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THE EFFECT OF ACUTE SOMATIC PAIN ON THE KILLING ACTIVITY OF NEUTROPHILS
IN NEWBORN RATS
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The immune system is subject to all sorts of influences. Pain is one of them, accompanying an organism’s existence. It is essential to be aware of and account
for age-related characteristics of the innate immunity in order to adequately assess their dynamics in ontogenesis. The literature is scarce on the changes to the
killing activity of neutrophils occurring in newborns in response to acute pain. The aim of this study was to detect potential changes to the phagocytic activity of
neutrophils in response to an algogenic stimulus in newborn rats. The experiments were carried out in 3-5-day-old rats. Two groups were formed: the control group
and the main group, in which acute pain was modelled. Blood samples were collected 2, 30-60 and 120-180 minutes after exposure to the algogenic stimulus.
The microbicidal activity of neutrophils was measured using a spectrophotometric modification of the spontaneous/stimulated nitroblue tetrazolium (NBT) reduction test.
The results were compared using the Mann-Whitney U test. In the first hour following pain modeling, the stimulated NBT reduction test demonstrated an increase
in the measured parameters from 71.5 to 87.4 a.u. (p < 0.001); the spontaneous NBT reduction test showed an increase from 50.7 to 58.6 a.u. (p < 0.01) 30 to
60 min after exposure. The most pronounced change of the microbicidal activity coefficient was observed 2 min after pain modeling, increasing from 1.40to 1.72 a.u
(o < 0.001). By the end of the experiment, the measured parameters approximated their initial values. During the analysis, we accounted for the fact that the
neutrophil response to the algogenic stimulus was unfolding in the setting of microbial colonization occurring in newborns.
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BJINAHNE OCTPOW COMATUYECKOW BOJIN HA KUNJIMHIOBYO AKTUBHOCTb
HEUTPO®WJTIOB HOBOPOXXAEHHbIX KPbIC

B. B. Anekcees' = A. X. Kape?

" POCTOBCKMIA rocyAapCTBEHHbI MEANLMHCKUIA yHUBEpcuTeT, PocToB-Ha-[oHy, Poccus
2 KybaHCKuii rocyAapCTBEHHbI MeanUUHCKIIA yHBepcuTeT, KpacHogap, Poccus

VIMMyHHas cuctema npeTepneBaeT BAMSHUA Pasn4Hor npupodpel. OanH 13 (hakTopoB, COMPOBOXKAAIOLLMX »KMSHEAEATENbHOCTb OpraHnama, — 60Mb. 3HaTb 1
YYUTBIBATH BO3PACTHbIE OCOHBEHHOCTU (DAKTOPOB BPOXAEHHOTO UMMYHUTETE HEOOXOAMMO [N aleKBATHOW OLEHKN U3MEHEHUS X MapaMeTPOB B OHTOreHe3e.
B nuTepaTypHbIX UCTOYHMKAX HEAOCTaTOYHO AaHHbIX 06 OCOBEHHOCTSAX U3MEHEHWS KUMMHIOBOW aKTUBHOCTY HEMTPO(UAOB B OTBET Ha OCTpyto 60fb
Yy HOBOPOXAEHHbIX. Llenpto paboTbl 6bI0 BbIABUTL M3MEHEHNS (haroLMTapHON akTUBHOCTU HEATPOMUIOB B OTBET Ha KPATKOCPOYHbIN aNroreHHbI CTUMYN
Y HOBOPOXAEHHbBIX KPbIC. OKCMNEPVMEHT MpoBOoamn Ha 3-5-AHEBHbIX KpbicATax. Bbimm chopmmpoBaHbl ABe rpynnbl: KOHTPOMbHAA U 9KCNepUMeHTaNnbHas ¢
MOAENMPOBaHEM OCTPOrO anroreHHoro Bo3aencTaus. ocne MoaenMpoBaHns ocyLLEeCTBASNN 3abop MaTepuana Yepes 2, 30-60, 120-180 muH. [ns oueHKn
MVKPOOULIMAHOW aKTUBHOCTU HEATPOMUIOB MCMONB30BAIM CMOHTAaHHBIA 1 CTUMYIMPOBAHHbIN METOAbI aBTOMATU3MPOBAHHOMO Yy4YeTa TecTa C HUTPOCKHUM
TeTpasonnem (HCT-Tecta). CpaBHeHve JaHHbIX MPOBOANM Ha ocHoBe U-Kputepust MaHHa—YuTHU. Habnopani nosbilleHne 3Ha4eHnin cnoHTaHHoro HCT-Tecta ¢
50,7 0o 58,6 y. enl. 4epes 30-60 MuH (p < 0,01), a Takxke cTumynmposaHHoro HCT-Tectac 71,5 o 87,4 y. ef. (p < 0,001) B Te4eHme NepBOro Yaca sKCrnepuMeHTa.
MakcManbHO BbIP&XKEHHOE N3MEHEHNE KOIMMLIMEHTa MUKPOOULMAHOCTN Habmofamm Yepesd 2 MuH ¢ 1,40 go 1,72 y. en. (o < 0,001). K KOHLYy aKcneprMeHTa
riokazarenv NpPUeIMXKaNMCh K MCXOAHBIM 3HadeHnsM. [py aHanmae pesynsTaToB yHUThIBaM, YTO HOBOPOXAEHHbIE KPbICHTA UCTIbITLIBAIOT BAVISIHNE CO CTOPOHbI
MVKPOOHOM KONOHM3aLmK, Ha (hOHE KOTOPOW pa3BepTbIBAETCS PeaKLs HEMTPOMUIOB Ha anroreHHoe pasapaxeHue.
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BnarogapHocTtu: B. I OBCAHHMKOBY, 3aBefytoLLeMy kadenpoi natonorndeckoin dusmnonorim PoctI MY n A. E. BoitdeHko, npodeccopy kadenpbl NaTonormyeckom
hraronorm 3a LeHHble naen 1 Kputudeckne 3amedaHns. V. A. AbosiHy, rasHoMy Bpady KL «3nopoBbe» 3a NpefocTaBneHHy0 BO3MOXXHOCTb MCMONb30BaTh
obopynoBaHne nabopaTopuin.

