonia (glutamine, alanine).

2. Biosynthesis of urea: enzymatic reactions.
3. Special pathways of noncyclic amino acids metabolism. Metabolism of  glycine and serine, role of tetrahydrofolate in transfer of one carbone fragments. Inhibitors of dihydrofolate reductase as antitumor agents.

4. General pathways of metabolism of carbon skeletons of amino acids in human body. Glucogenic and ketogenic amino acids.

5. Hereditary enzymopathias of urea synthesis.
6. Peculiarities of metabolism of branched chain amino acids, role of vitamin B12  in metabolism of amino acids.

7. Turnover of arginine; biological role of nitric oxide, NO-synthases.

8. Turnover of S-containing amino acids; reactions of methylation.

Practical part 

Experiment 1. Determination of urea in urine.

Principle. The method is based on the property of urea to form with paradimethylaminobenzaldehyde in acidic medium complex compound of yellow colour. The intensity of colour is proportional to the concentration of urea in urine and may be determine colorimetrically. 

Method. 

1. Take a clean dry tube and add there 0.2 ml of urine.
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Add 1.2 ml of 2% paradimethylaminobenzaldehyde solution.  

3. Mix and incubate at the laboratory temperature for 15 minutes.
4. Read the optical density of the sample using a colorimeter with blue lightfilter against water. 
5. Calculate the concentration of urea to calibration curve, prepared for distinct urea concentrations. 

Explain the results, draw the conclusion.
Control of laboratory work fulfillment
1.
What substrate mixture is used for determination of the activity of ALT?
     А. α- ketoglutarate and alanine

В. α- ketoglutarate and glycine

С. α- ketoglutarate and aspartate

D. Oxaloacetate and alanine

Е. Oxaloacetate and glutamate

2.
Hydrazone of pyruvic acid in alkaline medium forms a reddish-brown color, the intensity of which is proportional to the concentration of…
     А. Pyruvate

В. Oxaloacetate

С. α- ketoglutarate

D. Alanine

Е. Aspartate
3.
Patient, complaining of pain in the left half of the chest, shortness of breath during the rest was admitted to the hospital. The diagnosis is myocardial infarction. Laboratory tests: creatine kinase 12 mmol/min.l (normal 06), AST 60 mmol/min.l (normal 220), LDH  15 mmol/(h.ml) (normal 4,08,8). Does this diagnosis confirm the results of laboratory testing?

4.
What is the content of urea in blood and urine of a healthy person? What method is used for its determination?

Examples of Krok-1 tests
1. High levels of serotonin and 3-oxianthranilate are revealed in the blood of a patient suffering from urinary bladder cancer. By the disturbance of the metabolism of what amino acid is it caused?
A.Tryptophan.
B.
Alanine.
C.
Histidine.
D.
Methionine.
E.
Tyrosine.
2. Glutamate decarboxylation results in formation of inhibitory transmitter in CNS. Name it:
A. GABA 

B. Glutathione  

C. Histamine  

D. Serotonin  

E. Asparagine 

3. Biochemical function of glutathion in an organism is connected with reduction and detoxification of organic peroxides. During an interaction of glutathion with hydroperoxides harmless organic alcohols are formed with subsequent further oxidation. Indicate an amino acid composing glutathion.

A. Glutamate

B. Valine

C. Lysine

D. Isoleucine

E. Tryptophan

4. A patient diagnosed with carcinoid of bowels was admitted to the hospital. Analysis revealed high production of serotonin. It is known that this substance is formed of tryptophane aminooacid. What biochemical mechanism underlies this process?   
A. Decarboxylation  

B. Desamination  

C. Microsomal oxydation  

D. Transamination  

E. Formation of paired compounds  

5. 12 hours after an accute attack of retrosternal pain a patient presented increasing of aspartate aminotransferase activity in blood serum. What pathology is this deviation typical for?
A. Myocardium infarction  

B. Viral hepatitis  

C. Collagenosis  

D. Diabetes mellitus  

E. Diabetes insipidus  
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Topic 3. Metabolism of cyclic amino acids. Biosynthesis of creatine and glutathione.
Objective: To study pathways of turnover of of cyclic amino acids. To know know the peculiarities of creatine and creatinine production, clinical and diagnostic significance of disorders in their metabolism. 

Actuality: In course of amino acid metabolism are produced metabolites, which can be detected and quantified in blood and urine and may be used in diagnostics and treatment monitoring.

Specific objectives: 
· To explain specific pathways of metabolism of aromatic amino acids phenylalanine and tyrosine.

· To explain biochemical basis in development and manifestation of genetic anomalies in metabolism of aromatic and heterocyclic amino acids, accumulation of distinct metabolic intermediates in phenylketonuria, alkaptonuria, albinism.

· To explain specific pathways of turnver of tryptophan.

· To learn the structure of glutathione and its role in metabolism of organic peroxides.

· To know the peculiarities of creatine and creatinine production,  clinical and diagnostic significance of disorders in their metabolism. 

Theoretical questions:
1. Specific pathways of metabolism of aromatic amino acids phenylalanine and tyrosine, sequence of enzymatic reactions. 

2. Hereditary enzymopathias of phenylalanine and tyrosine metabolism – phenylketonuria, alkaptonuria, albinism.

3. Turnver of tryptophan: kinine urenine and serotonin pathways. Hereditary enzymopathias. 
4. Glutathion, structure and role in metabolism of organic peroxides.

5. Production of creatine and creatinine, clinical and diagnostic significance of disorders in their metabolism. 

Practical part

Experiment 1.Qualitative reaction on phenylpyruvic acid (Folling test).

Principle. Phenylpyruvic acid forms a complex compound with Fe3+  ions , which has a blue-green color.

Method. 

1. Take a clean dry tube and place there 2 ml of urine.

2. Add 8-10 droplets of 10% solution of FeCl3 .

3. In presence of phenylpyruvic acid a blue-green color appears after 30-60 seconds, which gradually disappear during 5-30 min of standing in dependence from the content of phenylpyruvic acid in urine. 

Clinical diagnostic significance. Phenylketonuria (PKU) is an autosomal recessive metabolic genetic disorder characterized by homozygous or compound heterozygous mutations in the gene for the hepatic enzyme phenylalanine hydroxylase (PAH), rendering it nonfunctional.phenylalanine This enzyme is necessary to metabolize the amino acid  (Phe) to the amino acid tyrosine (Tyr). When PAH activity is reduced, phenylalanine accumulates and is converted into phenylpyruvate (also known as phenylketone), which can be detected in the urine. 

Examples of Krok-1 tests

1. Under alcaptonuria, the excessive quantity of homogentisate was found in the patient's urine (the urine darkens in the air). The innate defect of what enzyme is apparent?

A. Homogentisate oxidase.
B. Alanine aminotransferase.
C. Tyrosinase.

D. Phenylalanine-4-monooxygenase.
E. Tyrosine aminotransferase.

2. In a young child besides other clinical symptoms the sharp darkening of urine after standing in open air was revealed. Blood and urine examination detected the presence of homogentisic acid. What is the most probable cause of disease?

A. Alkaptonuria

B. Porphyria

C. Albinism

D. Cystinuria

E. Hemolytic anemia

3. Laboratory analysis of the urine of a six-day infant displayed excessive concentration of phenylpyruvate and phenylacetate. Metabolism of what amino acid is disturbed in the body of this child?
A. Phenylalanine.
B. Tryptophan.
C. Methionine.
D. Histidine.
E. Arginine.
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Topic 4. Biosynthesis and catabolism of purine and pyrimidine nucleotides, determination of end products of their metabolism. Hereditary disorders of nucleotide metabolism. 
Objective: To learn reactions of synthesis and degradation of purine and pyrimidine nucleotides in normal conditions and during enzymopathias of these metabolic pathways. To learn the basic methods of uric acid determination in biological fluids and to interpret obtained results.

Actuality: Disorders in processes of biosynthesis and catabolism of purine or pyrimidine bases and nucleotides can cause such diseases as a Lesch-Nyhan syndrome, gout, orotate aciduria. Knowledge of basic metabolites and enzymes of these processes is necessary for diagnostics and monitoring of treatment.

Specific objectives: 

· To analyze the sequence of reactions of biosynthesis and catabolism of purine nucleotides, disorders in uric acid metabolism and biochemical principles of gout development.

· To analyze the sequence of biosynthesis and catabolism reactions of pyrimidine nucleotides.

· To conduct quantitative determination of uric acid in biological fluids and to interpret obtained results.

Theoretical questions
1. Biosynthesis of purine nucleotides; scheme of reactions of IMP synthesis; synthesis of AMP, GMP, ATP, GTP. Regulation of purine nucleotides synthesis on a principle of feedback inhibition.

2. Biosynthesis of pyrimidine nucleotides: scheme of reactions, regulation. Orotate aciduria.

3. Biosynthesis of deoxyribonucleotides. Formation of thymidyl nucleotides; inhibitors of dTMP biosynthesis as antitumor drugs.

4. Catabolism of purine nucleotides. 

5. Hereditary disorders of uric acid metabolism. Biochemical background of hyperuricemia, gout, Lesch-Nyhan syndrome.

6. Scheme of catabolism of pyrimidine nucleotides. 

Practical part

Experiment 1. Quantitative determination of uric acid in blood serum. 

Principle of the method. Uric acid reduces phosphotungsten reagent with formation of blue color compound. The absorbance of light in 640 nm wavelength  (optical density) is proportional to the concentration of uric acid in the tested specimen. 

Reagents. Blood serum, 10% solution of sodium carbonate, 0.35 M sulfuric acid, phosphotungstic reagent (Folin reagent), 30 μM solution of uric acid.

Performance.
1. Transfer0.5 ml of blood serum into centrifuge tube 

2. Add 4 ml of water. Mix the solution

3. Add 0.25 ml of 0.35 Mof sulfuric acid and 0.25 ml of 10% solution of sodium dihydrogentungstate. 

4. Incubate tubes for 5 min at room temperature

5. Centrifugesamples 10 min at 3000 rpm. 

6. Collect a supernatant and determine the concentration of uric acid according to the scheme, as shown in a figure below:

Determination of uric acid in blood serum

After 30 min the optical density of probes is measured in colorimeter on wavelength 640 nm (red filter, 590-700 nm).
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Calculation of uric acid concentration is conducted according to the following formula:

where:

C – concentration of uric acid in a blood serum sample, in mmoles/L

Dt – optical density of the test sample 

Ds – optical density of uric acid standard

30 – concentration of uric acid in standard, μmoles/l
10 –dilution of serum sample

Explain the tesults.

Normal values of uric acid content in blood serum are 240–500 μmoles/l in males and 160–400 μmoles/l in females. 

Control of laboratory work fulfillment

1. What reagent is used for determination of uric acid in blood and urine? 

A. Nesler reagent

B. Felling reagent
C. Millon reagent
D. Foll reagent

E. Folin reagent

2. What is the normal content of uric acid excretion with urine?

A. 170 – 500 mg/day

B. 270 – 600 mg/day
C. 370 – 700 mg/day
D. 470 – 800 mg/day
E. 570 – 900 mg/day
3. What method is used for determination of uric acid in urine? 

4.What is the normal content of uric acid in blood and in urine of healthy adult?

5. Uridine derivative – fluorouracil is transformed in the cell to the fluorodeoxyuridildiphosphate, which is strong inhibitor of thymidylate synthase. How can be explained a suppression of rapid division of cancer cells by fluorouracil in experimental animals?

Examples of Krok-1 tests
1. In urine of monthly child was detected the enchanced quantity of orotic acid. A child gains body mass badly. What substances should be used for correction of metabolism?
A. Uridine

B. Adenosine

C. Guanosine

D. Thymine

E. Histidine

2. Formation of thymidine nucleotides, which are used for the biosynthesis of DNA, begins from dUDP, which on the first stage is hydrolised to dUMP, and thereafter methylated. What compound serves as the donor of methyl groups?
A. Lecithin

B. Choline

C. Methylenetetrahydrofolate
D. Methionine

E. Carnitine

3. In the reaction of transformation of ribose into deoxyribose during formation of deoxyribonucleotides, which are used for synthesis of DNA, takes part the low molecular weight protein thioredoxin. It contains two SH-groups which can be oxidised to disulphide form. What coenzyme is used for reducing thioredoxin?

