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Summary
The aim of the study was to study 

changes in immunological reactivity and 
biochemical processes in peripheral blood 
lymphocytes in Pakistani students under 
the action of muscle stress.

To achieve this goal, the states of the 
immune, lipid peroxidation and antioxidant 
systems and energy metabolism were 
studied in 30 students from South Asia 
under the influence of muscle stress. The 
state of cellular, humoral and nonspecific 
phagocytic immunity was determined in all 
students before and 1, 2 and 3 days after 
the stress of muscle load.

The research results show that the state 
of the immune system after muscle stress 
was characterized by phase changes in 
the parameters of cellular, humoral and 
nonspecific phagocytic immunity with a 
restoration or increase in indicators at the 
end of the observation. An increase in the 
activity of enzymes of energy metabolism 
in peripheral blood lymphocytes after 
stress of muscular load on days 2 and 3 
after ensures the processes of successful 
adaptation. The state of lipid peroxidation 
and the antioxidant system in peripheral 
blood lymphocytes under muscle stress 
reflects the stress of the organism’s adaptive 
reactions with the development of lipid 

IRSTI: 34.39.01

CHANGE OF IMMUNOLOGICAL RESISTANCE AND BIOCHEMICAL 
PROCESSES IN PERIPHERAL BLOOD LYMPHOCYTES IN ACTION 

STRESS

А.Sh. Kydyrmoldina1, B.A. Zhetpisbayev2, A.M. Utegenova3,  
E.K. Omarkhanova2, M.M. Malik3, S.S. Tyrzhanova4, L.A. Oberkulova1

1AEO «Nazarbayev Intellectual Schools», Semey, Kazakhstan
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Introduction. Immunological changes 
under the action of stress characterized by 
characteristic of immunodeficiency states. 
Increased catabolism products receptors of 
immune cells due to exposure to extreme 
factors of the region were of phase nature. 
Studies aimed at exploring the adaptation 
when exposed to adverse factors for him, 
forecasting states on the verge of normal 
and pathological conditions, allow judging 
the likelihood of disease [1].

In a complex set of adaptive processes 
occupy an important place changes the 
reaction of lipid peroxidation (LPO) 
and antioxidant status (AOP) leading to 
corresponding changes in physic-chemical 
properties of the cellular and subcellular 
membranes [2]. The ratio of lipid 
peroxidation and antioxidant protection 
is an important indicator of physiological 
resistance to the effects of stress muscular 
load, resulting in a non-physiological 
increase of lipid peroxidation [3,4]. 
Increased formation of lipid peroxidation 
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products in the body in muscle load may 
indicate a decrease in the activity of 
antioxidant systems [5]. Since the voltage 
of adaptive systems in lymphocytes is 
associated with the state of redox enzymes, 
which are the main carriers of electrons 
in the respiratory chain of mitochondria 
cells deficient energy potential associated 
reduction in the activity of intracellular 
metabolism in immunodeficiency.

The role of redox enzymes in the 
implementation of the key reactions 
of cellular metabolism determines the 
importance of their study in the metabolism 
of lymphocytes as a sensitive indicator of 
the functional state of the cells, which is 
highly informative. 

Therefore, the aim of this study was to 
investigate the changes of immunological 
reactivity and biochemical processes in the 
peripheral blood lymphocytes of Pakistan 
students under the influence of muscle 
stress loads.

Materials and methods. In this study 
surveyed 30 students Pakistanis who were 
exposed to the stress of muscular load. All 
students were determined before and after 
1, 2 and 3 days after stress muscular load 
condition cellular immunity was assessed 
by the number of total CD3 +, CD4 +, 
CD8 + and CD19 + with corresponding 
monoclonal antibodies by flow cytometer 
and mitogen-producing functions in 
response inhibition of migration, calculated 
by counting immunoregulatory index (IRI). 
Principle of the method is to attach human 
erythrocytes sensitized with monoclonal 
antibody LT, the surface of lymphocytes 
[6].

