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TenpeHnys K pasBUTHIO U FeHepaIU3ay UH(EKINHN Y TallneHTOB € TSKEJIO0H TePMUYECKON TPaBMOI peaii-
3YETCs 3a CYET KOMILJIEKCHOTO BJIMSIHYST TEPMUYECKO TPaBMbI Ha UMMYHHYI0 cucteMy. Ocoberno crpajiaet daro-
IUTapHAs CUCTEMA, ITPEJICTABIEHHAs, B IEPBYIO 04Yepe/ib, HeUTPO(hUIbHBIMU IPAHYJIOIUTAMU.

Iess uccaegoBanus: orpe/iesieHNe INHAMIKY U3MEeHEHHs (DYHKIIMOHAIBbHON aKTUBHOCTH HEHTPO(DUIOB y Na-
IIIEHTOB C TEPMUUECKON TPAaBMOH, a TaK’Ke ee IIPOTHOCTUYECKON 3HAUMMOCTH TIPU Pa3BUTUU THOHHO-CEIITUYECKUX
OCJIOKHEHUI 03KOTOBOI GOJIE3HU.

Marepuassi u MeTopl. DyHKIIMOHATBHYIO AKTUBHOCTD HEUTPOMUIIOB OIIEHUBAJIN HA OCHOBE CIIOHTAHHOTO 1 UH-
JYIIMPOBAHHOTO XeMIJIIOMUHECT[EHTHOTO OTBETa 1eJbHON KPOBU TIPH MOCIE0BATEIbHON cTuMyisiimu (hopGos-12-
mupucrar-13-anerarom (OMA) u N-hopmui-mernonu-neinui-penunatanuiom (GMJID). Beuio obcienosaHo
34 nanueHTa ¢ 03K0roBoii 60JIE3HBIO IPU PA3HON TSIKECTU TEUEHUS! 0KOTOBON GOJIE3HU U B IMHAMUKE HAOJIIO/ICHYS,

Pesyabrarsl. PazpaboTannas HOBasi METOIMKA ObLIA UCIIOJIb30BAHA i1 HCCJIEOBAHUS 11eJIbHON KPOBU MAllU-
€HTOB € 0KOT0BOII GOJIE3HBIO, TIOJIYYEHDI JIAaHHbIE O (DYHKIIMOHAIBHON aKTUBHOCTH HEUTPOGhUIIOB IIPK PasHOIL Ts1-
JKeCTH Tedenusi O0JIE3HN U B IMHAMUKE. B pe3ysibraTe aHainza XeMUJTIOMUHECIIEHTHBIX KPUBBIX PA3BUTHUST PECITH-
paTopHOTo B3pbIBa HEHTPOMUIOB BBIABIEHBI TIOKA3ATENN, XapaKTePUIYIOIe COCTOSTHUE NMMYHHON CHCTEMBI, a
UMEHHO: OIHO— WJIU ABYX(Da3HBII OTBET Ha CTUMYJI, Y/leJbHAsI aKTUBHOCTh HeUTpoduia «ObicTpoii hasbl», yiesb-
Hasl aKTUBHOCTH HEHUTPodUIa «MeIJIeHHOI (Has3bl».

3akimouenne. Pe3ysbraThl O3B0 BBIICTUTD TEHACHIIMN U3MEHEHUS (DYHKIIMOHAIBHON aKTUBHOCTH Heli-
TPOMUIIOB TIpK 03KOroBoil Gosie3ru. IIpeioKeHbl TMarHOCTHYeCKe U IPOrHOCTUYECKUE TTOKa3aTe i (yHKIUO-
HAJIBHON aKTHBHOCTU HEWTPOMUIIOB /IUIsI OIEHKHU TSDKECTH OOJIE3HN U TIPOTHO3a CEITHYECKOrO TPOIEcca.

Kntoueevie cnosa: XEMUTTOMUNECUCHUUSL; qbyumguouaﬂbuaﬂ AKmueHocms H@ﬁmp0¢uﬂ06; ojicozosast mpasma,
cencuc

A complex effect of thermal trauma on the immune system triggers the tendency to develop and generalize
infection in patients with severe thermal trauma. The phagocytic system, which is represented, first of all, by neu-
trophilic granulocytes, is significantly altered.

Objective: to determine the dynamics of changes in the functional activity of neutrophils in patients with thermal
trauma, as well as its prognostic significance in the development of purulent-septic complications of a burn disease.