A. Coezyme Q

B. Pyridoxal phosphate

C. NADPH

D. NADH

E. AMP

4. A person in age of 60 had surgery on prostate cancer. In 2 months he was treated by course of chemotherapy. In the complex of medical preparations 5-fluorodeoxyuridine was used as an inhibitor of thymidine synthetase. Synthesis of what compound is blocked by drug?

A. iRNA

B. rRNA

C. tRNA

D. DNA

E. Protein

References:
1. Satyanarayana U., Chakrapani U. “Biochemistry”, Third Edition. – 2006. – 792 p.
2. Harper′s Biochemistry. 26th edition / R. K. Murray, Daryl K. Granner, Peter A. Mayes, Victor W. Rodwell, 2003. – 927 p.

3. Biochemistry / Trudy McKee, James R. McKee, 1999. – 288 p.

4. Lehninger A.  Principles  of  Biochemistry. – New York. – W.H.Freeman and  Company. – 2005. – 1010 p. 
5. Mardashko O.O., yasinenko N.Y. Biochemistry. Texts of lectures.-Odessa. The Odessa State Medical University, 2003. – 416p.

6. Devlin T.M., ed. Textbook of Biochemistry with Clinical Correlations, 5th ed. New York: Wiley-Liss, 2002.
7. MCQs / Prof. Sklyarov A.Ya., Fomenko I.S., Klymyshin D.O., Nasadyuk C.M. – 2012. – 308 p.
Topic 5. Replication of DNA and transcription of RNA. Analysis of the mechanisms of mutations, reparation of DNA. Protein biosynthesis in ribosomes, investigation of initiation, elongation and termination stages in synthesis of polypeptide chain.
Objective. To learn principles of template synthesis of nucleic acids, stages of these processes, mechanisms of mutations and reparations of damaged DNA, development of hereditary diseases. To conduct quantitative determination of DNA in biological material.

To learn general principles of protein synthesis, stages of this process, possible mechanisms of appearance and development of hereditary diseases. To interpret the mechanisms of antibiotics action and other inhibitors on protein synthesis.
Actuality. In the process of nucleic acids biosynthesis may occurs various disorders in nucleotide sequence under the action of physical (ionizing and corpuscular irradiations), chemical and biological agents.

pharmaceutical preparations are widely used in medical practice that can inhibit biosynthesis of nucleic acids in prokaryotes and tumor cells proliferation in oncologic patients.

While studding this theme special attention should be paid on recent achievements of gene engineering, especially gene cloning, which is important for the synthesis of biologically active compounds, diagnostic of a variety of diseases, biological material identification. 

Specific objectives:
· To learn the method of quantitative determination of DNA in biological material.
· To interpret molecular mechanisms of storage and transfer of genetic information, role of enzymatic systems, which provide semiconservative mechanism of DNA replication in prokaryotes and in eukaryotes.
· To analyze consequences of genomic, chromosome and gene mutations, mechanisms of the most known mutagens, biological significance and mechanisms of DNA reparation (reparation of UV-induced gene mutations).
· To explain mechanism of RNA transcription enzymatic system.
· To explain mechanisms of protein synthesis system by enzymes activating amino acids, initiation, elongation and termination of polypeptide chain biosynthesis.

· To explain biochemical processes of posttranslational modification of proteins.

· To explain the influence of physiologically active compounds and antibiotics on replication, transcription and translation. 

· To interpret mechanisms of regulation of genes expression on the level of operon transcription, which include structural and regulatory genes, promoter and operator.

· To explain biochemical mechanisms of genetic recombination, gene amplification, basis of regulation of gene expression in eukaryotes. 
· To explain biochemical and molecular biology principles of the methods used in recombinant DNA technologies, gene cloning and formation of hybrid DNA molecules.

· To explain principles of gene cloning for production of drugs with biotechnologies methods.

· To interpret biochemical mechanisms of genes recombination, genes amplification, specific features of regulation of gene expression in eukaryotes.

Theoretical questions
1. DNA replication: biological significance, semiconservative mechanism of DNA replication.
2. General scheme of DNA synthesis. Enzymes of DNA replication in prokaryotes and eukaryotes. 
3. Transcription: RNA polymerases of prokaryotes and eukaryotes, signals of transcription. 
4. Processing – posttranscriptional modification of mRNA. 
5. Transfer RNA and amino acid activation. Aminoacyl-tRNA synthetases.
6. Stages and mechanisms of translation: initiation, elongation and termination.
7. Posttranslational modification of peptide bonds. Regulation of translation.

8. Inhibitors of transcription and translation in prokaryotes and eukaryotes: antibiotics and interferons, their significance in medicine; diphtheria toxin. 
9. Regulation of gene expression in prokaryotes: regulatory and structural parts of Lac-operon (promoter, operator, regulatory gene) 
10. Gene (point mutations), their significance in appearance of enzymopatias and human hereditary diseases. Biochemical mechanisms of chemical mutagens action.
Practical part.

Experiment 1. Determination of DNA on basis of phosphorus content in a sample.

Principle of the method. For investigation of chemical composition of nucleoproteins yeast cells are a convenient object. After hydrolysis  the components of nucleoproteins can be detected in hydrolysate with reactions, which are  specific to each constituent of nucleoproteins.

Reagents and materials. 500 mg of fresh yeasts or 100 mg of dried yeasts, 10% solution of sulfuric acid, pipettes, filter paper, water bath.

Preparation of the filtrate.

1. Place 100 mg of dried yeast into a clean, dry tube.

2. Add 4 ml of  H2SO4(10%). 

3. Place the tube into water bath (100° C) and incubate it for 60 min. 

4. Cooland filtrate the liquid. 

In the filtrate products of nucleoproteins are detected, i.e: polypeptides, purine and pyrimidine nitrogenous bases, ribose, deoxyribose, phosphoric acid.
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Experiment 1.Biuret Test for Protein.
Principle of the method.The biuret test is a chemical test used for detecting the presence of peptide bonds. In the presence of peptides, a copper (II) ion forms violet-colored coordination complexes in an alkaline solution.The Biuret reagent is made of sodium hydroxide (NaOH) and hydrated copper (II) sulfate, together with potassium sodium tartrate. Potassium sodium tartrate is added to complex to stabilize the cupric ions. Proteins in the alkaline environment reduce Cu2+ to Cu+, which forms a coordination complex with proteins, leading to a blue to pink color change.

Performance.
1. Take a clean and dry tube. 

2. Introduce 5 drops of hydrolysate (obtained as described previously). 

3. Add10 drops of NaOH (10%).Mix the solution carefully.

4. Add 1 drop of  CuSO4(1%). Mix the solution carefully.

Estimate the color of the solution. Explain the results. Write conclusions and draw the peptide bond.
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The biuret reaction can be used to assess the concentration of proteins because peptide bonds occur with the same frequency per amino acid in the peptide. The intensity of the color, and hence the absorption at 540 nm, is directly proportional to the protein concentration, according to the Beer-Lambert law.

Control of laboratory work fulfillment

1. Mineralized DNA interacted with solution of ammonium molybdate and gave a positive reaction – molybdenum blue. What component of DNA gives a positivereaction?

A. Purine bases

B. Pyrimidine bases

C. Purine nucleosides

D. Pyrimidine nucleosides

E. Phosphate anion

2. What is a principle of DNA determination by estimation of phosphorus?
3. What is a clinical and diagnostical significance of DNA determination in bioptate material?

4. In modern biochemical investigations for diagnostics of inherited diseases, detection of certain viruses (for example HIV), authentification of individual (gene dactylography in forensic medicine) so called "DNA-diagnostics" is employed. What method is used in these investigations?

A. Electrophoresis

B. Chromatography

C. Polymerase chain reaction

D. X-ray analysis

E. Electron microscopy
5. After the longterm exhausting illness and surgery interference patient has a sharp loss of body mass  and delay of convalescence process. Doctor prescribed him anabolic preparation. What biochemical process are stimulated by such preparations?

6. On what principles PCR is based?

7. What is the clinical, diagnostic and practical significance of PCR as a method of express diagnostics?

Example of Krok–1 tests
1. From nitrates, nitrites and nitrosamines in organism is formed nitrous acid which induces oxidative deamination of nitrogenous bases nucleotides. It can result in a point mutation by changing of cytosine into...

A. Thymine

B. Uracil

C. Adenine

D. Guanine

E. Inosine
2. A patient suffers from AIDS. RNA of AIDS virus invades leukocytes and using the enzyme revertase cause synthesis of viral DNA in the cell. This occurs due to the next process...

А. Reversal transcription  

B. Derepression of operon 
C. Repression of operon 
D. Convariant replication 
E. Reversal translation
3. For the treatment of urogenital infections are used quinolones – inhibitors of enzyme DNA-gyrase. What process is altered first of all under the action of quinolones?
A. Gene amplification

B. Replication

C. Reverse transcription

D. Reparation

E. Gene recombination

4. Salts of mercury were accidentally introduced to human body. It resulted increasing of a gene transcription frequency, providing heavy metals detoxication. Gene amplification of what protein takes place in this case?

A. Metallothionein

B. Ceruloplasmin

C. Interferon
D. Transferrin
E. Ferritin

4. Person who lives on specific geochemical territory has a diagnosis – endemic goitre. What type of posttranslational modification of thyroglobulin is violated in the organism of patient?

A. Phosphorylation

B. Methylation

C. Acethylation

D. Iodation

E. Glycosylation
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Topic № 6. Investigation of molecular and cellular mechanisms of action of protein and peptide hormones on target cells. Mechanism of hormonal action of amino acid derivatives and biogenic amines.
Objective. To learn biochemical and physiological function of hormones in a system of intercellulat integration in the organism. To learn structure of hormones of protein and amino acid nature, derivatives of amino acids and steroid hormones, mechanisms of their action upon the target cells, role of secondary messengers in cell response to the hormones of protein or amino acid nature. 

Actuality. Understanding of biochemical mechanisms of realization of hormones effect on functioning of cell systems allows to explain mechanisms of development of pathological states, caused by disorders in functioning of endocrine glands and target cells as well as it also forms in students considerations about the correction of hypo- or hyperfunction of  endocrine glands.

Specific objectives: 

· To interpret the biochemical and physiological functions of hormones and bioregulators in a system of intercellular integration of vital functions of human organism.

· To analyse and to explain correspondence between the structure of protein and peptidehormones, derivatives amino acid derived and steroid hormones to their  function and mechanism of action up on targets cells.

· To interpret the molecular mechanisms of action of hormones of protein and peptide nature, derivatives of amino acids (catecholamines) up on target cells with involvement of signaling mediator molecules.

· To interpret the molecular mechanisms of direct regulatory effect of steroid hormones on the  genome of targets cells.

Theoretical questions
1. Hormones in a system of intercellular integration of physiological functions in human organism. 
2. Classification of hormones and bioregulators, interrelationship between structure and mechanism of action of hormones.
3. Targets of hormonal action; types of cell response to the hormone. Membrane and cytosol receptors of hormones in the cell.

4. Messenger function of cyclic nucleotides, Ca/calmodulin system phosphoinositides. Serine, threonine and tyrosine proteinkinases in effectory  response of the cell.

5. Hormones of hypothalamus – liberins and statins. Functional interrelationship betweem hypothalamus and pituitary gland.

6. Hormones of anterior pituitary gland: GH, prolactin. Pathological processes, caused by disorders of the production of these hormones. 
7. Hormones of posterior pituitary gland: ADH, oxytocine.