Bknap aBTopoBs: B. B. AnekceeB — NpoBefeHNEe SKCNepMEHTANIbHOM 1 aHaUTUHECKON YaCT NCCNeaoBanHns, aHan3 1 MHTEpPNpeTauUmns 4aHHbIX, HanMcanue
pykonvicy; A. X. Kafe — paspaboTka KOHLenuumn 1 ayaariHa, NpoBepka NHTENNEKTYaNIbHOrO COAEPXKaHMS, OKOHYaTENbHOE PefaKTMpOBaHme.

CobniogeHne 3aTU4eCcKnX CTaH[ApToB: 1CCnenoBaHne ofobpeHo aTuHeckM kommutetoM PocTl MY (npotokon Ne 20/17 oT 23 Hosbpst 2017 ).

<] Ans koppecnoHaeHummn: Anexkcees Bnagnmmnp Badecnasosnd
nep. HaxnyesaHckun, a. 29, r. Poctos-Ha-LoHy, 344022; alexeev911@gmail.com

Cratbsi nonyyeHa: 17.12.2019 CtaTtbsa npuHaATa K nedatu: 07.01.2020 Ony6nukoBaHa oHnaiiH: 20.01.2020

DOI: 10.24075/vrgmu.2020.002

BULLETIN OF RSMU | 1, 2020 | VESTNIKRGMU.RU 61




OPUTMHAJIbHOE UCCJIEQOBAHNE | NMATO®U3NOJIOINA

There is a large body of evidence that immune responses can
be elicited by stimuli other than antigens, including stress [1, 2],
infrared light [3], LED light [4], magnetic fields [5], narcotic
drugs [6], overtraining [7], etc. On this list, pain should not be
an exception.

Alexeeva NS has convincingly demonstrated that neutrophils
are involved in the acute algogenic process in adult rats. The
reaction she observed was very pronounced but short-lived,
which enabled her to define a functional mobilization syndrome
in neutrophils primed for effective phagocytosis in case if
exposure to a pain-evoking stimulus will escalate into tissue
damage, infection, etc. [8].

There are grounds to believe that exposure of newborn
rats to an algogenic stimulus will induce a complex of immune
reactions, including changes to the phagocytic activity of
neutrophils. Among all innate immunity factors, neutrophils have
been shown to be the most sensitive to changes occurring in
the intrauterine environment and after birth [9].

We searched the available literature for the effects of acute
pain on the kiling activity of neutrophils in newborn rats but
found no relevant information. So, the aim of this study was to
detect possible changes in the phagocytic activity of neutrophils
in newborn rats in response to an algogenic stimulus.

METHODS

The study was carried out in newborn 3-5-day-old albino
rats with an average weight of 12 to 14 g. The animals were
born and housed in standard facilities under a 12:12 light:dark
cycle at a comfortable temperature of about 24 °C. The sex
of the animals was not factored into. The experiments were
conducted in the summer.

