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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

hyperperoxidation under conditions of
increased energy costs.

Key words: immune system, cellular
immunity, humoral immunity, phagocytosis,
energy metabolism, muscle load, stress,
adaptation, lipid peroxidation, antioxidant
system.

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 CDI19 + 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.
etal [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 ofR.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
phasechangesthecontentofimmunoglobulin
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 I day II day I11 day
(n=30)
ig;nphocytes’ 7774+90 1829+89.7 2077+167,0 | 2064+119,0
CD'3+ 2+1,.2 40,0+0,83 40,4+1.4 36.0+1.2%
7124282 730,0+31.3 806,0+57.7 709,0+46,0
—— 27413 28,0+0,94 31,0+1.2% 30,0+0,96
484+25 551,0+32.6 626,6+56,3* | 610,0+40,5*
— 15+0,9 12,8+0,83 10,3+1,1% 6,8+0,78*
287+14.6 249.0+9,7* 172,6+19.2%* | 199.0+7,7+*
Ao REC 70+0,4 7,1+0,94 8,240,78 6,8+0,47
117+6.6 135,849.7 210,0428,1% | 169,0+11,1*
IRML 22+1,1 13,8+1,9% 12,042,1% 23,6+2,3
Th/Ts 33+0,3 2,240,25 3,0+0,2% 4,4+0,4*
J— 15,0+1,7 17,0+0,82 16,6+0,0 18,5+0,78
282430 320+27.1 268,5+20.4 | 314,04252
IgA (/1) 40+0,14 1,80+0,11% 1,750+0,22 1,45+0,13
IeM (/1) 12140,10 1,61+0,09* 1,80+0,21* 1,3240,05
1eG (g/1) 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 3,140,96

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

and relative numbers of B cells have been of observation. Phagocytic number did not
identified. change.

Phagocytosis indices were unchanged The results show that the application
in the early stages and rose on the 3rd day of the maximum permissible exercise

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

Beginning

Parameters (n=30) 11 day 2 2 day 33 day
pDAMmOL | 360013 | 55203+ 45£02%% | 39402
DC c.u.\ml 1,9+0,2 18+0,2 19+0,1 17+0,5
OLRMMOLL T 09640,05 | 05+0,1* 06+0.2 0520, 1%
\(;JnL]PO mmol 37,6+2,1 38+2.6 34423 50+3,6%*
COD c.u\ml |  2,440,3 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 Bzgli=nln5i;l : (113;{) (igf;) (iS;Z)
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

11
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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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Cmpecc acepinen nepughepanovik Kan
aumpoyummepinoezi OuOXUMUATBIK
yoepicmep meH UMMYHONOZUATBIK,
pe3ucmenmminik e3zepicmepi

Anoamna
3epmmeyoiy makcamoi
olcykmemeci  acepiHeH
cmyoenmmepoiy UMMYHONO2UATIBIK,
peaxmugminici MeH OUOXUMUATIBIK
npoyecmepi o32epicmepin 3epmmey O01bIN
maowlIcaH.

oynublK,  em
NAKICMAaHObIK

byn maxcamxa owcemy ywin Owmyc-
mix  Asusoan «keneen 30 cmyoenmmiy
OymubiKem dHcykmemeci acepiHeHn UMMYH-
OblK, JUNUOMI MOMbIRY MeH AHMUOKCU-
OaHmmulK JicylienepOiy Kyuiepi MeH 3Hep-
eus ammacyvl 3epmmenzen. bynuwvixem
Jocykmemecine Oeuin oacone 1, 2 odncone 3
KYHHeH KelliH 6apnvlx 3epmmenyuiiiepoe
AHCACYULATIBIK, 2YMOPANbObL JHCoHE Oellap-
Hativl  hacoyumapnulx  UMMYHUMemmiy
Kyui aHublKmanzaw. 3epmmey Hamudice-
Jepi  KepcemkeHOel, OYIubIKem MHCYK-
memeciHeH KeUiHel UMMYHObIK JHCYUEeHIH
JHcazoaiivl OAKHLIAYObIH COHBIHOA KOPCem-
Kiwumepoiy KainwlHa KelyiMeH Hemece

JHCOLAPBINAYLIMEH — JCACYUANBIK,  2YMO-
Panvovl  JicoHe  hacoyumapnulk  UMMY-
Humem  Kepcemkiumepiniy  pazanvix

e32epicmepimen cunamman2au. 2 dcone 3
-wi KyHOepi OYmublKem dHcyKmemecineH
Kelin wemki Kax Jaumgoyummepinoe
9Hepeus aimacy gepmenmmepiniy 6encem-
OLNi2iHIY JICOAPBLIAYbl  AR3AHLIH  Oellim-
oeny npoyecmepin KamMmamacwvl3 emeoi.
bynwvikem  ocyxmemeciniy  acepinen
nepughepusnvlk Kam aumpoyummepinoezi
JURUOMI  ACKbIH MOMbIEY MEH AHMUOK-