8. Hormones of pancreatic gland. Insulin – structure, biosynthesis and secretion. Role of insulin in carbohydrate, lipid and protein metabolism. Growth factors and oncoproteins.

9. Glucagone. Chemical structure and biological activity of hormone.

10. Role of catecholamines: structure, biosynthesis, biologicl effect, mechanism of action.
Practical part

Experiment 1.Qualitative reactions of insulin. 
Insulin is a polypeptide hormone producedby the B-cells of islets of Langerhans ofpancreas. It has profound influence on themetabolism of carbohydrate, fat and protein.Insulinis consideredas anabolichormone,as itpromotes the synthesis of glycogen,triacylglycerolsand proteins.This hormone hasbeen implicated in the development of diabetesmellitus.Insulin gives all characteristic reactions of proteins.

Biuret probe. 

1. Into a clean, dry tube add 10 droplets of insulin solution.

2. Add 5 drops of 10 % solution of NaOH  and one drop of CuSO4 solution. Mix the tube carefully.

A red-violet color appears which is characteristic for proteins and peptides.
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Fohl’s  reaction.
1. Into a clean, dry tube add 5 droplets of insulin solution.

2. Add 5 droplets of Fohl’s reagent (alkaline solution of lead acetate).

3. Boil the mixture 5 min.Incubate the solution for 1-2 min at room temperature. Observe the formation of precipitate.

[image: image12.jpg]boil the mixture  incubate for 1-2 min
(5 min) in room temperature  estimate the formation
> of precipitate

Fohl's reagent 5 drops

Insulin solution 5 drops



Millon’s reaction.
1. Into a clean, dry tube add 5 droplets of insulin solution.

2. Add 1-2 ml of Millon’s reagent.

3. Carefullyheat the mixture on a flame. Observe the formation of red precipitate.

Explain the results.
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Control of  laboratory work fulfillment

1.
What is the prinsiple of color change in reaction mixture in course of biuret test, reactions of  Fohl’s and Millon’s reactions?

2.
What qualitative reactions for adrenalin detection do you know? What is the difference between these reactions?

3.
How to explain the appearance of blue colouring of solution in a qualitative reaction on thyroxine?

4.
Lifetime of most hormones in blood is comparatively short. For example, if to inject an animal the radiolabeled insulin, half of the injected hormone is inactivated in blood during 30 min. Why is it important the fast  inactivation of circulating hormones? How can be supported constant level of hormone in blood taking into account its rapid inactivation? How are achived the rapid changes in concentration of circulating hormones in  the body?

5.
An amount of adrenalin in medulla of adrenals is 0.08 % from mass of glands. What is amount of adrenalin in glands, if it is known that an amount of noradrenalin is 0.008 % (0.8 mg)?

6.
A 33-years-old patient is addressed to Consultation of Thyroid Pathology by the family physician. During 6 months she felt an anxiety, rapid fatigue, enchanced sensitivity to the heat, loss of body weight in normal appetite, palpitation and promoted perspiration. After investigation it was revealed: pulse 130 beats/min, warm and moist palms, trembling, retarted closure of eyelids and exophtalmia, also soft and enlarged. Testing results: thyroxin – 260 nmol/l (normal 50 – 150).

7.
A man is in a stress situation. What influence will have this state on the function of endocrine glands?

8.
What advantages for the organism gives the production of hormones  in form of prehormones and prohormones?

Examples of Krok–1 tests
1. A patient appealed to the doctor with complaints about   tremor and hypokinesia. The biochemical analysis of blood showed the reduced amount of dopamine. Name its methabolite-precursor.

A. Dioxyphenylalanine

B. Tyrosine

C. Tyramine

D. Phenylalanine

E. Phenylpyruvate

2. Prostoglandins take part in the development and regulation of inflammation as a general pathological process in the human organism. Name the compound able to inhibit cyclooxygenase activity?

A. Acetylsalicylic acid
B. Aceton acetic acid
C. (-Ketoglutaric acid

D. Propionic acid

E. Butyric acid

3. Some hormones increase the permeability of internal membranes of mitochondria for Н+, that results in uncoupling of respiration and phosphorylation processes and stop in synthesis of ATP. Name this compound:

A. Adrenalin
B. Vasopressin
C. Thyroxine

D. Insulin

E. Oxytocin

4. In pregnancy is increased requirement for cholecalciferol; one of its metabolites is a powerful antagonist of parathyreoid hormone, which stimulates the process of bone resorbtion and output of calcium and phosphates into blood. Indicate this metabolit.
A. 1.25-Dihydroxycholecalciferol

B. 1-hydroxycholecalciferol

C. Cholecalciferol

D. Ergocalciferol

E. 25-Hydroxycalciferol
5. Protein hormones regulate biochemical processes by an increase of calcium ions  concentration in a cell. Indicate the compound which increases the concentration of calcium ions.

A. Phosphatidylinositol 4.5-biphosphate

B. Inositol-1.4.5-triphosphate

C. Inositol-3.6-diphosphate

D. Inositol-6-phosphate

E. Inositol
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Topic № 7. Investigation of molecular and cellular mechanisms of action of steroid and thyroid hormones upon target cells. Hormonal regulation of calcium homeostasis. Eicosanoids.
Objective. To analyze changes in carbohydrate, lipid and protein metabolism which occur in endocrine glands dysfunction and to interpret prognostic significance of distinct disorders. To learn mechanisms of hormonal regulation of calcium homeostasis: distribution of Ca+2 in organism, fractions of calcium in human blood plasma, the role of bone tissue, intestines and kidneys in support of calcium homeostasis. To know biochemical mechanisms of pathological processes development and typical manifestations in endocrine diseases, with special attention to thyroid gland dysfunction.

Actuality. Hormones play an important role  in mechanisms of homeostasis. These substances regulate the activity of enzymes in cells, influence the expression of cell genome and change the intensity of metabolism in target cell and in the body as well. The knowledge of mechanisms of the neurohumoral regulation of metabolism gives basis for diagnostics and rational therapy at endocrinological disorders.

Specific objectives.
· To analyse metabolic changes and biochemical indexes, which characterise the carbohydrate metabolism, metabolism of proteins and lipids in disorders of endocrine glands and to summarise the prognostic estimation of these disorders.

· To interpret the mechanisms of hormonal regulation of calcium homeostasis: distribution of calcium in the body, fractions of calcium in human blood plasma, the role of bone tissue, small intestine and kidneys in support of calcium homeostasis.

· To explain the biochemical mechanisms of development and manifestation of pathological processes and typical disorders of endocrine system.

Theoretical questions
1. The mechanism of action of thyroid hormones thyroid and steroid hormones (cytosolic and nuclear receptors).

2. Thyroid hormones:

• Structure and biosynthesis of thyroid hormones;

• biological effects of T4 and T3;

• thyroid pathologies; disorders of metabolism under conditions of hyper- and hypothyroidism;

• endemic goiter and its prevention.

3. Steroid hormones: nomenclature, classification. Biosynthesis of steroid hormones from cholesterol.

4. Steroid hormones of the adrenal cortex (C21-steroids):

• structure, physiological and biochemical effects of glucocorticoids (cortisol, corticosterone), the role of cortisol in the regulation of metabolism (carbohydrates, proteins, lipids);

• biochemical basis of glucocorticoid anti-inflammatory properties;

• structure, physiological and biochemical effects of mineralokortykoids (aldosterone); role of aldosterone in regulation of water-salt metabolism;

• Cushing's disease, Adison’s disease (bronze), aldosteronism, Kron's disease.

5. Steroid hormones of gonads:

• female hormones: estrogen - estradiol, estrone (C18-steroids), progesterone (C21-steroids); physiological and biochemical effects; connection with the phases of the menstrual cycle; regulation of synthesis and secretion;

• male sex hormones (androgens) - testosterone, dihydrotestosterone (S19-steroids); physiological and biochemical effects, regulation of synthesis and secretion;

• clinical application of hormone analogs and antagonists gonads.

6. General characteristics of hormone-like substances. Biochemical basis of hormonal regulation of digestion. Gastrin. Cholecystokinin. Secretin.

8. Eicosanoids: general characteristics; nomenclature (prostaglandins, prostacyclines, thromboxanes, leukotrienes):

• biosynthesis of prostaglandins and thromboxane; cyclooxygenase, peroxidase, their biological and pharmacological properties;

• biosynthesis of leukotrienes andtheir biological properties; 5-lipoxygenase;

• clinical application of eicosanoids, aspirin and other nonsteroidal anti-inflammatory drugs as inhibitors of prostaglandin synthesis.
9.Hormonal regulation f calcium homeostasis.

Practical part

Experiment 2. Qualitative reaction on iodine in the solution of thyroxin. Principle of the method. Degradation of thyroxin molecules leads to potassium iodide formation. The released Iodine gives a blue color with starch.

5 КІ + КІО3 + 3 H2SO4( 3 І2 + 3 K2SO4 + 3 H2O

I2 + starch(blue colour

Materials and reagents: thyroxin, 10% solution of H2SO4, starch. 

Method: 

1. Take a clean, dry tube and add 25 drops of thyroxinhydrolysate.

2. Add H2SO4 (10 %) mix the solution and add КІО3 (10 %). 

3. Add 5 drops of starch. Observe the formation of blue colore. Write a conclusion.Explain the results.
Clinical significance.
Among the  endocrine glands,thyroid  is  the  most  susceptible  forhypo-  or  hyperfunction.Three abnormalities associatedwith thyroid functions are known.

Goiter : Any abnormal increasein the size of the thyroid gland isknown  as goiter. Enlargement ofthyroid  gland  is  mostly  tocompensatet he decreasedsynthesisof  thyroid  hormones  and  isassociated  with  elevated  TSH. Goiter is primarily due to a failurein the autoregulationof T3 and T4 synthesis.This may be caused bydeficiency of excessof iodide.

Goitrogenic  substances (goitrogens):  These are thesubstancesthat interfere with theproduction of thyroid hormones.These include thiocyanates,nitratesand perchloratesand the drugs suchasthiourea, thiouracilt, hiocarbamid.

Simple endemic goiter : This is due to iodine deficiency in the diet.  It is mostly found in the geographical regions a way from sea coast where the water and soil are low  in  iodine content. Consumption of  iodized salt is advocated to overcome the problem of  endemic goiter. In certain cases, administration of thyroid hormone is also employed.

Control of  laboratory work fulfilment

1. What functional group of ketosteroids interracts dinitrobenzol?

2. What is the value of quantitative determination of adrenalin?

3.
A patient was treated with corticosteroid hormones for a long time, thereafter abruptly stoped their acception them. What changes in the methabolism are possible?

4.
One of approaches in treatment of breast cancer is surfical removal of ovaries. Besides additionally are introduced androgenes. Explain the biochemical basis of this treatment.

5.
In adrenal cortex damage develops specific pigmentation of skin, muscular weakness, marked disorder in water-salt turnover, as well as in protein and carbohydrate metabolism. What is the cause of these events?

6.
Vasopressine and oxytocin are accumulated in posterior pituitary. Indicate, where are they synthesized and how they get a posterior pituitary?

Examples of Krok–1 tests
1. The main representative of mineral corticosteroids is…

A. Corticosteron
B. Hydrocortizone
C. Dihydro-corticosterone

D. Aldosteron

E. Synestrol

2. What is the effect of glucocorticoids up on carbohydrate methabolism in liver?

A. Stimulate glycogenesis from glucose
B. Stimulate gluconeogenesis
C. Stimulate glycogen hydrolysis
D. Stimulate glycogen phosphorolysis

E. Stimulate activity of glycogenphosphorylase

3. In human body some amino acids are transformed into hormones. What compound is produced from tryptophan?

A. Histamine

B. Serotonin

C. GABA

D. Corticosteron

E. (-alanine

4. What hormone regulates  water balance and osmotic pressure in blood plasma, as well stimulates contraction of smooth muscles in vessel wall?