The state of humoral immunity was 
assessed by the number of CD 19 +, the 
concentration of circulating immune 
complexes (CIC) - the method of M. Digeon 
[7] as modified by Y. Hrynevych and A.N. 
Alfyorova [8], immunoglobulins of class 
A, M and G by the method of Mancini G. 
et al [9].

The non-specific phagocytic immunity 
was assessed by phagocytic activity 
polymorphonuclear. Contents phagocytic 
polymorphonuclear (neutrophils, pseudo 
eosinophiles) were determined as described 
in [10]. As of phagocytic material used 
latex. 

In lymphocytes, SDH activity was 
determined by the method [11], CCO of R.S. 
Krivchenkova [12]. DC level in the blood 
plasma was determined by the method of 
V.B Gavrilova and M. Meshkorudnoy [13], 
malondialdehyde (MDA) by the modified 
method [14] was determined SOD activity 
[15], glutathione reductase (GLR) and 
glutathione peroxidase (GLPO) [16].

The resulting digital data were 
processed by conventional methods of 
variation statistics as described in [17]. The 
comparison was performed by t-Student.

Results and discussion. Subjects’ 
changes of cellular immunity manifested 
stability of quantitative indicators and 
decreased functional activity of T-cells 
in the early stages (1 day) after exercise 
(table 1). On the second day after exercise 
dynamics of immunological parameters 
was characterized by increased numbers 
of CD4 + cells, reduced number of CD8 
+ cells, maintaining their functional 
deficiency IRML according to PHA. By the 
end of follow-up (day 3) had improvement 
of regulatory ratios by increasing the 
number of CD4 + cells and reduce the 
number of CD8 + cells, restoration of 
functional activity of T cells in their ability 
to produce MIF.

The system of humoral immunity after 
maximum load was also characterized by 
phase changes the content of immunoglobulin 
classes A and M: increasing their level in 
the early stages of the adaptation syndrome 
and the normalization in the later stages 
of observation. The IgG content was 
increased during the observation period 
with a tendency to decrease on day 3. There 
were no significant changes in absolute 
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Table 1. State of immune status after physical activity in students

Parameters Beginning
(n=30)

I day II day III day

Lymphocytes, 
abs. 7774+90 1829+89,7 2077+167,0 2064+119,0

CD3+ 42+1,2
712+28,2

40,0+0,83
730,0+31,3

40,4+1,4
806,0+57,7

36,0+1,2*
709,0+46,0

CD4+ 27+1,3
484+25

28,0+0,94
551,0+32,6

31,0+1,2*
626,6+56,3*

30,0+0,96*
610,0+40,5*

CD8+ 15+0,9
287+14,6

12,8+0,83
249,0+9,7*

10,3+1,1*
172,6+19,2**

6,8+0,78*
199,0+7,7**

Auto-RFC 70+0,4
117+6,6

7,1+0,94
135,8+9,7

8,2+0,78
210,0+28,1*

6,8+0,47
169,0+11,1*

IRML 22+1,1 13,8+1,9* 12,0+2,1* 23,6+2,3

Тh/Тs 33+0,3 2,2+0,25 3,0+0,2* 4,4+0,4*

CD19+ 15,0+1,7
282+30

17,0+0,82
320+27,1

16,6+0,9
268,5+20,4

18,5+0,78
314,0+25,2

IgA (g/l) 40+0,14 1,80+0,11* 1,750+0,22 1,45+0,13

IgM (g/l) 121+0,10 1,61+0,09* 1,80+0,21* 1,32+0,05

IgG (g/l) 10,74+0,8 13,75+0,51* 16,66+1,1* 13,47+0,45*

Phagocytos-% 39,0+1,3 37,2+0,76 37,0+1,7 42,7+0,86*

Ph/n 0,9+0,2 2,9+0,9 2,6+0,13 3,1+0,96

Note: * - significantly to the original (P <0,05), **-(P<0,01)

and relative numbers of B cells have been 
identified.

Phagocytosis indices were unchanged 
in the early stages and rose on the 3rd day 

of observation. Phagocytic number did not 
change.