Functional activity of neutrophils was tested in 32
experiments. The animals were divided into two unequal groups:
the main group (n = 24) and the control group (n = 8). In the
main group, acute pain was modelled by applying an electric
stimulus to the skin at the tail base. The intensity of the stimulus
was 3 to 4 points on the Waldman-Vasiliev scale modified by
Ovsyannikov [10]. Exposure duration was 2 minutes.

After acute somatic pain modeling, the animals were
decapitated. Blood samples were collected into test tubes
containing 100 u/ml heparin 2, 30-60, 120-180 min after the

experiment. Blood was diluted 1:2 with Hanks’ balanced salts
solution (PanEco; Russia). Then, the samples were centrifuged
with a Ficoll-Verographin density gradient (1.083 g/ml) for
45 min at 1,500 rpm. Microbicidal activity of neutrophils was
measured using a spectrophotometric modification of the
test of spontaneous/endotoxin-induced nitroblue tetrazolium
(NBT) reduction [11]. The test is based on the ability of almost
colorless NBT to be reduced by oxygen radicals to deep blue
diformazan.

Fifty pl of 0.5% NBT solution were added to each microplate
well containing the cell suspension. For the spontaneous
reduction test, 50 pl of PBS (pH = 7.0) were added to the even
rows of the microplate. For endotoxin-stimulated reduction,
50 pl of 0.1% latex solution with particle size of 1.5 pm (PanEco;
Russia) were added to the odd rows. Then the microplate was
incubated in an incubator for 24 min at 37 °C. The microplate
was read in a Multiskan Sky spectrophotometer (THERMO
FISHER SCIENTIFIC; USA) at 540 nm. Mean optical density was
measured in 4 wells (2 for the spontaneous reduction test and
2 for the stimulated reduction test). The results were expressed
as arbitrary units (1 a.u. = 1,000 optical density units). Then,
the microbicidal activity coefficient (MAC) was calculated by
dividing the mean optical density in the stimulated-reduction
wells by the mean optical density in the spontaneous-reduction
wells.

Statistical analysis was conducted in Microsoft Office Excel
2010 Pro (Microsoft; USA), STATISTICA 10.0 (Statsoft; USA).
We tested the normality of quantitative data distribution using
the Lilliefors-corrected Kolmogorov-Smirnov and Shapiro—
Wilk tests; calculated median values (Me), the upper and
lower quantiles (Q,,,, Q,,¢), the minimum (Min) to maximum
(Max) value range for the data that did not fit into the normal
distribution; compared the data using the Mann-Whitney U
test. The critical level of significance (p) was assumed to be
0.05. The results are presented in this work as Me [Q, ,.; Q
(Min—-Max).

0.25; 0.75]

RESULTS

The spontaneous NBT reduction test produced the following
results in the control group of newborn rats: Me @ NBT = 50.7 a.u.
[Q,,. =493 au.; Q... =52.7 a.u], Min = 48.9 a.u. and Max =
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Fig. 1. Dynamics of the spontaneous NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between

the main group and the control animals (p < 0.05)
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57.1 a.u. In the main group, Me _ ., reached 51.4 a.u.
[Q,,s = 48.8 a.u,; o,,, = 54.1 aul], Min was 41.9 a.u. and
Max was 59.1 a.u. 2 minutes after the algogenic stimulus
was applied. In the first hour after exposure, Me o naT Was
58.6a.u.[Q,, =57.0a.u,;Q,,, =60.5a.u.], Min was 52.1 a.u.
and Max was 61.3 a.u. In the third hour of observation, Me
equaled 46.9 a.u. [Q,,, = 43.3 a.u; Q
41.6 a.u. and Max was 51.1 a.u.
Statistical analysis revealed that algogenic stimulation
was activating spontaneous NBT reduction. The differences
were significant between the control and the main group and
also between the initial response to electrical stimulation
and the response recorded 30-60 min after it (o < 0.01).
Median values yielded by the experiment demonstrate that
distribution between the upper and lower quantiles was
even; the upper quantile approximated the maximum peak
value in the sample. It should be noted that the observed

sp NBT

s = 49.8 a.u.], Min was
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reaction was short-lasting and quickly depletable. Two hours
after pain modeling, the median values of the spontaneous
NBT reduction test were lower than in the control group
(o = 0.05) (Fig. 1).