A. Prolactin

B. Somatostatin

C. Corticoliberin

D. Vasopressin

E. Kinins

References

1. Satyanarayana U., Chakrapani U. “Biochemistry”, Third Edition. – 2006. – 792 p.
2. Harper′s Biochemistry. 26th edition / R. K. Murray, Daryl K. Granner, Peter A. Mayes, Victor W. Rodwell, 2003.- 927 p.
3. Biochemistry / Trudy McKee, James R. McKee , 1999.- 288 p.
4. Lehninger A.  Principles  of  Biochemistry. –  New York. – W.H.Freeman and  Company. – 2005. – 1010 p. 
5. Mardashko O.O., yasinenko N.Y. Biochemistry. Texts of lectures.-Odessa. The Odessa State Medical University, 2003.-416p.
6. Devlin T.M., ed. Textbook of Biochemistry with Clinical Correlations, 5th ed. New York: Wiley-Liss, 2002.
7. MCQs / Prof. Sklyarov A.Ya., Lutsik M.D., Fomenko I.S., Klymyshin D.O., Nasadyuk C.M. – 2012. – 308 p.
Topic № 8. Biochemistry of chemical composition and content of saliva
Objective. To learn functions of saliva, its composition in health nad pathology of the oral cavity and internal organs, to master methods determination of saliva enzymes and explain obtained results.  To learn the mechanisms of pathochemical processes in oral cavity.
Actuality. Saliva is one of the perspective objects for investigations, since its collection is absolutely noninvasive and maybe multiply repeated. The composition of saliva is the indicator of the condition of the oral cavity, what is important to know for dentistry students as changes of the activity of salivary enzymes occur in different disorders both of oral cavity and internal organs.  
Specific objectives:

· To know physical and chemical properties of saliva.
· To be able to evaluate biochemical composition of saliva and explain the results.
· To master methods of quantity determination of salivary enzymes activity. 
Theoretical questions
1. Regulation of saliva production. Mechanism of saliva production. 
2. Functions of human saliva (digesting, protective, anticaries). 
3. Quantity indixes of saliva secretion in health and pathology. 
4. Density and viscosity of the saliva, pH in health and pathology. 
5. Organic compounds of the saliva – proteins and enzymes, their role in provision of cell functions. Changes in biochemical composition of the saliva in disorders of oral cavity and human organism in general.
6. Noprotein nitrogenous components of saliva, carbohydrates and lipids. 
7. Hormones of the saliva, their role in regulation of metabolic processes in oral cavity and human organism in general.
8. Inorganic constituents of the saliva (trace and macroelements), changes in disorders of the oral cavity. 
9. Protective mechanisms of saliva in smoking. 
Practical part
Experiment 1. Evaluation of rodonides in saliva. 
Principle of the method. Rodonides of saliva may be detected based on the appearance of the red colour after adding ferric chloride.  The appearance of red colour is mediated by the appearance of the complex compound, containing iron and rodonides. 

Material supply: saliva, 0.01 % solution of ferric chloride, 2 % solution of chloric acid. 
Perfomance. Add 5 drops of saliva to a tube, then 2 drops of 2 % solution of chloric acid and 2 drops of 0.01% solution of ferric chloride. Observe the appearance of the red colour, which intensity is mediated by the contents of rodonides. Draw a conclusion.
Clinical and diagnostic significance. People, who smoke, produce a significant quantity of rodonides since tobacco smoke in addition nicotine, phenol, CO and cancerogens of a benzipirene type contains sinyl acid, which is metabolized under the effect of the enzyme rodanidase with the production of rodonides, causing the production of cancerogenic compounds - nitrosamines.  

Examples of Krok-1 tests
Parodontitis is accompanied with activation of proteolytic degradation of parodont tissue. The marked increase in content of what substances in oral fluid indicates on activation of proteolysis?
A. Amino acids

B. Biogenic amines

C. Organic acids

D. Glucose

E. Cholesterol
What pathology can be suggested when the activity of amylase in saliva of a patient is decreased?
A. Insufficient secretory function of parotis 

B. Submandibular gland hypofunction

C. Parotis hyperfunction

D. Sublinqual gland hyperfunction

E. Sublinqual gland hypofunction

Many diseases are frequently accompanied with changes in content of different metabolites in saliva. What substance concentration may be increased in saliva of patient suffering from diabetes mellitus?
A. Glucose 

B. Creatinine

C. Urea

D. Albumin

E. Zinc ions

What component of saliva significantly increases the risk of caries development in case of diabetes mellitus?
A. Glucose 
B. Urea

C. Amino acids

D. Residual nitrogen

E. Ammonia 
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Topic 9.  Nutrition of proteins, carbohydrates and lipids in digestive tract.
Objective. to learn biochemical processes of digestion in stomach and intestines, methods of determination of constituents in gastric juice and to interpret obtained results; to learn the mechanisms of pathobiochemical processes, which develop during disorders of digestive system. 
Actuality. Because the percentage of people with pathology of digestive system organs grows annually, knowledge of mechanisms of origin of gastroenterology diseases is a necessity for their correct and timely diagnostics and subsequent treatment. A high-quality and quantitative estimation of secrets of digestive glands (glands of stomach, pancreas) is an important diagnostic criterion for the correction of pathochemical processes.

Specific objectives: 

· To interpret physiological requirements and energetic value of principal nutritional compounds: proteins, carbohydrates, lipids, vitamins, trace elements.

· To explain biochemical mechanisms of digestive processes and assimilation of nutritional products in normal conditions and in hereditary or acquired disorders in activity of proteolytic, amylolytic or lipolytic enzymes.

· To explain the development of the main disorders of digestion in pathology
Theoretical questions

1. General characteristic of human nutritional components: macrocomponents (carbohydrates, lipids, proteins), microcomponents (vitamins, inorganic and trace elements). Physiological requirement in energy and energetic value of principal nutrients.

2. Requirements of human organism in nutrients – carbohydrates, lipids, proteins. Biological value of some nutrients. Rational nutrition. The content of nutrients in common dietary products.

3. General characteristic of digestion and absorption of nutrients. Enzymes, biochemistry of digestion of proteins, carbohydrates, lipids in stomach, small and large intestines.

4. Disorders of digestion of distinct nutrients in stomach and intestines; hereditary enzymopathias.

5. Changes in biochemical indexes in disorders of stomach function and their diagnostic significance.

6. Disorders of secretory function of pancreas in acute and chronic pancreatitis, biochemical characterization.

7. Hereditary enzymopathias of intestinal disaccharidases. Biochemical diagnostics of lactose intolerance. 

Practical part

Principle of the reaction. Violet colored solution of iron phenolate changes its color to yellow-green in the presence of lactic acid. 
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Performance. 

Add 2-3 drops of 3% FeCl3 solution to 5 ml of 1% phenol solution. Violet color appears. 

To this solution add several drops of tested gastric juice. The change of violet colour to yellow-green confirms the presence of lactic acid in gastric juice.

Clinical and diagnostic significance. Lactic acid in stomach appears in the course of anaerobic glycolysis or lactic fermentation. This is an indirect proof of the absence or low concentration of HCl. The evaluation of lactic acid in gastric juice may be a sign of cancer as it is assumed, that lactic acid is overproduced by cancer cells due to intensive anaerobic glycolysis.

Examples of Krok-1 tests
1. Patient has an insufficiency of enzyme producing function of stomach. Detection of activity of what enzyme would not be informative for the diagnosis of this disease in adults?

A. Renin

B. Pepsin

C. Uropepsin

D. Gastrixine

E. Pepsin B

2. Patient with chronic inflammation of pancreas was prescribed an inhibitor of proteolytic enzymes which are produced in pancreas in nonactive state as zymogens. What mechanism is the basis of activation of trypsin ?

A. Allosteric regulation

B. Phosphorylation

C. Proteolysis of C-end of hexapeptide

D. Dephosphorylation

E. Partial proteolysis of zymogen molecule

3. New-born child suffers from milk coagulation in stomach, which means that soluble proteins of milk caseins are transformed into insoluble - paracaseins at participation of calcium ions and some enzyme. What enzyme takes part in this process?

A. Secretin
B. Pepsin
C. Gastrin

D. Renin

E. Lipase

4. In the gastroenterology department a 7-year-old boy was hospitalized. He was prescribed a biochemical analysis of blood and urine, in particular determination of maintenance of urine pepsin. Uropepsin in pediatric practice is detected for the exploration of...

A. Secretory activity of glands of stomach mucus shell

B. Intensities of processes of digestion in a stomach

C. Motoric and evacuatoric activity of stomach

D. Pathological processes in stomach

E. Pathological components in gastric juice 
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Topic № 10. Functional role of water soluble vitamins.
Objective. To learn the structure, principles of classification, functional significance of vitamins, vitaminoids, antivitamins, biologically active supplements. To recognize methods of qualitative and quantitative determination of water soluble vitamins.

Actuality. Water soluble vitamins are envolved in the metabolism, as coenzymes and activators of many enzymatic and nonenzymatic processes. Disorders in vitamins metabolism, reduces intensity of energetic and plastic metabolism, which is accompanied with violations in function of several organs, decline of immunity to the viral and infectious diseases, loss of organism ability to adapt oneself to the different unfavorable factors.

Specific objectives: 

· To interpret the role of water soluble vitamins as nutritional components in metabolic and physiological processes.

· To explain application of antivitamins as enzyme inhibitors in contagious diseases and in disorders of homeostasis .

· To evaluate the role of water soluble vitamins in metabolism, development of hypo- and hyper- vitaminoses, their prevention and treatment.

Theoretical questions

1. Vitamins as essential nutritional components. 

2. Causes of exo- and endogenous hypo- and avitaminoses.

3. Vitamins B1 and B2, their structure, biological function, sources of supplement, daily requirement. Symptoms of hypovitaminosis.

4. Structure and properties of vitamin H and pantothenic acid. Their participance in metabolism, sources of supplement, daily requirement. Metabolic significance of CoA.

5. Antianemic vitamins (B12, folic acid), their structure, biological function, sources of supplement, daily requirement. Symptoms of hypovitaminosis.

6. Vitamins B6 and PP, their structure, biological function, nutritional sources, daily requirement. Symptoms of hypovitaminosis.

7. Vitamin C and P, their structure, biological function, nutritional sources, daily requirement. Functional interrelations between vitamin C and P, insufficiency in human organism.

8. Application of vitamins in dentistry.
Practical part

Experiment 1. Reduction of methylene blue by ascorbic acid.
Principle of the method. Methylene blue is reduced by ascorbic acid to a colorless leuko-form.

Performance. Into two tubes one droplet of 0.01 % sol. of methylene blue and one droplet of 10% sol. of Na2CO3 are added. To the first tube several drops of an extract from canine rose fruits are added, to the second - several drops of water.  During heating of tubes a discoloration of the first tube may be observed due to reduction of dye.

Examples of Krok-1 tests
1. Methotraxate, used for treatment of some types of leukemia, can be considered as antivitamin of the next vitamin:

A.Pantothenic acid

B.Folic acid


 

C.Ubiquinone
D. Pyridoxine 
E. Thiamine

2. What is the biochemical mechanism of the effect of sulfanylamides upon bacterial flora?

A. Activation of enzymatic system of p-aminobenzoic acid (PABA)  synthesis

B. Stabilization of conformation of enzyme of PABA synthesis

C. Competition with PABA in synthesis of folic acid

D. Inactivation of enzymes of PABA synthesis

E. Induce synthesis de novo of enzymes involved in PABA synthesis

3. Chose from the following vitamins one which is considered as antianemic factor.

A. Thiamine

B. Pantothenic acid

C. Ascorbic acid

D. Folic acid

E. Pyridoxine

4. Select the metabolic process with which is most likely associated vitamin C.

A.Biosynthesis of DNA

B.Intestinal calcium absorption 

C.Biosynthesis of collagen

D.Biosynthesis of glycogen

E.Oxidative decarboxylation of α-ketoacids
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Topic № 11. Functional role of fat soluble vitamins.