The results show that the application 
of the maximum permissible exercise 

Table 2. Lipid peroxidation and antioxidant protection in Pakistanis students under 
stress muscular load

Parameters Beginning 
(n=30) 11 day 2 2 day 33 day

MDA mmol 
\ml 3,6±0,13 55±0,3** 45±0,2** 39±0,2

DC c.u.\ml 1,9±0,2 18±0,2 19±0,1 17±0,5
GLR mmol \
ml 0,26±0,05 05±0,1* 06±0,2 05±0,1*
GLPO mmol 
\ml 37,6±2,1 38±2,6 34±2.,3 50±3,6**

СОD c.u.\.ml 2,4±0,3 19±0,12 19±0,1 20±0,1

Note: * - significantly to the original (P <0,05)
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of compensation is the vector voltage 
adaptation mechanisms inherent in the 
stress response. This makes it possible 
to interpret the changes identified as 
characteristic of muscle under stress loads.

Table 2 presents the products of 
lipid peroxidation (MDA and DC) and 
antioxidant protection (GLR, GLPO, 
SOD) in the serum of the students after 
the maximum permissible exercise within 
three days of observation.

The results of these studies show the 
activation of free radical oxidation of lipids 
in the early period after the maximum 
allowable exercise, exercise increased the 
level of malondialdehyde (MDA) in the 
first 2 days of the stress response. The 
content of diene conjugates (DC) compared 
with baseline did not change throughout 
the observation period. Running a non-
enzymatic oxidation of polyunsaturated 
fatty acids of biological membranes to form 

lipid peroxidation products, apparently, 
can be associated with increased oxidative 
ability of oxygen to the body energy during 
and in the early period after exercise. Period 
of adaptation to the effects of physical 
exercise is completed normalization of 
MDA level.

Condition characterized by the activation 
of antioxidant glutathione peroxidase 
(GLPO) by the end of observation (day 3), 
glutathione-reductase (GLR) at 1 and 3 days 
after the exercise, maintaining the activity 
of superoxide dismutase (SOD) at the level 
of the source during the whole observation 
period. Saving SOD superoxide dismutation 
reaction provides anion with its conversion 
to neutral hydro peroxide (H202), which, 
in turn, with the dismutation reaction in the 
super-oxide anion source can be extremely 
dangerous hydroxyl radical. OH radical 
can oxidize at high speed any substance, 
including fatty acid membranes. Enzymes 

Table 3. Energy metabolism during exercise

Parameters Beginning 
(n=15)

1 day
(n=31)

2 day
(n=17)

3 day
(n=24)

SDH 28+0,3 7,5+0,53* 12,4+1,8** 13,5+1,0**

CCO 47,3+5,2 6,4+6,4 66,5+3,6* 48,0+5,0

Note: * - significantly to the original (P <0,05), ** - (P <0,01)

glutathione cycle (GLPO and GLR) reduce 
this danger. Thus GLPO molecules catalyze 
the destruction of hydrogen peroxide 
(reduction) by the oxidation of glutathione 
and oxidized glutathione GLR recovers.

Table 3 shows that the action of the 
muscle stress load at 1, 2 and 3 days SDH 
activity was significantly increased by 2.67, 
4.42 and 4.48 times, respectively (P <0,05). 
CCO activity increases on day 1, reaches 
a maximum on day 2 and day 3 drops to 
baseline.

The material presented here shows that 
the action of the stress of muscular activity of 
the key enzyme load of energy metabolism 

increases and reaches a maximum value at 
day 2 of observation.

Conclusion. 1. The immune system 
from stress characterized by muscular 
load phase changes of cellular, humoral 
immunity and nonspecific phagocytic with 
the restoration or increase in performance 
at the end of observation.

2. Increased enzymatic activity of 
energy metabolism in peripheral blood 
lymphocytes after muscular stress load 
2 and 3 days after successful adaptation 
provides processes.

3. The state of lipid peroxidation and 
antioxidant system in peripheral blood 
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lymphocytes during stress muscle tension 
load reflects the adaptive reactions to the 
development of lipid hyper peroxidation 
with rising energy costs.
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Стресс әсерінен перифералдық қан 
лимфоциттеріндегі биохимиялық 

үдерістер мен иммунологиялық 
резистенттілік өзгерістері

Аңдатпа
Зерттеудің мақсаты бұлшық ет 

жүктемесі әсерінен пәкістандық 
студенттердің иммунологиялық 
реактивтілігі мен биохимиялық 
процестері өзгерістерін зерттеу болып 
табылған.