Materials and methods. The functional activity of neutrophils was assessed by spontaneous and induced
chemiluminescence responses of whole blood sequentially stimulated with phorbol-12-myristate-13-acetate
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(PMA) and N-formyl-methionyl-leucyl-phenylalanine (fMLP). 34 patients with a burn disease of different sever-

ity were dynamically examined during observation.

Results. The newly developed technique was applied to study the responses of whole blood of patients with
burn disease to stimuli; data on the functional activity of neutrophils depending on various severities of the disease
and response dynamics were obtained. Analysis of chemiluminescent curves of the development of respiratory explo-
sion of neutrophils helped to reveal parameters of the immune system state, namely: a one— or two-phase response
to a stimulus, a «rapid phase» neutrophil specific activity, and a «slow phase» neutrophil specific activity.

Conclusion. The results revealed trends in alterations of functional activity of neutrophils in burn disease.
Diagnostic and prognostic indices of the functional activity of neutrophils for assessing the severity of the disease

and the prognosis of the septic process were suggested.

Key words: chemiluminescence, neutrophil functional activity; burn injury; sepsis

DOI:10.15360/1813-9779-2017-2-40-51

Beenenue

ITpoGiieMa JiedyeHHsT 0KOTOBO GOJIE3HU U ee
OCJIO’KHEHU He TepseT aKTyaJbHOCTH JI0 HACTOSI-
mero Bpemenu [1]. B crpykrype netanbHOCTH TSI-
JKeJO0O0DOKIKEHHBIX BeEAYyIee MECTO 3aHMMAaeT WH-
(bexmmst, mpuBOASAIIAas K Pa3BUTUIO MTHEBMOHUU U
cericrca [2]. PazBuTne u renepanusans nHQeKIun
V TSKET0000KKEHHBIX PeaJU3yeTcs 3a CUET BJIUSI-
HUS TEPMUYECKOI TPaBMbI HA UMMYHHYIO CHCTEMY;
B 0COOGEHHOCTH CcTpajaeT (haroruTapHOe 3BEHO MM-
mynurera [3—5]. Juchynkmmsa dharoruTos mposis-
JISIETCS B HAPYIIEHUN YHUUTOKEHMS OaKTepHii, n3-
MEHEHUW YPOBHS CEKpEeINU WHTEPJIECHKWHOB WU
IIUTOKMHOB Makpodaramu, akTUBAIIUN U JleTPaHy-
AU HEUTPOGUIOB ¢ Pa3BUTHEM OKUCJIUTEIHHO-
ro crpecca [6—8]. Omucannbie MexaHU3MBI 00yC-
JIaBJIMBAIOT CHUCTEMHOE TMOBpEKJeHNe TKaHell,
MIPUBOJISIIEe K PA3BUTHUIO TIOJUOPTAHHON HepocTa-
TOYHOCTHU 1 rOen TalueHTa.

[Toaromy orenka hyHKITHH (HaromTapHOTO 3Be-
Ha UMMYHUTETa IieJiecoo0pasHa Ha BCeX CTAUAX 0KO-
roBoii 6ostesnu. ITpu aToM 0c06Y10 POJIb UTPAET OIpe-
JleJileHe aKTUBHOCTU HEUTPOMPUIOB KaK KJIOUEBBIX
2(pDEeKTOPHBIX KJIETOK, OTBETCTBEHHBIX 3a Pa3BUTHE
BOCHAJIEHWS] U THOWHO-CENITUYECKUX OCJOKHEHUI
pu 05k0roBoit 6osesrn [1—3]. BoisiBiieHue HelTpo-
(brrbHOI TUCHYHKITN TTO3BOJIUT CBOEBPEMEHHO TTPO-
THO3UPOBATh T€UEHHE 0KOTOBON OOJIE3HN U PasBUTHE
THOWHO-CENTUYECKNX ocJioskHenHnit [9—11].