Objective. To learn the structure and functional significance of fat soluble vitamins, to recognize methods of qualitative and quantitative determination of fat soluble vitamins.

Actuality. Fat soluble vitamins are envolved in many  enzymatic and nonenzymatic processes. Disorders in vitamins metabolism, reduces intensity of energetic and plastic metabolism, which is accompanied with violations in function of several organs, decline of immunity to the viral and infectious diseases, loss of organism ability to adapt oneself to the different unfavorable factors or development of specific pathologic conditions, such as rickets, xerophtalmia, infertility and miscarriages, bleeding.

Specific objectives: 

· To interpret the role of fat soluble vitamins as nutritional components in metabolic and physiological processes.

· To evaluate the role of fat soluble vitamins in metabolism, development of hypo- and hyper- vitaminoses, their prevention and treatment.

· To explain the role of vitaminoids in metabolic processes.

· To explain the role of biologically active supplements as nutritional components and their effect  in the organism.

Theoretical questions

1. Vitamins of D group, their structure, biological function, nutritional sources, daily requirement. Symptoms of hypo- and  hyper-vitaminosis, avitaminosis. 
2. Vitamin A, its structure, biological function, nutritional sources, daily requirement.  Symptoms of hypo- and hyper- vitaminosis.
3. Vitamins E, F, their structure, biological role, nutritional sources, mechanism of action, daily requirement. Symptoms of insufficiency, application in medicine.
4. Antihemorrhagic vitamins (K2, K3) and their water soluble forms, structure,  biological function, nutritional  sources, mechanism of action, daily requirement, symptoms of insufficiency, application in medicine.

5. Provitamins, antivitamins, mechanism of action and employment in practical medicine.

6. Vitaminoids, their structure and biological activity.

7. Application of fat soluble vitamins in dentistry.
Practical part

Experiment 1. Detection of vitamin E with the use of ferric chloride.

Principle of the method. Alcohol solution of α-tocoferol is oxidized by ferric chloride to tocoferylquinone, which is of red color.

Performance. 

Place 4-5 droplets of 0.1% alcohol solution of tocoferol to a dry tube.

Add 0.5 ml of 1% solution of ferric chloride. 

Mix intensively the content of the tube.

Heat the tube on a flame till the change of the colour. 

Clinical and diagnostic significance. Due to the modern outlook, the main function of tocopherols is to serve as antioxidants. Hydrogen atom in the molecule of α-tocopherol cooperates with the peroxide radicals of lipids, reducing them into hydroperoxides and thus breaks the chain reaction of peroxidation.

Vitamin E is also involved in the regulation of reproductive functions in males and females.

Daily need of vitamin E is 20 – 30 mg, its concentration in blood is 3.500 – 8.000 nmole/l. 
Examples of Krok-1 tests

1. In an ill child the enlargement of abdomen, curvature of lower limbs, skul enlargement, general weakness is observed. What nutrient insufficiency can lead to the developement of such manifestations? 
A. Vitamin D 

B. Carbohydrates

C. Vitamin C

D. Iron

E. Lipids

2. A patient complains for a loss of possibility to discriminate things in twilight, yet in daylight he see normally. The cause of this can be: 

A hypovitaminosis

A. A hypervitaminosis

B. Glucose –6-phosphate defeciency

C. PP hypovitaminosis 

D hypervitaminosis
A. 3. Vitamin therapy is appointed to a pregnant with a few involuntary abortions in anamnesis. What vitamin contributes to the bearing of pregnancy?
B. α-Tocopherol.
C. Ascorbic acid.
D. Cobalamine

E. Pyridoxine

F. Rutin
4. The Institute of gerontology recommends the aged people to take a complex of vitamins that contains vitamin E. What is the basic biological action of vitamin E?

A. Antioxydant.

B. Antihemorrhagic.

C. Antiscurving.

D. Antineuritic.

E. Antidermatitic.
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Topic 12. Proteins of blood plasma: proteins of acute phase, genuine and indicatory enzymes. Nonprotein nitrogen containing and nitrogen free components of blood 
Objective. To analyze biochemical composition of blood and to explain the role of blood plasma proteins, to analyze changes in the composition of the end products of blood metabolism. To know about nonprotein nitrogen containing blood compounds, which represents rest nitrogen; to learn methods of determination of residual nitrogen in blood.

Actuality. In blood plasma over 100 proteins was found out and described which differ on their physical, chemical and functional properties. Plasma proteins determine properties of plasma: colloid-osmotic pressure and permanent blood volume, viscidity of blood, support of permanent blood pH value and functions, namely: protective, regulatory, termoregulatory, respiratory, trophic etc.

Rest nitrogen is an important indicator of the state of protein’s metabolism. The detection of nonprotein nitrogen is conducted with the purpose of diagnostics of disorders of kidneys and liver, endogenous intoxication at the row of diseases and estimation of kidney insufficiency degree.

Special objectives:
· To analyze the state of health on the basis of biochemical indexes of the intermediates and end products of metabolism in the blood.

· To explain biochemical basis of the functioning of systems which regulate blood pressure (kallikrein-kinin system and renin-angiotensin system). 
· To analyze biochemical composition of blood and to explain the diagnostic role of blood plasma proteins, non-protein nitrogen compounds (rest nitrogen), nitrogen-free organic components in normal conditions and during pathologies.

Theoretical questions

1. Biochemical and physiological functions of blood. Respiratory function of red blood cells.
2. Hemoglobin: mechanisms of the transport of oxygen and carbon dioxide. Pathological types of hemoglobin in humans.
3. Buffer systems of blood. Disorders of acid-base balance in the body (metabolic and respiratory acidosis and alkalosis).
4. Biochemical composition of blood. Clinical and biochemical characteristic of blood plasma proteins. 
5. Enzymes of blood plasma: significance in enzymodiagnostic of diseases of organs and tissues.
6. Kallicrein-kinine system of blood and tissues. Medical preparations as antagonists of kinine synthesis. 
7. Non-protein organic compounds of blood plasma. Inorganic components of blood plasma.

Practical part

Experiment 1. Colloidal probes for blood protein condition (Weltman’s test).

Principle of the method. The method is based on the empirical observation that after addition of CaCl2 solution to blood serum and subsequent heating, impairment of colloidal stability of serum proteins occurs and proteins are precipitated. The value of CaCl2 concentration at which precipitation takes place is very important for the performance of this investigation.

Performance. 

Take 0.1 ml of blood serum and add 4.9 ml of distilled water to it, mix well.

Add 0.1 ml of 0.5 % CaCl2, stirr and carefully heat on a  flame up to boiling.

Cool the tube is cooled and examine the appearance of obtained precipitate. 

If no precipitate is found, additionally add 0.1 ml of CaCl2 solution to the tested probe and boil again. 

Repeat all the procedure untill the appearance of visible precipitate.

The volume (in ml) of 0.5% CaCl2 used for the reaction of precipitation corresponds to the level of protein in plasma. Normally coagulation begins after addition of 0.4-0.5 ml of CaCl2 solution.

Clinical significance. The level of total protein in blood in healthy adults makes 65-85 g/l. The decrease of the level of total protein below 65 g/l is called hypoproteinemia, whereas increase of its content above 85 g/l is called hyperproteinemia. as well as its fractions is an important laboratory index commonly used in diagnosis of numerous diseases. Decrease of the protein content in blood (hypoproteinemia) occurs in kidney diseases, accompanied by nephritic syndrome, starvation, in patients after chemotherapy, irradiation, in malignancies, liver insufficiency. The increase of the level of total protein in blood occurs mainly in paraproteinemias, f.i. myeloma disease.

Control of laboratory work fulfillment
1. Examination of a child revealed staphylococcus infection. What changes in protein composition in blood are the most typical for this condition? 

A. Identification of C - reactive protein 

B. Decreasing of the amount of albumins

C. Decreasing of the amount of ceruloplasmin

D. Increased albumin content

2. Examination of a patient revealed a nephrotic syndrome. What changes in protein fractions of blood are expected?

A. Decreased concentration of albumines 

B. Decreased concentration of α1-globulins

C. Increased concentration of β-globulins

D. Decreased concentration of γ-globulins

E. Increased concentration of α2-globulins

3. The content of albumins in blood plasma - 15 g / liter. What condition is observed. Explain its consequences for the organism?

4. Examination of the blood of cancer patient revealed that concentration of the rest nitrogen was about 60 mmol/l, renal function was not impaired. What causes this condition? What kind of azotemia is observed?

Examples of Krok -1 tests

1. In a child during the first three months after birth a severe form of hypoxia was indicated. The reason for this might be a disorder of the replacement of fetal hemoglobin to…:

A. Hemoglobin A 

B. Methemoglobin

C. Hemoglobin S 

D. Hemoglobin M

2. Cyanides are strong poisons for the human body. What compound for binding them?

A. Methemoglobin

B. Oxyhemoglobin

C. Cyanmethemo
globin

D. Carbhemoglobin

3. Disorders of primary structure of the protein lead to changes in its physicochemical and functional properties. Which of the above methods might be used for identification of abnormal hemoglobins?

A. Chromatography 

B. Hydrolysis

C. Electrophoresis

D. Ultracentrifugation

E. X-ray analysis

4. Laboratory analysis revealed low blood pH value, low concentration of hydrogen carbonate (alkaline reserve of blood), increased content of lactic and pyruvic acids in blood and urine. What type of the acid-alkaline balance is disturbed?

A. Metabolic acidosis

B. Respiratory acidosis

C. Metabolic alkalosis

D. Respiratory alkalosis

E. Respiratory alkalosis

5. Which of the following immunoglobulins is a secretory component of saliva and inhibits the adsorption of bacteria on tooth enamel?

A. IgA

B. IgM

C. IgD

D. IgE

E. IgG
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Topic № 13. Blood coagulation, anticoagulant and fibrinolytic systems of blood. Biochemistry of immune reactions. Immunodeficiency.

Objective. To learn the role of components of coagulation, anticoagulation and fibrinolytic systems of blood in providement of physiological condition of blood. To characterize biochemical components of immune system. To learn mechanisms of immunodeficiencies.
Actuality. Blood coagulation is a difficult physiological and biochemical process which is the protective reaction of our organism on bleeding. Knowledge of biochemical description of coagulatory, anticoagulatory and fibrinolytical systems of blood is necessary for understanding of mechanisms of support of the aggregate state of blood in normal state and at numerous diseases, and also for their timely correction by medical drugs.

Specific objectives
· To interpret biochemical principles of functioning of coagulation, anticoagulation and fibrinolytic systems of blood.

· To learn methods of investigation of coagulation and fibrinolytic systems of blood, to interpret obtained results.

· To characterize cellular and humoral factors of immune system.

· To explain mechanisms of development of immunodeficient states.

Theoretical questions
1. Functional and biochemical characteristics of homeostasis system; coagulation homeostasis.
2. Blood coagulation system; characteristics of coagulation factors. Cascade mechanism of activation and function of blood coagulation; intrinsic and extrinsic blood coagulation pathways. Role of vitamin K in reactions of hemocoagulation (carboxylation of glutamic acid residues, its role in Ca binding). Medical preparations as vitamin K agonists and antagonists
3. Hereditary and acquired disorders of coagulation homeostasis.

4.  Anticoagulation system of blood, functional characteristics of its components.
5. Fibrinolytic system of blood: stages and factors of fibrinolysis. Medicinal influencing fibrinolytic process. Activators and inhibitors of plasmin.
6. Immunoglobulins: structure, biological function, mechanisms of synthesis. Biochemical characteristics of distinct immunoglobulin classes of human blood.

7. Mediators and hormones of immune system: interleukins, interferons, protein and peptide factors of cell growth and proliferation.