The stimulated NBT reduction test produced the following
results in the control group: Me _ o = 71.5a.u. [Q . = 68.0 a.u,;
Q,,s=73.4a.u.], Min=67.2a.u.,, Max = 76.5 a.u. These values
were higher than in the spontaneous reduction test.

Immediately after algogenic stimulation, all parameters of
the stimulated NBT reduction test started to grow, indicating
that neutrophils were highly primed to ward off a potential
microbial attack. Specifically, Me .. was 90.4 a.u. (p < 0.001)
[Q,,s=87.8a.u,; Q,,.,=93.0 a.u], Min was 84.8 a.u. and Max
was 96.3 a.u. Neutrophils retained a high level of microbicidal
activity for an hour following exposure to the stimulus: Me
87.4au. (p<0.001)[Q,,,=788au;Q
77.6 a.u. and Max = 93.0 a.u.

StNBT —

= 89.9 a.ul, Min =

0,75

Dynamics of the stimulated NBT reduction test

100 A
95 A T
90 A
85
80 A
75 A
70 A
65
60

55

50 T T T

*k

ke

o Median
[0 25%-75%

Control
2 min

T
30-60 min

' ' " T Min-max

120-180 min

Fig. 2. Dynamics of the stimulated NBT reduction test in newborn rats before and after exposure to the algogenic stimulus. ** — differences are significant between

the main group and the control animals (p < 0.05)
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Fig. 3. Dynamics of the microbicidal activity coefficient in newborn rats before and after exposure to the algogenic stimulus.** — differences are significant between

the main group and the control animals (p < 0.05)
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Similar to the spontaneous NBT reduction test, 2 hours after
pain modeling microbicidal activity reserves were depleted.
Me g declined to 64.5 a.u. (o < 0.09) [Q, ,; = 57.2 a.u,; Q. =
66.9 a.u.], Min decreased to 54.8 a.u. and Max was 74.1 a.u.
(Fig. 2).

Knowing that the modified NBT test reflects the metabolic
activity of neutrophils, specifically the oxygen-dependent
mechanisms underlying their microbicidal effect, we should
consider the opinion of its developers about the killing effect
of neutrophils being best described by the microbial activity
coefficient [12]; the coefficient is calculated by dividing the
value of the stimulated NBT reduction test by the value of the
spontaneous NBT reduction test. Me ..., = 1.40 a.u. [Q_
=133 au,;Q,,,=145au], Min=1.26a.u., Max=1.47 a.u.

Two minutes after algogenic stimulation, MAC was
significantly increased relative to the control value: Me . =
1.72au. (p<0.001)[Q,,, =1.68au.; Q,,, =1.80 a.ul], Min =
1.68 a.u.,, Max =2.19 a.u.

In the first hour after exposure, MAC was declining but was
still above the values demonstrated by the control group: Me . =
149au.[Q ,,=144au,;Q, =151 aul, Min=132au, Max =
1.53 a.u.

By the end of the experiment, MAC did not differ significantly
from the control values: Me .. = 1.34 a.u. [Q,,, = 1.30 a.u;
Q... =1.41aul], Min=1.28 a.u., Max = 1.47 a.u. (Fig. 3).

0.75

0.25

0.75

DISCUSSION

A theoretical framework for understanding the impact of acute
somatic pain on the phagocytic activity of neutrophils can
only be developed in the context of neuro-immuno-endocrine
interactions. Today, there is no doubt that neurogenic, endocrine
and immune mechanisms all contribute to maintaining the
body’s homeostasis. The pathogenesis of pain or at least its
initial stage is similar to the unfolding of stress. Stress is not
always caused by pain but acute pain is always a stress,
which is why stress hormones, specifically catecholamines, are
synthesized in response to an algogenic stimulus. The model
used in this study was previously exploited to demonstrate
that 2 min after applying an algogenic stimulus, adrenalin and
noradrenaline levels, whose ratio is age-dependent, increased
in peripheral blood [12].

In another study, the electrophysiological analysis revealed
that excitation of nociceptors and signal transmission via the
ascending pathways led to the activation of brain structures
involved in the control of involuntary functions, the hypothalamus
in the first place, and synchronized with the activation of
neutrophil granulocytes [13].

Apart from neurogenic noradrenaline, the adrenal medulla
releases adrenaline and noradrenaline into the bloodstream.
These hormones ultimately find their targets and the subsequent
events follow a typical stress scenario. Neutrophils are one
of such targets; they were shown express both a- and

References

1. Garkavi LKh, Ukolova MA, Kvakina EB. Zakonomemost' razvitiya
kachestvenno otlichayushchikhsya obshchikh nespetsificheskikh
adaptatsionnykh reaktsiy organizma. Nauchnoe otkrytie Ne 158 ot
3.10.1969. Russian.

