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Abstract. 103 healthy individuals (group I) and 62 patients with severe pulmonary 
tuberculosis (group II) were examined. The composition of fatty acids was determined using a 
biochemical method on a gas-liquid chromatograph "Cvet - 500" with a plasma ionization detector 
in isothermal mode. It was found that in healthy individuals the composition of fatty acids is 
unidirectional in plasma and erythrocytes. The analysis of researches showed disturbances of 
metabolism of higher fatty acids in plasma and erythrocytes of blood at patients with pulmonary 
tuberculosis with a severe course.  In patients with severe pulmonary tuberculosis, the composition 
of fatty acids changes unidirectionally in plasma and erythrocytes: there is a significant increase in 
the total content of saturated fatty acids on the background of reduced total content of unsaturated 
and polyunsaturated fatty acids. In patients with severe pulmonary tuberculosis, multidirectional 
changes in the level of arachidonic fatty acid were found: in erythrocyte biomembranes the content 
decreased, in blood plasma – increased (p < 0.05). 
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Topicality.  
Free radical oxidation of lipids is constantly taking place in a living organism [1, 

2, 3, 4]. Lipid peroxidation (LPO) processes occur in cytoplasmic membranes. As a 
result of enhanced LPO, the structure of membranes changes (structural and 
functional) [4], which can occur under the influence of external factors [6] and lead to 
the development of pathological processes [6, 8, 11, 15, 16, 17]. Structural elements 
of cell membranes and the main substrate of LPO processes are higher fatty acids 
(FA) [2]. Therefore, we can assume that qualitative and quantitative changes in the 
FA can be an informative test for the diagnosis of pathological processes (particularly 
in the lungs) and can characterize the metabolism of lipids in the body and their role 
in the disease. 

The most sensitive to damage lipid mediators are blood components (including 
erythrocytes) and endothelial cells. Erythrocyte membranes are extremely sensitive to 
the activation of LPO processes, which quickly and dramatically changes their 
properties. This is due to the accumulation of hydrophilic groups in the hydrophobic 
layer of the membrane, which promotes the formation of peculiar pores and disrupts 
the transport of substances across the membrane [2, 3, 4, 10]. This led us to study the 
composition of fatty acids in the blood (erythrocytes and plasma). 

The lungs are a barrier organ, and their respiratory and metabolic functions are 
closely linked to lipid metabolism. Therefore, it can be assumed that any pathological 
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processes in the lungs are a consequence of changes in their barrier functions, which 
should affect the state of membranes and their phospholipids in the human body [9]. 
The change in phospholipids should be reflected in the surfactant composition of the 
lungs and blood. Lung surfactant contains saturated and unsaturated FA. Fatty acids 
are involved in the free radical processes of lipids and regulate its surface-active 
properties. Surfactant plays an important role in maintaining lung tissue ventilation. 

The functioning of all systems and the state of the internal environment of the 
human body are interrelated, which determined the purpose of our research. 

Objective: to study and evaluate the composition of fatty acids of lipids in 
plasma and red blood cells in patients with severe pulmonary tuberculosis. 

Materials and methods. 
103 healthy individuals (group I, control) and 62 patients with pulmonary 

tuberculosis with severe course (group II) were examined. Caseous pneumonia was 
detected in patients with severe pulmonary tuberculosis (group II). 

Healthy people and patients with pulmonary tuberculosis were aged 18-65 years, 
did not smoke cigarettes and did not suffer from the consequences of the Chernobyl 
accident. 

Examinations of persons were performed at the Kyiv City TB Dispensary № 1. 
The composition of fatty acids in the blood was determined using a biochemical 

method on a gas-liquid chromatograph "Cvet - 500" with a plasma ionization detector 
in isothermal mode. The method is based on the extraction of lipids from blood 
(plasma or erythrocytes), isolation of phospholipids, methylation and gas 
chromatographic analysis of fatty acids using a gas-liquid chromatograph series " 
Cvet - 500". Quantitative assessment of the fatty acid composition of lipids in the 
blood was performed by the method of normalization of areas by determining the 
peaks of methyl esters of FA and their proportion (in %) [7, 12, 13, 14]. 

Sample preparation and gas chromatographic analysis were performed according 
to the method of L.V. Sazonenko and T.S. Bruzgina [14]. The error of the defined 
indicators was ± 10 %. 

Results and discussion. 
The results of studies in the blood of healthy individuals (group I) showed a very 

close similarity between the total content of saturated FA, the total content of 
unsaturated FA and the total content of polyunsaturated FA (PUFA) in plasma and 
erythrocytes. 