8. Factors of complement system. Classical and alternative pathways of complement activation

9. Biochemical mechanisms of immunodeficiencies: primary (hereditary) and secondary immunodeficiencies; 
Practical part

Experiment 1. Detection of vicasol with cysteine. 
Principle of the method. Solution of vicasol in alkaline medium in the presence of cystein turns into lemon yellow colour. 
Perfomance.
Add 5-10 droplets of 0.05 % alcohol solution of vicasol into a tube.

Add 2.5 ml of NaOH.

Observe the appearance of lemon yellow colour.

Clinical and diagnostic significance. The most clarified function of vitamin K is its interrelationship with blood coagulation. Vitamin K is essential for the synthesis of blood coagulation factors, such as prothrombin (factor II), proconvertin (factor VII), Christmas factor (factor IX), Stuart’s factor (factor X). Vitamin K contributes to the synthesis of the full molecule of prothronbin, providing its posttranslational modification. 
Current scientific data also gives evidence that vitamin K as other fat soluble vitamins affects the state of cell membranes and subcellular structures, being the constituent of lipoproteins of these membranes. 

Daily need in vitamin K makes 1-2 mg, its concentration in blood serum makes 400 – 600 nmol/l. 

Deficiency of vitamin K in most cases is endogenous and results from the disturbance of its production in the intestine (use of antibiotics or sulphamides), impaired absorption due to the lack of bile production, obstruction of bile ducts, liver disorders. The use of antivitamins of vitamin K may also cause its deficiency. The signs of vitamin K deficiency include bleedings after small injuries, coagulopathias in newborns (before the appearance of appropriate microflora in the small intestine). 
In medical practice the drugs of vitamin K are widely used and its water soluble analogue – vicasol. These drugs are prescribed in pathologies, accompanied by hypoprothrombinemia and bleedings. 
Control of laboratory work fulfillment
1.
 New-born child suffers from vitamin K hypovitaminosis, which leads to hemorrhagic disease. Which of the following explains the role of vitamin K in this disease? 

A.
Vitamin K is a heparin inhibitor 
B.
Vitamin K is a prothrombin cofactor
C.
Vitamin K is a specific inhibitor of antitrombines

D.
Vitamin K occurs on proteolytic activity of thrombin

E.
Vitamin K is a cofactor of γ-glutamate carboxylase

2. Which of the mentioned polysaccharides is often used as anticoagulant?

A.
Heparin

B.
Hyaluronic acid

C.
Dermatan sulfate

D. Chondroitin sulfate

E.
Dextran
3. Chose from listed below factors one of the extrinsic pathway of blood coagulation    

A. Proconvertin

B. Prothrombine

C. Antihemophilic globulin A

D. Hageman factor

E. Proaccelerin

4. Chose from presented vitamins one with antihemorrhagic activity

A. Philloquinone 

B. Retinol

C. Tocopherol

D. Ergocalciferol

E. Pangamic acid

5. Fibrinogen is transformed into fibrin monomer by the next biochemical process:

A. Limited proteolytic cleavage

B. Phosphorylation with involvement of ATP and proteinkinase

C. Dephosphorylation by protein phosphatase

D. Carboxylation of glutamic acid residues

E. Acetylation with involvement of acetyl-CoA.

Examples of Krok-1 tests
1. Patient was transported to the clinic with inherited hemophilia A, which is manifested in prolonged bleeding. The cause of hemophilia A might be a deficiency of ...

A. Antihemophilic globulin A

B. Prothrombin

C. Fibrinogen 

D. Antihemophilic globulin B 

2. In a patient with symptoms of enhanced blood coagulability (thromboses, thrombophlebitis) heparin was injected, never the less coagulation was not inhibited. What protein factor deficiency of anticoagulant system may exists in a patient?

A. Antithrombin III

B. ( 2-Macroglobulin

C .(I – inhibitor of proteinases

D. Antithromboplastine

E. Anticonvertin 

3. Which of the following drugs would be best to use on a patient who has just had a heart attack?

A. Heparin

B. Tissue plasminogen activator
C. Dicoumarol
D. Warfarin
E. Thrombin
4. Patient with the symptoms of the increased blood coagulation (thromboses, thrombophlebitis) was treated parenterally with an anticoagulant – heparin. However the speed blood coagulation did not decreased. The deficit of what protein factor of the anticoagulation system of blood is observed?

A. Antithrombin III
B. α2-macroglobulin
C. α1-inhibitor of proteinases

D. Antithromboplastin

E. Anticonvertin

5. Streptokinase as a medical preparation is used for revascularization of occluded by thrombus blood vessels. It possesses the following biological activity:

A. Activates plasminogen 

B. Arrests the polymerization of fibrin monomers

C. Inhibits cross linking of fibrin filaments

D. Dissolves fibrin filaments by proteolysis

E  Inhibits the activity of thrombin
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Topic № 14. Investigation of biotransformation of xenobiotics and endogenous toxins compounds. 

Objective. To interpret biochemical mechanisms of detoxofication systems of liver: reactions of microsomal oxidation and conjugation in biotransformation of xenobiotics and endogenous toxins. To explain biochemical principles of development of insufficiency in liver functions due to chemical, biological or radiation damage.

Actuality. Liver detoxifies endotoxins and xenobiotics, including drugs, which are foreign for the body and can change or damage the running of metabolic processes. At the same time  drugs and medicinals are used in pathology in order to normalize metabolism and favor convalescence. Knowledge of kinetics of absorbtion, transport, distribution and metabolism of drugs in organism is necessary for development of medicinals and drugs with desired properties.

Theoretical questions

1. Homeostatic role of liver. Regulation of carbohydrates, lipids, amino acids turnover by liver, production of urea. Pigment and bile-producing functions of liver. 

2. Detoxification function of liver; biotransformation of xenobiotics and endogenous toxins.

3. Reactions of microsomal oxidation; inducers and inhibitors of microsomal monoxygenases. Biological role of cytochrome P-450. Electron transport chains of endoplasmic reticulum.
4. Conjugation reactions in hepatocytes: biochemical mechanisms, functional significance.

Practical part

Experiment 1. Methods of qualitative detection of phenacetine and its metabolites

Phenacetine, 1-ethoxy-4-acetamidobenzene, possess an anti-inflammatory, fever and pain relief effects. It is metabolized by dealkylation and hydroxylation and formation of paracetamol, p-phenetidine, p-aminophenol. Part of phenacetine is excreted with urine in unchanged form, another part is transformed to glucuronides and sulphates and also excreted with urine.

Most of reactions for detection of phenacetine in biological material are connected with detection of p-aminophenol. The last is obtained in a  way of extraction of phenacetine with chloroform in acidic conditions and subsequent hydrolysis of dried extract with concentrated HCl. In hydrolyzate p-aminophenol is determined with several characteristic reactions.

Experiment 2. Formation of indophenol dye.

Perfomance. Add a droplet of 2% solution of chromic acid anhydride or 5 % solution of potassium bichromate to the aliquote of tested sample.

Observe the appearance of violet color of the solution, which is gradually transformed to cherry red, indicating on the presence of  p-aminophenol.

Examples of Krock-1 tests
1.
During biotransformation of drugs of barbiturates class (hexobarbital, phenobarbital, pentobarbital) the next type of reaction take place:

A. Oxidative hydroxylation of alkyl side chains of cyclic compounds

B. Oxidative hydroxylation by the type of benzene  hydroxylation

C. Reactions of  oxidative dealkylation, in particular N-dealkylation

D. Reduction reactions, in particular  reductive dehalogenation

E. Reduction reactions, in particular  reduction of nitrogen containing compounds

2. Biotransformation of tetrachloroethane occurs according to the next type:

A. Reduction reactions (without oxygen), in particular reductive alkylation

B. Oxidative dealkylation, in particular N-dealkylation

C. Oxidative hydroxylation by the type of benzene hydroxylation

D. Oxidative dealkylation, in particular O-dealkylation

E. Reduction reactions, in particular  reduction of nitrogen containing compounds

3. In clinical practice as an index of protein putrefaction in intestines and functional ability of liver is investigated the urine excretion of animal indican, which is produced in liver by the next reaction of conjugation:

A. Sulfation
B. Glucuronation

C. Methylation

D. Acethylation

E. Glycinilation  

4. For determination of biotransformation activity of drugs in human body the rate of the next reaction is measured:

A. Acetylation of sulfonylamide 

B. Acetylation of penicillin 

C. Acetylation of aspirin 

D. Methylation of sulfonylamide 

E. Methylation of penicillin 
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Topic № 15. Investigation of end products of heme catabolism. Pathobiochemistry of jaundices.
Objective. To learn biochemical pathways of heme metabolism. To interpret biochemical indixes in blood and urine in sense of differential diagnosis of jaundices. To learn the principal functions of liver in metabolism of carbohydrates, lipids and simple and conjugated proteins as well as in biotransformation of toxic compounds. 

Actuality. The metabolism of bilirubin, which is the product of heme degradation occurs in a liver. Disorders in bilirubin metabolism result in jaundice, which is recognized with the use of biochemical tests in blood and urine. Liver plays a central role in general metabolism, supporting the stability of internal milieu of organism. The most important reactions of detoxification of endogenous and exogenous harmful substances are carried out in this organ.

Specific objectives: 

· To interpret principal biochemical processes in liver, i.e. metabolism of carbohydrates and lipids, protein biosynthesis, urea biosynthesis, metabolism of bile pigments and bile production. 

· To analyze changes in biochemical indices of blood and urine (direct and indirect bilirubin) in recognition of types of jaundices.

· To explain the role of liver in regulation of glycemia (glycogenesis and glycogen breakdown, gluconeogenesis) in normal and pathological conditions.

· To explain biochemical principles of insufficiency of liver functions in chemical, biological or radiation damage of liver tissue.

· To learn methods of bilirubin determination in blood serum and to interpret obtained results.

Theoretical questions
1. Role of liver in turnover of bile pigments.
2. Hemoglobin catabolism: production of biliverdin, its transformation to bilirubin, synthesis of bilirubin diglucuronide and excretion with bile.

3. Pathobiochemistry of jaundices; hemolytic (prehepatic), parenchimatous (hepatic), occlusive (posthepatic). Enzymatic congenital jaundices:

· Crigler-Najjar syndrome as a consequence of insufficient activity of UDP-glucuronyl- transferase.

· Gilbert disease – pathology caused by combined disorder of synthesis of bilirubin diglucuronide and absorption of bilirubin from blood by liver cells (“absorption jaundice”).

· Dubin-Johnson syndrome – jaundice caused by disorder of transport of bilirubin diglucuronide from liver cells to bile (“excretory jaundice”). Enzymatic jaundices of neonates and  methods of their prevention.
4. Porphyrins: nomenclature, reactions of biosynthesis of prothoporphyrin IX; heme production. Regulations of porphyrins synthesis. 

5. Herediatary disorders of porphyrins turnover (porphyrias). 
Practical part

Experiment 1. Determination of bilirubin in blood serum.

Principle of the method. Bilirubin reacts with diazoreagent with the formation  of pink colored azobilirubin. The intensity of color is proportional to bilirubin concentration and can be measured with the use of photocolorimeter at 530-560 nm wavelength. Conjugated bilirubin reacts rapidly (direct reaction), non-conjugated  bilirubin reacts slowly. In presence of accelerators (e.g. caffeine) non-conjugated bilirubin reacts as rapidly as conjugated one. For determination of total bilirubin (conjugated and free) buffer solutions with accelerators (caffeine) are used.
Performance. 

Fill 4 tubes accordingly to the table below: 

	Reagents
	Conjugated bilirubin
Test
	Conjugated bilirubin
Control
	Total bilirubin
Test
	Total bilirubin
control

	reagent 1 without accelerator
	3 ml
	3 ml
	
	

	reagent 1 with accelerator
	
	
	3 ml
	3 ml

	reagent 2 (diazoreagent)
	0.075 ml
	0.075 ml
	0.075 ml
	0.075 ml

	blood serum
	0.4 
ml

	
	0.4 ml
	

	distilled water
	
	0.4 ml
	
	0.4 ml


[image: image14.emf]Qickly mix the components in each tube and after 5 min (exactly) measure the optical density at green light filter (560 nm) against control probes. The quantity of bilirubin is estimated according to calibration curve. 
The curve of dependence of optical density (A) of the solution of bilirubin from its concentration.