2. Shilova YuA, Shilov DYu, Shilov Yul. Vliyanie stressa na aktivnost'
leykotsitov perifericheskoy krovi. Uspekhi sovremennogo
estestvoznaniya. 2010; (7): 54-5. Russian.

B- adrenergic receptors [14], which was later confirmed by another
study [15]. In our experiments, we observed an increase in
the phagocytic activity by the end of the first hour following
exposure to the stimulus (in the spontaneous NBT reduction
test); in the stimulated NBT reduction test, the phagocytic
activity started to increase by minute 2 following pain induction.
But by the end of the experiment the phagocytic activity had
been restored to the initial level. This can be explained by the
activation of beta-adrenoreceptors of neutrophils [16]. Also, it is
important to remember that stress is accompanied by elevated
production of glucocorticoids that inhibit the functional activity
of neutrophils [17].

The obtained MAC values suggest that neutrophils of
newborn rats can exert killing activity [11, 18].

We have shown that algogenic stimulation leads to both
spontaneous and stimulated NBT reduction, as well as to
an increase in the kiling activity of neutrophils, which, on
the surface, seems to be inconsistent with the conventional
concept of functional immaturity of phagocytes in newborns.

One of possible explanations for our findings might lie in the
acknowledgement of the early formed capacity of neutrophils
to produce a superoxide [19] when their protective potential is
reduced [20].

In the neonatal period, the organism of the newborn,
including skin, mucosal lining, gastrointestinal and genitourinary
tracts and lungs, is actively colonized by microbiota. This
process is short-lasting and intense. Although this fact has long
entered textbooks, it is still explored in the academic literature
from different perspectives [21-23]. But one opinion that is
held firm is that an intense antigen load cannot but mobilize
the factors of immune defense, still allowing for the fact that the
mechanisms of adaptive immunity are immature at the time the
child is born. One should agree that innate immunity factors in
general and neutrophils in particular (as the most labile cells)
play a key role in the first-line defense in the neonatal period.
The discovery of the bacterial translocation corroborates this
hypothesis [24].

Thus, on the one hand, the innate immunity of newborns is
stimulated by microbial colonization and, on the other hand, acts
as a background for the unfolding response to a different non-
antigen stimulus, which in our case was an algogenic stimulus.

CONCLUSIONS

1. The Killing activity of neutrophils is initiated and enhanced in
response to an acute algogenic stimulus. 2. In newborn rats, an
antimicrobial response to short-term acute pain demonstrated
by neutrophils is short-lived and quickly depletable. 3. The results
of this study broaden our knowledge of metabolic activity of
neutrophils in response to acute pain in newborns. Our findings
can be used in pain research, for adequate assessment of
changes occurring in ontogenesis and for prevention of adverse
effects pain can have.

3. Zhevago NA, Samoilova KA, Obolenskaya KD. The regulatory
effect of polychromatic (visible and infrared) light on human
humoral immunity. Photochemical & Photobiological Sciences.
2004; 3 (1): 102-8.

4. Ogneva Ol, Osikov MV, Gizinger OA, Fedosov AA. Mekhanizm
izmeneniya immunnogo statusa pri  eksperimental'nom
desinkhronoze v usloviyakh svetodiodnogo osveshcheniya.

BECTHVK PIrMY | 1, 2020 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | PATHOPHYSIOLOGY

10.

11.

12.

13.

14.

Sovremennye problemy nauki i obrazovaniya. 2015; (3): 184.
Russian.

Zyuzya EV, Kalutskiy PV, lvanov AV. Vliyanie sochetannogo
primeneniya krovezamenitelya perftoran i antibiotika tsefataksim
na sostoyanie immunologicheskikh pokazatey perifericheskoy
krovi v usloviyakh modelirovaniya infitsirovannoy rany i
vozdeystviya na organizm postoyannogo magnitnogo polya.
Vestnik novykh meditsinskikh tekhnologiy. Elektronnoe izdanie.
2013; (1): 80. Russian.

Akperov EK, Tsygan VN, Stepanov AV. Sostoyanie
nespetsificheskoy rezistentnosti u lits, zloupotreblyayushchikh
narkoticheskimi  veshchestvami.  Psikhofarmakologiya i
biologicheskaya narkologiya. 2005; 5 (2): 963-5. Russian.