Бұл мақсатқа жету үшін Оңтүс- 
тік Азиядан келген 30 студенттің 
бұлшықет жүктемесі әсерінен иммун- 
дық, липидті тотығу мен антиокси- 
данттық жүйелердің күйлері мен энер-
гия алмасуы зерттелген. Бұлшықет 
жүктемесіне дейін және 1, 2 және 3 
күннен кейін барлық зерттелушілерде 
жасушалық, гуморальды және бейар-
найы фагоцитарлық иммунитеттің 
күйі анықталған. Зерттеу нәтиже- 
лері көрсеткендей, бұлшықет жүк- 
темесінен кейінгі иммундық жүйенің 
жағдайы бақылаудың соңында көрсет- 
кіштердің қалпына келуімен немесе 
жоғарылауымен жасушалық, гумо-
ральды және фагоцитарлық имму-
нитет көрсеткіштерінің фазалық 
өзгерістерімен сипатталған. 2 және 3 
-ші күндері бұлшықет жүктемесінен 
кейін шеткі қан лимфоциттерінде 
энергия алмасу ферменттерінің белсен- 
ділігінің жоғарылауы ағзаның бейім- 
делу процестерін қамтамасыз етеді. 
Бұлшықет жүктемесінің әсерінен 
перифериялық қан лимфоциттеріндегі 
липидті асқын тотығу мен антиок- 
сиданттық жүйенің күйі энер-
гия шығындарының жоғарылауы 
жағдайында липидті гиперперок-
сидацияның дамуымен организмнің 
бейімделу реакцияларының ширығуын 
көрсетеді.

Түйінді сөздер: иммундық жүйе, 
жасушалық иммунитет, гуморальды 
иммунитет, фагоцитоз, энергия ал-
масуы, бұлшықет жүктемесі, стресс, 
бейімделу, липидтердің асқын тотығуы, 
антиоксиданттық жүйе.
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Изменение иммунологической рези-
стентности и биохимических про-

цессов в лимфоцитах периферической 
крови при действии стресса

Аннотация
Целью исследования явилось изуче-

ние изменений иммунологической реак-
тивности и биохимических процессов 
в лимфоцитах периферической крови у 
студентов-пакистанцев при действии 
стресса мышечной нагрузки.

Для реализации поставленной цели 
изучали состояния иммунной, пере-
кисного окисления липидов и антиок-
сидантной систем и энергетического 
обмена у 30 студентов из Южной Азии 
при воздействии стресса мышечной на-
грузки. У всех студентов определяли до 
и через 1, 2 и 3 сутки после стресса мы-
шечной нагрузки состояние клеточного, 
гуморального и неспецифического фаго-
цитарного звено иммунитета.

Результаты исследований показы-
вают, состояние иммунной системы 
после стресса мышечной нагрузки ха-

рактеризовалось фазными изменениями 
показателей клеточного, гуморального 
и неспецифического фагоцитарного им-
мунитета с восстановлением или повы-
шением показателей в конце наблюде-
ния.

Повышение активности ферментов 
энергетического обмена в лимфоцитах 
периферической крови после стресса 
мышечной нагрузки на 2 и 3 сутки после 
обеспечивает процессы успешной адап-
тации. 

Состояние перекисного окисления 
липидов и антиоксидантной системы в 
лимфоцитах периферической крови при 
стрессе мышечной нагрузки отражает 
напряжение адаптационных реакций 
организма с развитием липидной ги-
перпероксидации в условиях повышения 
энергетических затрат. 

Ключевые слова: иммунная система, 
клеточный иммунитет, гуморальный 
иммунитет, фагоцитоз, энергетиче-
ский обмен, мышечная нагрузка, стресс, 
адаптация, перекисное окисление липи-
дов, антиоксидантная система.