Explain the result, write the conclusion.

Clinical and diagnostic significance. Normal values of total bilirubin concentration in blood serum are 0.1-1.2 mg % (1.7-20.5 mmol/l), non-conjugated – 0.1-1.0 mg% (1.7-17.1 mmol/l) , conjugated – 0.05-0.25 mg% (0.86-4.3 mmol/ml. ). High concentrations of bilirubin exhibit toxic effects, which are caused due to it photosensibilization properties. As a metabolite of protoporphyrine, a very active photosensibilizer, bilirubin transform molecular oxygen to singlet form, which is extremely active oxidant. Singlet oxygen induce damage of biological membranes, nucleic acids, proteins; it partially is expressed as hemolysis. 

The increase in blood bilirubin concentration over 30 mmol/l causes the jaundice. The last one can be: hemolytic (prehepatic), parenchymatous (hepatic), occlusive (posthepatic, obturation of bile ducts). 

In hemolytic jaundice liver is not able to transform all the quantity of free bilirubin in blood, which is produced due to increased hemolysis. In this case in blood is noted an increase in concentration of free (non conjugated) bilirubin up to 100 mmol/l. This form of jaundice is characteristic to hemolytic and pernicious anemias. 

In parenchimatous jaundice the conjugating capacity of liver cells is suppressed due to damage of liver cells. Production of bile is decreased, conjugated bilirubin partially returns back to blood. Bilirubinemia in this case is caused by increase in concentration of direct and indirect fractions of bilirubin. Parenchimatous jaundice is observed in fat degeneration of liver (steatosis), hepatitis (viral, toxic), cirrhosis of liver.

In occlusive jaundice bile is accumulated in bile ducts due to occlusion of bile duct with bile stones or tumor and bile is returned back to blood. Bilirubinemia in this type of jaundice is characterized by a marked increase of bilirubin level in blood (170-700 mmol/l) mainly due to conjugated fraction of bilirubin.

In neonates at first days of life jaundice is developed due to several causes. Bilirubin is not transformed to derivatives due to sterility of intestines and is intensively absorbed to blood from digestive tube. In neonates frequently is observed transient insufficiency of glucuronyl transferase, which causes the increase of nonconjugated bilirubin in blood.

Congenital disorders of bilirubin turnover and transport  are observed in congenital jaundices, as such: Crigler-Najjar syndrome (absence or insufficiency of glucuronyl transferase), Gilbert disease (insufficiency of glucuronyl transferase and block of absorption of bilirubin from blood by liver cells – “absorption jaundice”); Dubin-Johnson syndrome ( disorder of transport of bilirubin diglucuronide from liver cells to blood  - “excretory jaundice”).

Examples of Krok-1 tests

1. In a 46-year-old woman suffering from cholelithiasis a jaundice developed. Urine became darkly yellow, feces decolorized, in blood plasma an increased concentration of conjugated (direct) bilirubin was detected. What type of jaundice can be suggested?

A. Hemolytic
B. Parenchymal
C. Obturative

D. Jaundice of new-born

E. Gilbert’s disease

2. In a preterm child a yellow color of skin and mucus membranes is observed. A cause of this state is the temporal lack in activity of the next enzyme.

A. Porphobilinogene synthetase
B. Aminolevulinate synthase

C. Hemoxygenase

D. UDP glucuronyl transferase

E. Biliverdin reductase

3. In a patient with manifested jaundice the next biochemical indices were detected: an increase in concentration of total bilirubin in blood plasma with predominance of indirect (free) bilirubin, in feces and urine – an  increased amount of stercobilin, the concentration of direct (conjugated) bilirubin in blood plasma  – within normal limits. What type of jaundice can be suggested?

A. jaundice of newborns

B. Parenchymal
C. Obstructive

D. Hemolytic

E. Gilbert disease
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Topic 16. Investigation of water and mineral metabolism. Normal and pathological constituents of urine.
Objective. To learn processes of water and minerals turnover in human body. To learn methods of qualitative and quantitative determination of inorganic substances in blood serum and to interpret obtained results with diagnostic purpose and in treatment of some diseases. To learn the stages and mechanism of urine production by kidneys. To be able to conduct and interprete biochemical analysis of urine.
Actuality. Water and minerals are of vital importance for normal functioning of human body. They are changes in their turnover in different diseases, thus knowledge and understanding of processes of their turnover as well as their qualitative and quantitative determination is necessary for evaluation of water-mineral metabolism. Kidneys play crucial role in maintenance of water and minerals turnover. 
Theoretical questions

1. Water and minerals turnover in human body. Intra- and extracellular water. Turnover of water, sodium, potassium.
2. Role of kidneys in the regulation of volume, electrolyte composition and pH of the body. Biochemical mechanisms of urine-producing function of kidneys (filtration, reabsorption, secretion and excretion). Biochemical characterization of renal clearance and renal threshold,diagnostic significance.
3. Renin-angiotensin system of kidneys. Biochemical mechanism of renal hypertension. Hypotensive drugs – inhibitors of angiotensin-converting enzyme. Physical and chemical properties of urine: quantity, colour, odor, transparency, pH, dependency from food consumed. Ammoniogenesis. 
4. Biochemical composition of urine in health anf pathology. Clinical and diagnostic significance of urine analysis. 
Practical part

Experiment 1. Detection of blood (benzidine probe).  

To 3 ml of urine add 2-3 droplets of 3% H2O2 and 2-3 droplets of benzidine in acetic acid. 

In the presence of blood the color of the solution will change to green-blue. 

Examples of Krok-1 tests
1.
A patient which consumed great quantity of fish derived foodstaffs, containinig excess of vitamin D) was admitted to a hospital due to complaints for increased blood pressure. A roentgenologic investigation revealed presence of stones in urinary ducts. In a patient was recognized:

A. Hypercalcemia
B. Hypocalcemia
C. Hyperuricemia

D. Hypouricemia

E. Hyperkaliemia

2.
A tourist in a hot day was deprived of drinking-water for a long time. Finally he met a spring and satisfied thirst. It resulted in:

A. Increase in osmolality of extracellular fluid 

B. Decrease in osmolality of extracellular fluid 

C. Increase in osmolality of intracellular fluid

D. Decrease in osmolality of intracellular fluid

E. Increase in intracranial pressure

3. A patient who during long time accepted medication with spironolactone (antagonist of aldosteron) addressed to the physicianr with complaints on tachicardia and hypotension. Thecause of such state can be:

A. Hyponatremia

B. Hepernatremia

C. Hypercalcemia

D. Hypocalcemia

E. Hyperkalemia

References

1. Medical biochemistry / Bhagavan N.V. Jones and Bartlett Publishers International Boston-London. -  1992, 980 p.

2. Biochemistry / Trudy McKee, James R. McKee. - 1996, 654 p.

3. Biochemistry / Trudy McKee, James R. McKee. - 1999,  288 p.

4. Harper′s Biochemistry. 26th edition / R. K. Murray, Daryl K. Granner, Peter A. Mayes, Victor W. Rodwell. - 2003,  927 p.

5. Biochemistry. 2nd edition / Pamela C. Champe, Richard A. Harvey. Lippincott′s Illustrated Reviews. - 1994,   443 p.

6. Biological chemistry. Methodical instructions for practical exercises. Lviv-2004, P.III, p. 67-68.

Topic 17. Investigation of biochemical components of connective tissue. Metabolism of bone tissue.
Objective. To learn composition and metabolic peculiarities of connective tissue, its functioning in normal conditions and in pathology. To conduct a quantitative determination of hydroxyproline in urine for diagnosis of certain diseases.

Actuality. An important problem of modern medicine is investigation of metabolic disorders in connective tissue in acquired and congenital diseases. Thus,  it is necessary to learn and to know some biochemical tests used for in time diagnosis of these diseases and correct treatment.
Specific objectives: 

· To give morphological and biochemical description of the components of connective tissue (fibrillar structures, basic intercellular substance).

· To explain biochemical changes in the connective tissue in some pathological states (mucopolysaccharidosis, collagenosis).

· To master the method of quantitative determination of hydroxyproline in urine and explain obtained results.  

Theoretical questions
1. General characterization of morphology and biochemical composition of connective tissue. Biochemical composition of intercellular matrix of loose connective tissue: fibers (collagen, elastin, reticulin); amorphous material.

2. Proteins of connective tissue fibers – collagens. Biosynthesis of collagen and formation of fibrilar structures. Breakdown of collagen.

3. Structure and features of noncollagen proteins (elastin, proteoglycans).

4. Special noncollagen proteins (fibronectin, integrins, laminins, vitronectin, tenascin, thrombospondin).

5. Complex carbohydrates of amorphous matrix of connective tissue – glycosaminoglycans. Mechanisms of formation of intercellular matrix by molecules of glycosaminoglycans – (hyaluronic acid, chondroitin-, dermatan-, keratan-  sulphates). Distribution of glycosaminoglycans in different human organs and tissues.

6. Pathobiochemistry of connective tissue. Biochemical mechanisms of development of mucopolysaccharidoses and collagenoses, their biochemical diagnostics.

7. Organisation and chemical structure of the bone tissue.

8. Biochemical mechanism of formation and physiologica regeneration of the bone. 

9. Regulation of metabolism in bone tissue: system and local factors, markers of metabolism of bone tissue.

10. Reaction of bone to dental implants. 

Practical  part

Experiment 1. Quantitative determination of hydroxyproline  in urine.

Principle of the method. Hydroxyproline is oxidized to the substance of pyrrole nature, which after condensation with Ehrlich reagent (p-dimethyl- aminobenzaldehyde) gives a product of pink color. The intensity of color is proportional to a concentration of hydroxyproline.

Performance. 

Into one tube add 1 ml of tested urine, into another tube – 1 ml of water.

 To both tubes add 1 ml of 0,01 M  solution of copper sulphate, 1 ml of 2,5 n NaOH, 1 ml of 6% solution of hydrogen peroxide. 

Stir the probes during 5 min.

Thereafter place the tubes into boiling water bath for 3 min.  

Then cool the tubes in cold water, add 4 ml of 3 n solution of sulfuric acid and 1 ml of Ehrlich reagent. 

Again heat the tubes on boiling water bath for 1 min and after cooling measure the optical density using a colorimeter at 500-560 nm (green filter) in 10 mm cuvette. 

[image: image2.jpg]sulphate
solution

urine «—{Rul! Il water

test control




With the help of a calibrated diagram determine hydroxyproline level in the experimental sample and thereafter calculate the amount of hydroxyproline excreted with daily urine using a formula:
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where a - is an amount of hydroxyproline, founded using a calibrated diagram; Vday - is a daily volume of urine, ml;  Vexp - a volume of urine, taken for an analysis, ml.
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Curve of dependence of optical density of hydroxyproline solution from its concentration 

Explain obtained result. Write a conclusion.

Clinical and diagnostic significance. The quantity of hydroxyproline excreted with urine in in healthy adults in 24 hours is about 15-20 mg. In 10-20 years old persons about 200 mg of hydroxyproline is daily excreted. Increase in excretion of this amino acid up to 1 g/day is observed in collagenoses (rheumatism, rheumatoid arthritis, sclerodermia, dermatomyositis), in hyperparathyroidism, Paget’s  disease (generalized osteosclerosis). A substantial loss of hydroxyproline is observed in congenital hydroxyprolinemia, caused by deficiency of hydroxyproline oxidase.

Examples of Krok-1 tests
1. In scurvy the disorder in hydroxylation of proline and lysine occurs, which alter the  collagen structure. Inhibition of what biochemical process causes this disorder?