Bazarin KP, Savchenko AA, Kovalev VN, Lazarenko NA, Landenok AV.
Neyrosetevoe modelirovanie vliyaniya faktorov sportivnoy
deyatel'nosti na funktsional'nuyu aktivnost' neytrofilov krovi u
kvalifitsirovannykh sportsmenov. Acta Biomedica Scientifica.
2017; 2 (114): 62-8. Russian.

Alekseeva NS. Mekhanizmy izmeneniya fagotsitarnoy aktivnosti
leykotsitov pri ostroy vistseral'noy boli [dissertatsiya]. Rostov-na-
Donu, 2008. Russian.

Abramova MV. Faktory vrozhdennogo immuniteta u samok krys
i ikh potomstva pri normal'nykh rodakh i bolevoy stimulyatsii
[dissertatsiya]. Rostov-na-Donu, 2019. Russian.

Ovsyannikov VG. Ocherki patofiziologii boli. Rostov-na-Donu:
Tsvetnaya pechat', 2003; 148 s. Russian.

Kiseleva EP, Polevshchikov AV. Metod avtomatizirovannogo
ucheta NST-testa. Klinicheskaya laboratornaya diagnostika.
1994; (4): 27-9. Russian.

Zajnab AM. Vozrastnye osobennosti monoaminergicheskoj reakcii
pri ostroj boli [dissertacija]. Rostov-na-Donu, 1995. Russian.
Stepanova ES. Vlijanie pereohlazhdenija na funkcional'nuju
aktivnost' lejkocitov [dissertacija). Syktyvkar, 2010. Russian.
Heumann D, Visher TL. Immunomodulation by alpha2-
macroglobulin and alpha2-macroglobulin proteinase complexes:
the effect on the T lymphocyte response. Eur J Immunol. 1988;
(18): 755.

JNutepatypa

1.

Fapkaswu J1. X., Ykonosa M. A., KeakunHa E. B. 3akoHOMepHOCTb
Pa3BUTNSE KQHYECTBEHHO OT/IMHAOLLIMXCS OBLLMX HeCNeLmMdUHECKIX
afanTaumMoHHbIX peakLmi opraHnama. HayyuHoe otkpbitre Ne 158
oT 3.10.1969.

LLnnoga tO. A., LLnnos . 1O., LLwunos tO. V. BnuaHne ctpecca
Ha aKTMBHOCTb NEMKOLUMTOB NepuEepnHEcKon KpoBu. Ycnexn
COBPEMEHHOrO ecTecTBO3HaHus. 2010; (7): 54-55.

Zhevago NA, Samoilova KA, Obolenskaya KD. The regulatory
effect of polychromatic (visible and infrared) light on human
humoral immunity. Photochemical & Photobiological Sciences.
2004; 3 (1): 102-8.

OrHesa O. ., OcukoB M. B., TusmHrep O. A., ®epocos A. A.
MexaHn3m N3MEHEeHA NMMYHHOIO cTatyca npwu
IKCMEPUMEHTASIBHOM AECUHXPOHO3E B YCNOBUSAX CBETOAVOAHOIO
ocBelleHvs. CoBpemMeHHble Npobnemsl Haykn 1 0bpasoBaHUs.
2015; (3): 184.

334 E. B., Kanyukuia . B., ViBaHos A. B. BnnsHue covetaHHoro
NPUMEHEHNSA KPOBe3amMeHUTeNst nepdropaH 1 aHTMObnoTMKa
LehaTtakCM Ha COCTOSHME VIMMYHOMIOTMYECKNX MoKasaTen
nepudepryeckon  KpoBM B YCNOBUSIX  MOLENMPOBAHMA
NH(OUUMPOBAHHOW  paHbl M BO3LAEWCTBUSA Ha  OpraHusm
MNOCTOAHHOIO MarHUTHOrO Mons. BeCTHMK HOBbIX MEOVLMHCKNX
TEXHONOMMN. DNeKTpoHHoe naganHme. 2013; (1): 80.

Aknepoe 3. K., UpiraH B. H., Ctenanos A. B. CoctosHune
Hecneumu4eCcKon PE3UCTEHTHOCTA Y L, 3M10YNOTPEONSAOLLIAX
HapKoTU4eCKMMK  BellecTBamn.  [lcuxoapmakonorua  u
Bronornyeckas Hapkosorus. 2005; 5 (2): 963-5.