Cy1iecTByer 1eJIblil PsiJi METOVK OIlEHKH Gak-
tTeputuHocTH HenTpoduios [12, 13]. BomapmmaCcT-
BO M3 HUX WJIH TPYAOEMKH, WIH CYOBEKTUBHBI, UYTO
UCKJII0YaeT UX UCTI0Jb30BaHNE B KAUeCTBE CKPIHIH-
TOBBIX TE€CTOB IIPU UCCIIEAOBAHUM OOJIBIINX KOHTHH-
reHTOB OOJIBHBIX WJIM MOCTPaAaBIIMX. B KiumHUYeC-
KUX HKCHEPUMEHTATBHBIX HMCCAEIOBAHUIX YaCTO
HCTIOTb3YeTCsT MeTol XeMumioMuHectieHTHOTo (XJT)
ananuza metirtpodusos |14, 15]. Takoit moaxox mos-
BOJISIET PETUCTPUPOBATH KJIETOUHYIO aKTHBAIUIO B
[polriecce ee PasBUTHs; OH 06J1a1aeT BICOKOI 4yBCT-
BUTEJBHOCTBIO M UCKJIIOUaeT CyObheKTUBHBIN (hakTop
paboThl orepaTopa. ABTOpaMu paHee pazpaboTaH HO-
BBIH Tmoaxon XJI-anamm3a 1ebHON KPOBU, OCHOBAH-
HBII Ha aKTHUBAIUW HEUTPODUIOB TOCIEI0BATENb-

Introduction

Treating the burn disease and its complications
remains a current task [1]. In the lethality structure
of severely burnt, the major role belongs to an infec-
tion causing the development of sepsis and pneumo-
nia [2]. Infection in severely burnt patients develops
and generalizes thru the influence of thermal trauma
on the immune system, particularly, to the phagocyt-
ic link of immunity suffers [3—5]. Dysfunction of
phagocytes is manifested by damage and destruction
of bacteria, changes in the level of secretion of inter-
leukins and cytokines by macrophages, activation
and degranulation of neutrophils followed by the
development of oxidative stress [6—8]. The
described mechanisms cause systemic tissue damage
that results in the development of multi-organ fail-
ure and death of a patient.

Therefore, the phagocytic function of immuni-
ty should be assessed at all stages of the burn disease.
It is particularly important to determine the activity
of neutrophils as key effector cells responsible for
developing inflammation and purulent-septic com-
plications of burn disease [1—3]. The established
neutrophilic dysfunction facilitates a timely predic-
tion of the course of burn disease and development of
purulent-septic complications [9—11].

There is a number of methods for evaluating
bactericidal activity of neutrophils [12, 13]. Most of
them are either laborious or subjective, which
excludes their use as screening tests for the study of
large populations of patients or victims. In clinical
experimental studies, the method of chemilumines-
cent (CL) analysis of neutrophils is often applied
[14, 15]. This approach allows recording cellular
activation in during its development; it has a high
sensitivity and excludes the subjective factor of the
operator's work. The authors have developed a new
approach for the whole blood CL analysis based on
the activation of neutrophils by sequential applica-
tion of two stimuli, phorbol-myristate acetate
(PMA) and N-formyl-methionyl-leucyl-phenylala-
nine (fMLP), possesing different mechanisms of
action [16]. This approach involves time-dependent
registration of superoxide radical synthesis by neu-
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HBIM BHECEHWEM JIBYX CTUMYJIOB C Pa3JIMYHBIM MeXa-
HU3MOM  jleficTBUs:  (hopOOI-MUpHCTAT-aI[eTaTa
(OMA) u N-bopMuI-MeTHOHMII-TeRInI-PeHnia-
gaamaa (GMJID) [16]. ITOT MOAXOMI, UCHOIHIYIO-
LU perucTpanuio CUHTe3a CylepoKCU/-pajuKaia
HelitpodmimamMu Bo Bpemenn (kunetnmdeckas XJI),
MO3BOJIMJI TIOBBICUTH MH(MOPMATUBHOCTD METO/Ia 32
cYeT HOBOU KoJmdecTBeHHOU nH(bopMaru (yaemib-
HOU pajinKaJI-IpoLy I PYIOIell akTUBHOCTH HENTPO-
(bua, obreil pagnKaIbHONW aKTUBHOCTH HEUTPOdU-
JIOB, TIOKazaTeJeill CIIOHTAHHON aKTHBHOCTH,
mokasateJsieil CTUMYJINPOBAHHON aKTUBHOCTH, K03(-
(unmenTa akTuBaiumu, KoapduimenTa 3aTyxaHus),
a Takyke YJIY4IIUTh TOYHOCTh METO/IA 32 CUET TTOBbI-
MIEHUST BOCTTPOU3BOIMMOCTH TIpU paboTe ¢ OTHOBpe-
MEHHOH perucrpaiieil mpod B 12-KaHAJIBHOM MPH-
6ope. B macrosmieii pabote oreHeHa KIMHITIECKAS
3HAYMMOCTD 3TOTO METO/IA Y TIAINEHTOB C 0KOTOBOI
TPABMON B 3aBUCUMOCTHU OT TSI’KECTU TPABMBI, COCTO-
SIHUS W UCXO/Ia, B TOM YHCJIE U [Tl PAaHHEN JInarHoc-
THUKW THOWHO-CENTUYECKUX OCTOKHEHUIA.