CUOAGHMMUBLK, ~ JHCYUeHiH — Kyui — JHep-
Ui WBbIRBIHOAPLIHBIY — JHCO2APLLIAYbI
acagoauvlHoa — AUNUOMI  2UNEepnepoK-
CUOAYUAHBIY — OaMYbIMEH  OP2AHUBMHIK
betiimoeny peakyusiapblHblY WUPLIZYbIH
Kepcemeoi.

Tyiinoi cezoep: uMMyHObLIK Jicylie,
AHCACYWIATBIK  UMMYHUMEN, 2YMOPAIbObl
UMMyHumem, ¢hacoyumos, dHepeus ai-
macysl, OynuviKkem dHCyKmemeci, cmpecc,
Oetlimoeny, iunuomepoiy AcKblH Momvleybl,
AHMUOKCUOAHMMBIK JCYlie.
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H3menenue ummyHnonozuueckoi pezu-
CMEHMHOCMU U OUOXUMUYECKUX RPO-
ueccoe 6 rumgpoyumax nepughepuueckoii
Kpoeu npu oelicmeuu cmpecca

Annomayusn

Lenvlo uccredosanus A6uUNOCH U3yue-
HUe UBMEHEeHUll UMMYHONO02UYECKOU DeaK-
MUBHOCMU U OUOXUMUYECKUX NPOYECCO8
8 aumghoyumax nepughepuueckol Kposu y
CMYO0eHmMO8-NAKUCIAaHYe8 Npu Oeucmeuu
cmpecca MblueyHOU Ha2py3KU.

Jna peanuzayuu nocmagnenHou yenu
uzyuanu  COCMOSAHUS  UMMYHHOL, nepe-
KUCHO20 OKUCHEHUS JUNUOO8 U AHMUOK-
CUOAHMHOU CUCTeM U IHEP2emuiecKoo
oomena y 30 cmyoenmos uz IOoxcnoti A3uu
npu 8030€UCmMEUU CIMPecca MblULEeYHOU HA-
epy3ku. Y ecex cmyoenmos onpeoensiiu 00
u uyepes 1, 2 u 3 cymku nocie cmpecca mbi-
WeuHOU Ha2py3KU COCMOsIHUE KI1eMOYHO2O,
2YMOPAbHORO U Hecneyuguieckozo ¢azo-
YUMAapHO20 36€HO UMMYHUMEMA.

Pezynemamul  uccnedoseanuii  nokaswi-
8arom, CoCmosaHue UMMYHHOU CUCTeMbl
nocie cmpecca MulUeyHOU HAPY3KU Xa-

PAKmepu306a10chb GasHviMu UsMeHeHUAMU
nokazameneti Ki1emouHo20, 2YMOPAIbHO2O
u Hecneyugpuyecko2o hazoyumapHo2o um-
MYHUMEma ¢ 80CCMAaHOBIeHUEeM UTU HOBbI-
wieHuemM nokasamenei 6 KoHye HaOnle-
HUSL.

Tlosviuenue akmugHocmu gepmenmos
9Hepeemuuecko2o obmena 6 aumpoyumax
nepughepuueckou Kposu nocie cmpecca
MblUledHOU Hazpy3Ku Ha 2 u 3 cymKu nocie
obecneuusaem npoyeccvl YCHewHol aoan-
mayuu.

Cocmosnue nepekucHozo OKUCIeHUs
JIURUOO8 U AHMUOKCUOAHMHOU CUCTIEMbl 8
qumMpoyumax nepughepuyeckoi Kposu npu
cmpecce MblUeuHOU HA2Py3KU Ompaxcaem
Hanpsicenue adanmayuoHHbIX pPeaxkyutl
opeanuzma ¢ passumuem JIUNUOHOU 2uU-
nepnepoKcuOayul 8 Yclo8Uusax NOoGblULeHUs
IHepeemu4ecKux 3ampam.

Knrwouesvie cnosa: ummynnas cucmema,
KIeMOUHbIlL  UMMYHUMEM, 2YMOPAIbHbIL
UMMYHUmMem, gazoyumos, 3SHepeemuye-
CKULl 0OMeH, MblUleYHas Haspy3Ka, Cmpecc,
aoanmayus, nepeKucHoe OKUCIeHue TUnu-
008, AHMUOKCUOAHMHAS CUCTEMA.