In healthy individuals (group I), the total content of saturated FA in blood 
plasma was (50.5 ± 1.6) %, in erythrocytes – (51.2 ± 1.4) %; the total content of 
unsaturated FA – (49.5 ± 1.6) % in plasma and (48.8 ± 1.4) % in erythrocytes; and 
the sum of PUFA was (33.3 ± 1.5) % in plasma and (28.4 ± 1.0) % in erythrocytes 
(Fig. 1). 

Analysis of the results of our research makes it possible to state that in a healthy 
human body there is a balanced metabolism. Balanced metabolism ensures the 
physiological functioning of the organs of all systems of the human body. At the 
balanced metabolism in plasma and erythrocytes of blood the greatest total quantity 
of saturated FA, smaller total content – unsaturated FA and the smallest quantity – 
total content of PUFA is established. Such indicators of fatty acid composition 
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indicate a reserve of essential fatty acids in healthy people, which allows you to 
maintain the balance of the internal environment in a healthy body and ensure its 
normal functioning. 
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Fig. 1. Total content of saturated, unsaturated and polyunsaturated fatty acids 
in plasma and erythrocytes in healthy individuals (group I) (in %) 

 
In healthy individuals, the similarity of the composition of individual fatty acids 

in plasma and erythrocytes is also established, which indicates the importance of 
studying them to assess lipid metabolism. 

The results of our studies noted that the composition of certain fatty acids of 
lipids in the blood in pulmonary tuberculosis with severe course (group II) has a 
unidirectional change in their content in plasma and erythrocytes. This also applies to 
the total content of saturated and unsaturated FA. 

The total level of saturated FA in patients with severe pulmonary tuberculosis 
(group II) increased: up to (77.6 ± 2.3) % in plasma and up to (80.4 ± 1.8) % in 
erythrocytes (p < 0.001). The total level of unsaturated FA in patients of group II was 
significantly reduced – up to (22.4 ± 2.3) % in plasma and up to (19.6 ± 1.8) % in 
erythrocytes (p < 0.001). The total level of PUFA in patients of group II also 
decreased – up to (14.4 ± 2.0) % in plasma and up to (12.0 ± 1.5) % in erythrocytes 
(p < 0.001) (Fig. 2). 

In plasma and erythrocytes of blood of persons of the II group decrease in the 
content of palmitic (C16:0), stearin (C18:0), oleic (C18:1) and linoleic (C18:2) FA is 
noted, the appearance of myristic (C14:0) is established, margarine (C17:0) and 
eicosotriene (C20:3) FA. 

In patients with severe course pulmonary tuberculosis (group II) there was a 
probable decrease in palmitic FA to (25.6 ± 2.0) % in plasma and up to (23.4 ± 1.8) 
% in erythrocytes (p < 0.001) at (37.1 ± 1.6) % and (33.6 ± 0.8) %, respectively, in 
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group I. These changes indicate the destruction of the lecithin fraction of 
phospholipids, as a result of a specific process in the lungs. 
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Fig. 2. Total content of saturated, unsaturated and polyunsaturated fatty 
acids in plasma and erythrocytes of blood in patients with 

pulmonary tuberculosis with severe course (group II) (in %) 
 

The content of stearin FA was also significantly reduced in patients of group II - 
up to (5.4 ± 0.5) % in plasma and up to (7.4 ± 0.8) % in erythrocytes (p < 0.001) at 
(13.4 ± 0,7) % and (17.6 ± 0.6) %, respectively, in group I. 

The formation of palmitic and stearic FA occurs in the liver. They are esterified 
into triglycerides and stored in fat depots. Then used in the composition of 
phospholipids to build cell membranes. From the blood plasma, free fatty acids 
penetrate into hepatocytes, where palmitic FA is formed. Palmitic FA is converted 
into stearic FA. 

Thus, a decrease in the level of palmitic and stearin FA in patients with severe 
pulmonary tuberculosis (group II) indicates impaired liver function. 

In patients with pulmonary tuberculosis with severe course (group II) in the 
blood appeared myristic FA (p < 0,001): (39.0 ± 3.0) % in plasma and (35.0 ± 3.0) % 
in erythrocytes and testified to significant changes in the endocrine system. 

In patients with pulmonary tuberculosis with severe course (group II) the level 
of oleic FA in plasma and erythrocytes was significantly lower (p < 0.001) than in 
healthy individuals (group I), which indicates the active participation of this fatty acid 
in LPO processes. In healthy individuals, its level in blood plasma was equal to (16.3 
± 0.5) %, in erythrocytes – (20.4 ± 0.9) %; in patients with pulmonary tuberculosis 
with severe course (group II) – respectively (8.0 ± 0.3) % and (7.7 ± 0.9) %. 