Marepuan u MeTObI

B uccrenoBanuu yyactBoBasu 34 naruenTa us oT-
nesenunii oskoroBoit peannmarun HUW ckopoit momo-
mu M. H.B. Cxkmudocosckoro n Uacturyra Xupyprun
uM. A.B. Bumaesckoro. Kpurepuu BrJOYeHUs: maiu-
EHTBI C OXKOTaMHU IJIaMeHeM, Bo3pacT menee 70 ier.
Kpurepuu uckioyenus: Bospact 6osee 70 jet, OHKOJIO-
rUYyecKasi Wik reMaToJoTHYecKast aToioTust, TyOepKy-
se3, BUY-undexnusa. Cpeanuit Bospact obcienoBan-
HBIX cocTaBuJ 32,4 rojia Ipu CTaHAPTHOM OTKJIOHEHUH
11 ser (rkoapdunment Bapuanuu V=35%), 410 Xapak-
TEPU3yeT TPYIITY KaK YMEPEHHO HEOJHOPOAHYIO MO BO3-
pacty. Coornomienuie MykunHbl/skeHmuHabi=10:7. Cxe-
Ma MCCJIe/IoBaHMs npuBejiena Ha puc. 1.

Cymmaprasi miom@ans 0xkoros cocrasuiaa 10—54%
(35,2% B cpejiHeM) MOBEPXHOCTHU TeJIa, TIONIajb IyOOKNX
oxoroB — 0,5—40% (12% B cpexnem), ungexc Opanka
(D) — 10—130 (64,5 B cpeanem). Bee manuenTsr mouy-
YaJIU CTAHIAPTU30BAHHYIO TEPAITHIO.

[lrannpoBanne 1 OPraHu3aIyst IKCIIEPUMEHTA TIPOBO-
JINJTH B COOTBETCTBUY € TPEOOBAHUSMU HAIEKAIIEH KIIH-
HUYECKON npakThku. OnpesiesieHie MUHUMAJIbHOTO pa3Me-
pa BBIOOPKU TIPOBOMIIN TAKUM 00Pa3oM, YTOObI B KasKIOM
ciydae 0becrieunuTb MPUMEHUMOCTh OOBEKTHBHBIX KPUTE-
pHEB CTATHCTUYECKON MOIHOCTH M KJIWHUYECKON IPaBO-
MEPHOCTH HCCIIe0BaHUsI. BbIOOPKY peaHMMAIMOHHBIX
6OJIBHBIX CPOPMUPOBAIIU TIPOCTHIM CJIETIBIM METOIO0M (OT-
cyTcTBUE CyOBEKTUBHOIO BJIMSIHUS MCIBITYEMOTO Ha pe-
3YJIBTAThI UCCJIEN0BAHUS; 0OEKTUBHO U3MeEpsieMble T1pubo-
paMu pe3yJsibraThl J1abOpaTOPHBIX TecToB). B manHOM
cilydyae 3HaYeHIe MPOCTOTO CJIENIOT0 METOIA ONPeeISIeTCsT
TEM, 4TO Pe3yJbTaThl u3Mepenmii XJI orBera sBIASIOTCS
O0OBEKTUBHO M3MeEPSeMbIME MPUOOPOM OOBEKTUBHBIMIE
OIIEHKAMH, B OTJINYHE OT KAYeCTBEHHBIX KPUTEPUEB MCXO/A
sKcIlepuMeHTa (TakuX, HalpuMep, Kak 0O0Jib, BbIPasKEH-
HOCTDb OTEKOB MJIM KAYeCTBO KU3HU TAIMEHTA), OTIeHKA KO-
TOPBIX POBOJUTCS MCCIefoBaTesneM cyObekTuBHO. CpoKu
obcienoBanmst coctaBman 1—2 cyTtiu, 3—7 cyTtku, 8—15
CYTKH, 15+ CyTKM TTOCTIE€ TPABMBI.

trophils (kinetic CL) that allowed to enchance the
informative value of the results due to increased
quantitative data (specific radical-producing neu-
trophil activity, total radical neutrophil activity,
spontaneous activity, stimulated activity, activation
coefficient, attenuation coefficient) and improved
accuracy of the method due to increased repro-
ducibility because of simultaneous recording of sam-
ples by a 12-channel instrument. In this study the
clinical significance of this method has been evaluat-
ed in patients with burn injury, depending on the
severity of the injury, condition and outcome.