BazapuH K. 1., CasyeHko A. A., Kosanes B. H., Jlazaperko H. A.,
NaHpéHok A. B. HelpoceTteBoe MoOOeNMpOBaHME BANAHUS
(haKTOPOB CMOPTUBHOM LEATENbHOCTN Ha (PYHKLMOHANBHYIO
aKTMBHOCTb HEUTPOMUIOB KPOBMU Y KBaNMMOULMPOBAHHbLIX

BULLETIN OF RSMU | 1, 2020 | VESTNIKRGMU.RU

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10.

11.

12.

13.

14.

15.

16.

17.

Nicholls AJ, Wen Wen S, Hall P, Hickey MJ, Wong CHY. Activation
of the sympathetic nervous system modulates neutrophil function.
J Leukoc Biol. 2018; (103): 295-309.

Kachina Il, Shilov DYu, Shilov Yul. Vlijanie agonista beta-
adrenoreceptorov  geksoprenalina sul'fata in  vitro na
fagocitarnuju aktivnost' nejtrofilov perifericheskoj krovi zdorovyh
liudej. Mezhdunarodnyj zhurnal prikladnyh i fundamental'nyh
issledovanij. 2012; (1): 72-3. Russian.

Kolesnikova NV, Nesterova IV, Chudilova GA. Rannie i otdalennye
jeffekty vlijanija jekzogennogo gidrokortizona na sistemu
nejtrofil'nyh granulocitov laboratornyh myshej. Gematologija i
transfuziologija. 1999; 44 (5): 36-40. Russian.

Zinkin VYu, Godkov MA. Sposob kolichestvennoy otsenki
kislorodzavisimogo metabolizma neytrofil'nykh granulotsitov
cheloveka. Klinicheskaya laboratornaya diagnostika. 2004; (8):
26-9. Russian.

Chirkin AA. Biokhimiya s osnovami gennoy inzhenerii: ucheb.
posobie. Vitebsk: UO "VGU im. P. M. Masherova", 2010; 182 s.
Russian.

Klimenko NA, Shelest MA. Funktsional'naya aktivnost' neytrofilov
perifericheskoy krovi pri khronicheskom bronkhite. Nauchnye
vedomosti Belgorodskogo gosudarstvennogo universiteta. Seriya:
Meditsina. Farmatsiya. 2013; 11 (154); Vypusk 22: 129-31. Russian.
Zhelnina TP, Brezhneva NI, Osyaev NYu. Analiz struktury mikroflory
novorozhdennykh. Infektsiya i immunitet. 2016; 6 (3): 26. Russian.
Belyaeva |IA, Bombardirova EP, Mitish MD, Potekhina TV,
Kharitonova NA. Ontogenez i dizontogenez mikrobioty
kishechnika u detey rannego vozrasta: triggernyy mekhanizm
narusheniy detskogo zdorov'ya. Voprosy sovremennoy pediatrii.
2017; 16 (1): 29-38. Russian.

Nikolaeva IV, Tsaregorodtsev AD, Shaykhieva GS. Formirovanie
kishechnoy mikrobioty rebenka i faktory, vliyayushchie na etot
protsess. Rossiyskiy vestnik perinatologii i pediatrii. 2018; 63 (3):
13-8. Russian.

Nikitenko NI, Zakharov VV, Borodin AV. Rol' translokatsii bakteriy v
patogeneze khirurgicheskoy infektsii. Khirurgiya. 2001; (2): 63-6.
Russian.

cnoptcmeHoB. Acta Biomedica Scientifica. 2017; 2 (114): 62-8.
AnekceeBa H. C. MexaHu3Mbl M3MeHeHUs daroumutTapHom
AKTUBHOCTX NENKOLMTOB MPU OCTPOW BUCLIEpanbHON 60am
[amccepTauwst). Poctos-Ha-[oHy, 2008.

Abpamosa M. B. ®akTopbl BPOXOEHHOIO UMMYHUTETA Yy CaMOK
KPbIC M MX MOTOMCTBa MpW HOpPMasbHbIX poaax 1 60neBow
cTumynaumn [gucceptauns). Poctos-Ha-[ony, 2019.
OscsaHHMKoB B. I O4depkn natodmsmonorum 6onm. PocTtos-Ha-
[oHy: LiseTHas nedatb, 2003; 148 c.

Kncenesa E. IM., MNoneslymkos A. B. MeTog aBTOMaTn3anpoBaHHOro
yyeta HCT-Tecta. KnuHudeckaa nabopatopHas AnarHOCTUKa.
1994, (4): 27-9.