In patients with pulmonary tuberculosis with severe course (group II), the 
amount of linoleic FA was significantly reduced in both biological media – up to (8.0 



 

 Modern engineering and innovative technologies                                                                     Issue 12 / Part 5 

ISSN 2567-5273                                                                                                                                    www.moderntechno.de 69 

± 1.0) % in plasma and up to (6.3 ± 0.8) % in red blood cells (p < 0.001). In the first 
group (healthy individuals) its level was equal to (29.1 ± 0.5) % and (14.5 ± 1.1) %, 
respectively. 

Such changes in relation to linoleic FA in patients with severe course pulmonary 
tuberculosis (group II) indicated metabolic transformations of lipids - the synthesis of 
biologically active substances. Linoleic FA is a precursor of arachidonic FA. The 
amount of arachidonic FA is also significantly reduced in red blood cells (p < 0.001) 
due to the intensification of LPO in cell membranes; but its level increased in blood 
plasma. 

In patients with severe pulmonary tuberculosis (group II), multidirectional 
changes in the level of arachidonic FA were found: in erythrocyte biomembranes the 
content decreased to (2.8 ± 0.4) % (p < 0.001) at (13.9 ± 0.7) % in persons of group I, 
in blood plasma – increased to (5.2 ± 0.3) % in patients of the second group (p < 
0.05) at (3.9 ± 0.4) % in healthy persons (group I). 

In both blood media in patients with pulmonary tuberculosis with severe course 
(group II) appeared eicosotriene FA (p < 0.001) (in plasma – (1.2 ± 0.3) %, in 
erythrocytes – (2.8 ± 0.08) %), which was a compensatory response to a significant 
lack of PUFA. In healthy individuals (group I) eicosotriene FA is absent. 

Conclusions. 
Thus, in patients with severe pulmonary tuberculosis (group II) we found 

unidirectional changes in the metabolism of higher fatty acids in plasma and 
erythrocytes – increased total content of saturated FA (due to the appearance of 
myristic, pentadecan and margarine FA) and reduced unsaturated total and 
polyunsaturated FA. 

In patients with pulmonary tuberculosis with severe course (group II), 
erythrocytes are more sensitive to sex. This makes it possible to use erythrocytes to 
study lipid metabolism and to correct the treatment of patients with pulmonary 
tuberculosis. 
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Анотація. 
Актуальність. Існують труднощі у діагностиці метаболічних порушень при 

захворюваннях легень. Припускаються можливі зміни у складі жирних кислот (ЖК) крові та 
еритроцитів при захворюваннях легень. З огляду на доступність крові (як біологічного 
матеріалу) вивчення кореляцій між вмістом жирних кислот у крові та захворюваннями 
легень може мати діагностичне значення.  

Мета: вивчити та оцінити особливості складу жирних кислот ліпідів у плазмі та 
еритроцитах крові у хворих на туберкульоз легень із тяжким перебігом.  

Матеріали та методи. Обстежено 103 здорові особи (І група) та 62 хворих на 
туберкульоз легень із тяжким перебігом (ІІ група). У хворих на туберкульоз легень із 
тяжким перебігом була виявлена казеозна пневмонія. Обстежені пацієнти не курили 
цигарки і не постраждали від наслідків аварії на ЧАЕС. 

Склад жирних кислот у крові визначали за допомогою біохімічного методу на 
газорідинному хроматографі «Цвет – 500» із плазмоіонізаційним детектором в 
ізотермічному режимі.  Кількісну оцінку спектра жирних кислот ліпідів крові проводили за 
методом нормування площ шляхом визначення піків метилових ефірів ЖК та їх частки (у 
%).   

Результати. Встановлено, що у здорових осіб склад жирних кислот подібний у плазмі 
та еритроцитах крові.  

Аналіз досліджень показав порушення метаболізму вищих жирних кислот у плазмі та 
еритроцитах крові у хворих на туберкульоз легень із тяжким перебігом.  

У хворих на туберкульоз легень із тяжким перебігом склад жирних кислот змінюється 
односпрямовано у плазмі та еритроцитах крові: відмічено суттєве підвищення сумарного 
вмісту насичених жирних кислот на тлі зниженого сумарного вмісту ненасичених і 
поліненасичених жирних кислот.  

У хворих на туберкульоз легень із тяжким перебігом встановлені різноспрямовані 
зміни рівня арахідонової жирної кислоти (С20:4): у біомембранах еритроцитів вміст її 
зменшувався до (2,8 ± 0,4) % (р < 0,001) при (13,9 ± 0,7) % у здорових осіб; у плазмі крові – 
підвищувався до (5,2 ± 0,3) % (р < 0,05) при (3,9 ± 0,4) % у здорових осіб.  

Висновки. У хворих на туберкульоз легень із тяжким перебігом еритроцити є більш 
чутливими до процесів перекисного окиснення ліпідів. Це дає змогу використовувати 
еритроцити як біологічний матеріал для вивчення обміну ліпідів.  
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