A. Oxidative phosphorylation

B. Microsomal oxidation 

C. Lipid peroxidation

D. Peroxide oxidation

E. Tissue respiration

2. With ages human cartilage tissue restore proteoglycans more slowly proceeding, which leads to decrease in hydratation and loss of elasticity of the tissue.that results in diminishing of degree of their gradation and loss of resiliency of this tissue. What lyzosomal enzymes activity does increase in this case?

A. Cathepsins, glycosidase
B. Isomerase, dehydrogenase

C. Deaminase, decarboxylase

D. Decarboxylase, lipase

E. Oxidase, transaminase

3. In a patient with Slay syndrome an excretion of heparan sulfate and chondroitin sulfate with urine is observed. What enzyme deficiency may cause this state?

A. Cathepsin D
B. (-amylase

C. Lactate dehydrogenase

D. Arylsulfatase

E. (-glucuronidase

4. Increased fragility of vessels, destruction of enamel and dentine in scurvy is caused mostly by alteration collagen maturation. What stage of collagen post translational modification is damaged in this avitaminosis?

A. Glycosylation of hydroxylysine residues

B. Cleavage of C-terminal peptide from procollagen

C. Formation of polypeptide chains

D. Cleavage of N-terminal peptide

E. Proline hydroxylation
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Тopic № 18. Biochemical constituents of connective tissue of the tooth: organic and mineral components. Amelogenesis. 

Objective. To learn chemical composition and metabolic peculiarities of connective tissue of tooth during physiological conditions and during caries and dental fluorosis. 

Actuality. Formation of systematical knowledge about the basic principles of parodontosis metabolism and mechanisms of mineralization and demineralization of tooth tissue is essential for understanding of the main reasons of diseases of oral cavity and organism in general. In this connection it is necessary to learn and to know some biochemical tests used for in time diagnostics of these diseases and correct treatment.

Specific objectives
· To characterize chemical composition and metabolism of organic and mineral compounds in tooth tissue.

· To master methods of determination of organic and inorganic compounds and methods of qualitative determination of calcium and phosphorus in tooth tissue.

· To evaluate the obtain results.
Theoretical questions

1. General characteristics of chemical composition of tooth tissue (enamel, dentine, cementum, pulp)

2. Inorganic compounds of enamel; apatites, their properties and biological role.
3. Organic compounds of enamel (specific proteins, peptides, carbohydrates, lipids). 
4. Special features of dentine composition, its structure and functional organization. Cementum.
5. Pulp – main features of biochemical composition.
6. Amelogenesis. Processes of mineralization – demineralization as a principle of mineral metabolism of tooth tissue. Enamel permeability. 
7.  The role of vitamins А, D, Е, К, С in the mineralization of tooth tissue.
8. Hormonal regulation of the mineralization of tooth tissue.
9. Biochemical modifications in tooth tissue during caries.
10. The role of Fluorine in caries and fluorosis.

11. Composition of gum fluid and its changes during pathologies of periodontium
Practical part

Experiment 1. Detection of proteins in tooth tissue.

Principle of the method consists in dissolving of tooth proteins during their heating in alkali solution and detection with biuret reaction. 
Reagents: tooth batch (50 mg), 10 % NaOH solution, 1 % cupper sulfate, tubes.

Performance. Batch the tooth (approximately50 mg) is added to a test tube and mixed with 10 drops of 10 % NaOH solution. The content of the tube is heated to boiling, then cooled and mixed with a drop of 1 % copper sulphate solution. The appearance of violet color is observed (biuret reaction).

Draw a conclusion. Explain the resulst.

Control of laboratory work fulfillment

1. Human body obtains vitamins, macro-and micronutrients with dietary uptake. Dental fluorosis is highly associated with the excess of the next compound…? 

A. Fluorine

B. Phosphorus

C. Calcium

D. Sodium
E. Potassium

2. Enamel is highly resistant to various mechanical and chemical factors. Synthesis of what component provides the resistance?

A. Fluorapatite

B. Carbonate apatite

C. Chlorine apatite 

D. Hydroxyapatite

E. Collagen

3. The strength of tooth tissues depends on the ratio of organic, inorganic compounds and water. Which of the following tissues contain the least amount of water?

A. Enamel

B. Dentine

C. Periodontium

D. Pulp

E. Cement

4. Deposition of mineral salts occurs in the organic matrix of the tooth prior to the accelerated synthesis of one of the following polysaccharides…:

A. Chondroitin sulfate

B. Heparin

C. Glycogen

D. Ceratan sulfate

E. Dermatan sulfate

5. Citrate is involved in the mobilization of calcium. What tooth tissue contains the highest concentration of citrate?

A. Dentine

B. Pulp

C. Cement

D. Enamel
E. Epithelium

Examples of Krok-1 tests
1. In the treatment of periodontitis, hormones that stimulate the mineralization of teeth and inhibits of bone resorption are used, namely:

A. Calcitonin

B. Insulin

C. Adrenalin

D. Dopamine

E. Thyroxin

2. A disorder in the structure of collagen fibers associated with a deficiency of vitamin C leads to tooth loss. This can be explained, because vitamin C is a cofactor of…

A. Lysine hydroxylase and proline hydroxylase

B. Lysine hydroxylase and lysine oxidase

C. Glycosil transferase 

D. Procollagen peptidase

3. To prevent gingivitis and to improve the regeneration of epithelial cells special vitamins are added to the periodontal toothpaste. Choose from the list one of the following vitamins that is used in this case:

A. Retinol

B. Thiamine

C. Phylochinon

D. Biotin

E. Calciferol

4. A 3 years old child was hospitalized with symptoms of severe stomatitis and gingivitis, as well as dermatitis of open parts of the body. The examination revealed violations of inherited transport of neutral amino acids in the small intestine. What vitamin’s insufficiency leads to the above symptoms?

A. Niacin

B. Vitamin A

C. Cobalamin

D. Biotin

E. Pantothenic acid

5. In the complex treatment of periodontitis, tocopherol was used. What effect causes the healing properties of this vitamin?

A. Antioxidant

B. Antiphlogistic

C. Antialergic

D. Osteotropic

E. Prooxydant

Topic № 19. Biochemistry of nervous and muscle tissues. Pathochemistry of psychotic disorders.

Objective. To learn the composition and peculiarities of metabolism  in muscle tissue, its function in normal and pathological conditions. To perform a quantitative determination of creatinine and creatine in urea and its diagnostic significance in  some pathology. 

Actuality. Muscle tissue has specific features of metabolism depending on age of a person, pathological states, caused with both endogenous and exogenous factors, and that is why in a clinic the special place beloungs to biochemical methods of diagnostics. For example, at some diseases of muscles it is important to know the excretion of creatine and creatinine in 24-hours urine.

Specific objectives:

· To analyze biochemical composition of muscles and the role of proteins in formation of muscle cell structure. 

· To explain biochemical mechanisms of contraction and relax of muscle fiber.

· To analyze pathways of energetic support of muscle contraction, role of ATP and creatine phosphate in these processes.

Theoretical questions

1. Fine structure and biochemical composition of myocytes; structural organization of sarcomers. Myofibril proteins: myosine, actin, tropomyosine, troponine complex. Molecular organization of thick and thin filaments.

2. Nitrogen containing and nitrogen free water soluble organic compounds,  their structure and functional significance. Molecular mechanisms of muscle contraction: modern data on interaction of muscle filaments. Role of Ca2+ ions in regulation of contraction and relax of striated and smooth muscles.

3. Modern ideas on energetics of muscle contraction and relaxation. Macroergic compounds of muscles. Structure, production and role of ATP, creatine phosphate, creatine phosphokinases, sources of ATP in muscle cell; role of creatine phosphate in energetic supply of contraction. Pathobiochemistry of muscles--  myopathias.

4. Metabolic changes in muscles in certain disorders.

5. Biochemical composition and metabolism in brain: neurospecific proteins and lipids (gangliosides, cerebrosides, cholesterol), peculiarities of amino acid composition of brain tissue, role of glutamate system.
6. Energetic metabolism in human brain.
7. Biochemistry of neuromediators (acethylcholine, norepinephrine, dopamine, serotonine, excitory and calming amino acids), their role in nerve impulse transduction and memory regulation.
8. Receptors for neuromediators and physiologically active compounds.

9. Peptidergic system of brain.

10. Opioid receptors (enkephalins, endorphins, dinorphins) and ther receptors.

11. Disturbance of the turnover of mediators and modulators of brain in psychic disorders.
12. Biochemical mechanisms of the development of human neuro-psychic disorders (alcoholism, narcomany, Alzheymer’s disease,  multiple sclerosis, Parkinson’s disease, epilepsy).

Practical part

Experiment 1. Quantitative determination of creatinine in urine due to unified Jaffe method.

Principle of the method. Creatinine combine with picric acid in alkaline medium and forms colored complex (Jaffe reaction). The intensity of color is proportional to creatinine quantity and is measured in photocolorimeter.

Performance. Into one calibrated cylinder 0.5 ml of urine is measured (test),to another – 0.5ml of water is added (control). To both cylinders 0.2 ml of 10 % NaOH and 3 ml of saturated solution of picric acid are added, after five min distilled water is added to the final volume 100 ml. Solutions are mixed and the intensity of color is measured in photocolorimeter in 1 cm cuvette at green light.

The content of creatinine is calculated according to calibration curve. A daily excretion of creatinine is calculated, using known values of daily volume of urine and volume of tested specimen of urine. 

Explain the results.

Clinical and diagnostic significance. Normal daily excretion of creatinine is 8.8-17.7 mmole (1.0-2.0 g) in males and 7.1-15.9 mmoles (0.8-1.8 g) in females. The enhancement of creatinine excretion is observed in excessive ingestion of meat (exogenous source), in breakdown of proteins in cytoplasm of cells, in intensive physical efforts, diabetes mellitus and diabetes insipidus, nfectious diseases, etc. Creatinine is not reabsorbed in kidney tubules, which permits to evaluate the glomerular filtration index.

Control of  laboratory work 

1.
What is the principle of the method of creatin determination in urine?

2.
In what units  the amount of creatin in urine is determinated?

3.
What significance has the increase or decrease in creatinine excretion  in urine ?

4. Name the cause of creatinuria.

5.
It is known that the main feature of bronchial asthma is a spasm of smooth muscles of bronchioles. What causes manifestation of such symptoms?

6.
Patient has vitamin E hypovitaminosis. How it will influence the function of muscles?

7.
Patients with insufficiency of thiamine usually have a series of neurological symptoms: loss of reflexes, excitability, loss of consciousness. Explain, why does of thiamine deficiency affect the brain functions?

Examples of Krok–1 tests
1. For early diagnostics of muscular distrofy is the most  informative an increase in activity of certain enzyme in blood plasma. Note it.

A. Lactate dehydrogenase

B. Alanine aminotransferase

C. Aspartate aminotransferase

D. Creatinkinase

E. Alfa-amylase
2. In a patient with progressive muscular dystrophy a biochemical investigation of urine was conducted. Appearance of what compound in great amount in urine can support diagnosis of muscle disease in this patient?

A. Hippuric acid

B. Creatin

C. Porphyrins

D. Carbamide

E. Creatinine

3. People which for a long time were in a state of hypodynamia, have intensive pains in musclesafter the physical load. What is most reliable cause of this symptom?
A. Decrease of lipids in muscle

B. Increase of ADP in muscles

C. Accumulation of cretine in muscles

D.  Increase of muscule proteins disintegration

E. Accumulation of lactic acid in muscules

4. For synthesis of ATP in skeletal muscles and myocardium are used different substrats. One of them is utilized in myocardium, but not in skeletal muscles.

A. Glycogen

B. Glucose

C. Lactic acid

D. Fatty acids

E. Keton bodies

5. The most rapid mechanism of ATP regeneration in case of intensive physical load in muscles is the next:

A. Generation of ATP from creatinphosphate

B. Aerobic glycolysis

C. Glycogenolysis

D. Anaerobic glycolysis

E. Oxidation of triglycerides
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