Materials and Methods

The study included 34 patients from burn resuscitation
departments of N.V. Sklifosovsky Research Institute of
Emergency Care and A.V. Vishnevsky Institute of Surgery.
Inclusion criteria: patients with flame burns, less than 70
years age. Exclusion criteria: age over 70 years, presence of
oncological or hematological diseases , tuberculosis, HIV
infection. The average age of the examinees was 32.4 years
with a standard deviation of 11 years (coefficient of varia-
tion V=35%), which characterized the group as moderately
heterogeneous in age. The ratio of male/female=10:7. The
design of the study is shown in Fig. 1.

The total area of burns was 10—54% (35.2% on
average) of the body surface, the area of deep burns
was 0.5—40% (12% on average), the Frank index (FT)
was 10—130 (64.5 on average). All patients received
standard therapy.

The experiment was designed and arranged in compli-
ance with the requirements of good clinical practice. The
definition of the minimum sample size was performed so
that in each case the applicability of objective criteria for
statistical power and clinical validity of the study could be
ensured. The sample of resuscitation patients was formed
by a simple blind method (no subjective influence of the
subject on the results of the study, laboratory tests that are
objectively measured using instruments). In this case, the
value of a simple blind method is determined by the fact
that the results of measuring the CL response are objective
evaluations objectively measurable using instruments, in
contrast to qualitative criteria for the experiment outcome
(for example, pain, severity of edema or quality of the
patient' life). The terms of the examination were 1—2 days,
3—7 days, 8—15 days, and 15+ days after injury.

All subjects were divided into groups according to the
severity of the thermal injury according to the Frank Index
and by gender (Table 1). Diagnosis of burn shock was per-
formed based on the values of the shock index adjusted for
age [17]; shock was observed in all patients with FI>70.
The systemic inflammatory response syndrome (SIRS)
was clinically determined according to the criteria [18];
the dynamic assessment of multiple organ failure was per-
formed using the SOFA (Sequential Organ Failure
Assessment) scale. SIRS developed in 18 patients, whereas
diagnosis of sepsis was established in six of those patients
based on an increase in the SOFA value by 2 or more asso-
ciated with a persistent infection [16].

The following reagents were used in the chemilumi-
nescent analysis: luminol (Sigma-Aldrich); Hanks solution
with glucose without dye (Chumakov Polymyelitis and
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41 patients were
admitted during the study

e T e

Did not meet Met the inclusion
the inclusion criteria: 34
criteria: 7

\l" A\ 4

Chemical burn, 34 patients
old age —1 \were examined
Burn with boiling
water — 3

HIV infection — 2
Rectum cancer,
after radiotherapy — 1

3a nepuoj uccae0BaHUS
nocrymui 41 manueHT

He coorBercrBOBaIM CooTBeTCTBOBAJIH
KPHUTEPHSAM KPHUTEPHSIM
BKJIIOYEHHS: 7 BKJIIOYeHUs: 34

v \’

XuMHUYeCKHH 0KOT, Ob6cnenosano
MosKHI0i Bo3pact — 1 . 34 nanmenra
Oskor KUISATKOM — 3
BUY-undexuusa — 2
Pak npsmoii kumkwu,
COCTOSIHHE TI0CJIe
JyueBoii Tepanmuu — 1

Fig. 1. The scheme of the patients' inclusion in the study.

Puc. 1. Cxema BKIIOYeHHS GOJBHBIX B HCCJIEI0BAHUE.

Ta6auua 1. O6cae0BanHbIe TANUEHTHI C TEPMUYECKOH TPaBMOii.

Table 1. Examined patients with thermal trauma.

Patients Frank Index Total (n=34)
<70 >70

Men 12 8 20

‘Women 6 8 14

IIpumevanue. [ns ta6a. 1, 3: Patients — Gosbabie; Women — skenmunb; Men — myskuntsr; Frank Index (FI) — unpexe @panka

(1 D); Total — Bcero.