3anHab A. M. Bo3pacTHble 0COBEHHOCTN MOHOAMUHEPINHECKON
peaxkLymn npu ocTpon 6onn [ouccepTaums]. Poctos-Ha-[oHy: 1995.
CrenaHosa E. C. BnvsHre nepeoxnaxxaeHns Ha yHKLMOHATbHYO
AKTVBHOCTb NenkoumToB [auccepTtaums]. CoikTbiBkap, 2010.
Heumann D, Visher TL. Immunomodulation by alpha2-
macroglobulin and alpha2-macroglobulin proteinase complexes:
the effect on the T lymphocyte response. Eur J Immunol. 1988;
(18): 755.

Nicholls AJ, Wen Wen S, Hall P, Hickey MJ, Wong CHY. Activation
of the sympathetic nervous system modulates neutrophil function.
J Leukoc Biol. 2018; (103): 295-309.

KavnHa 1. ., WWnnos . tO., LWwunos FO. . BnuaHne aroHncta
BeTa-anpeHopeLLenTOpOB rekConpeHanHa cynbdara in vitro Ha
harounTapHyd aKTUBHOCTb HEUTPOMUIOB nepudepmnyeckon
KPOBW 300POBbIX Nitofder. MexxayHapoaHbI XXypHaN MPUKNaaHbIX
1 pyHOaMeHTaNbHbIX nccnegosaHnin. 2012; (1): 72-3.
Konechukosa H. B., Hecteposa V. B., Yyounosa I A. PaHHre
1N OTLANEeHHble 3 MEKTbI BANSHMA SK30reHHOrO MapOKOPTU30Ha
Ha CUCTeMy HeUTPOMUIbHbBIX FPaHyNoLUMTOB NabopaTopHbIX



18.

19.

20.

21.

OPUTMHAJIbHOE UCCJIEQOBAHNE | NMATO®U3NOJIOINA

Mbllen. ematonorus n TpaHcdysuonornda. 1999; 44 (5):
36-40.

3uHknH B. KO., TogkoB M. A. Cnocob KOnM4ecTBEHHOW
OL|EHKIN KMCOPOA3aBNCUMOro MeTabonmama HerTpoUIbHbIX
rpaHynounToB  YenoBeka.  KnnHudeckas — nabopartopHas
ovarHocTvka. 2004; (8): 26-9.

YupkuH A. A. Broxumusi ¢ 0OCHOBamu FreHHOM MHXeHepuu: y4eb.
nocobue. Butebek: YO «BIY um. . M. Maweposa», 2010; 182 c.
Knumernko H. A., LLenect M. A. ®yHKUMOHabHAS aKTUBHOCTb
HeNTPOMUIOB  MepUdEeprHECKO  KPOBM MPU  XPOHUHECKOM
BpoHxuTe. Hay4Hble BeOOMOCTV BenropofcKoro rocyaapCTBEHHOrO
yHnBepcuteta. Cepusi: MeguumHa. ®apmaupysa. 2013; 11 (154);
Bbinyck 22: 129-131.

XKenHvHa T. M., BpexxHesa H. V1., Ocses H. KO. AHanmns cTpyKTypbl

22.

23.

24.

MUKPOIOPbI HOBOPOXAEHHBIX. VHdekumns n nmmyHuteT. 2016;
6 (3): 26.

Bensesa V. A., Bombapapposa E. ., Mvmaw M. ., MotexvHa T. B.,
XaputoHosa H. A. OHTOreHe3 1 OW30HTOreHe3 MUKPOOMOTLI
KMLWEYHMKa Yy AEeTe paHHero Bo3pacTta: TPUMTepHbI MeXaHn3M
HapyLleHnn [OeTCKOro 3[0poBbdA. Bompockl COBpPEMEHHOW
neguatpun. 2017; 16 (1): 29-38.

Hukonaesa V. B., Llaperopopues A. [., Wanxvesa I C.
PopmMMpoBaHNE  KULLIEYHON  MUKPOBMOTbI  pebeHka
(hakTopbl, BAVSIOLLME Ha STOT MPOLECC. POCCUMCKUIA BECTHUK
nepuHaTtonorum 1 neanatpun. 2018; 63 (3): 13-8.

Hukutenko H. W., 3axapos B. B., BopogvH A. B. Ponb
TpaHcnokauum bakTepuin B MaToreHesde  XUpypruHeckom
nHpekmmn. Xupyprus. 2001; (2): 63-6.

BECTHVK PIrMY | 1, 2020 | VESTNIKRGMU.RU