COBOKYIHOCTh OOCJIEIOBAHHBIX PA3JIENIN HA TPYII-
Il B COOTBETCTBUN C TSXKECTBIO TEPMUYECKON TPABMBI 110
ungekcy OpaHka U 10 reHgepHomy TpusHaky (tabu. 1).
JIMarHOCTHKY OKOTOBOTO IIOKA MIPOBEJN HA OCHOBAHWUU
3HAUEHUN IIIOKOBOTO MHJIEKCA C IOIPABKOW Ha BO3PacT
[17]; mox Habonam y Beex naruenTon ¢ UMD > 70. Kiu-
HUYECKU OIPEIE/ISJIN CUHAPOM CUCTEMHOTO BOCIIAJINTEIIb-
noro orBeta (CCBO) cormacuo kputepusm [18]; munamu-
YeCKyIo OlleHKY Ttosinoprannoii nepocratrounoctu (IIOH)
BoinosiHuan 110 mkaie SOFA (Sequential Organ Failure
Assessment). [Tpu atom CCBO pazsuiics y 18 nanuenTos,
Cpelli KOTOPBIX JIUATHO3 «CEICUC» ObLI YCTAHOBJIEH Y 6
6OJbHBIX HA OCHOBaHWUM yBeandenust 3Hadenuss SOFA Ha 2
u GoJiee Mpu nepcucTupyoniem odare uudexiyn [16].

[l mpoBezieHNsT XEeMHUJIIOMIHECIIEHTHOTO aHA/IN3a
WCIIOJIb30BAJIH CJIEAYIONINE PEAKTUBBIL: JIOMUHOJ (Sigma-
Aldrich); pacrtBop Xenkca ¢ T/0K030i1 6e3 KpacuTess
(HCTUTYT HOJMOMUENINTA U BUPYCHBIX 9HIIE(ATUTOB UM.
M.II. Yymakoa PAMH), crabuimsupoBanubii 2 MM
HEPES; N-dopmui-mernonunmn-ieinuia-dennaaaanun
(PMJID), popboa-12-mupucrar-13-amerar (PDMA) (Bce
Sigma-Aldrich).

XeMUJIIOMIHECIIeHTHAs] MEeTOJIMKA OlleHKH (PYHKIIMO-
HaJbHOW akTUBHOCTU HelTpodmios [16]: Ouenky dyHk-
IIMOHATBHON aKTUBHOCTH HEHUTPO(HUIOB TPOBOAMIN B CO-
OTBETCTBUM ¢ pa3pabOTaHHBIM paHee ITOIXOIOM,
OCHOBAHHBIM Ha IBYXCTaANNHON CTUMYJISIIAN HeHTpodu-
J10B TIpu nocsreioBatesbioM Biaecennu GMA u GMJIO.

Bo Bcex orpITax B3saTHE 5 MJI KDOBU OCYIIECTBJIISLITH 13
KyOMTaJIbHOW BEHbI B BAaKyTEHEPHI C rellapuHOM (KOHeY-

Viral Encephalitis Institute, RAMS), stabilized with 2
mM HEPES; N-formyl-methionyl-leucyl-phenylalanine
(fMLF), phorbol-12-myristate-13-acetate (PMA) (all
Sigma-Aldrich).

Chemiluminescent method for assessing the function-
al activity of neutrophils [16]: the functional activity of
neutrophils was evaluated following the previously devel-
oped approach that included two-stage stimulation of neu-
trophils with the sequential application of PMA and fMLFE.

Briefly, in all the experiments, 5 ml of blood was taken
from the cubital vein to the vacueners with heparin (the
final concentration of heparin was 5 U/ml). The blood
samples were stored for up to two hours before analysis.
450 ml of medium, 25 ml of 1 mM luminol solution (final
concentration ¢;=45 mM), and 25 ml of whole blood were
injected into the chemiluminometer cuvette and sponta-
neous chemiluminescence was recorded for 10 minutes. 50
ml of 0.5 mg/ml PMA (cppx=0.081 nM) was added. After
20 minutes of incubation 55 ml of 100 mg/ml fMLP
(cipyp=10 nM) was administered and the CL response was
recorded for at least 60 minutes.

The form of kinetic curves and analytical index (the
amplitude of the CL signal after stimulation of PMA +
fMLF (Fig. 1) normalized by the number of neutrophils
were studied . The data were compared with clinical obser-
vations and laboratory results.

Statistical processing of the data and graphical repre-
sentation of the results was performed by standard soft-
ware products, Excel packages with StatPad application
(Microsoft, USA) and STATISTICA (StatSoft, USA).

OBPIIAA PEAHMMATOAOI'MA, 2017, 13; 2

www.reanimatology.com

43



44

. Sepsis

DOI:10.15360,/1813-9779-2017-2-40-51

Hast KoHIleHTpalust renaputa — 5 EJ[/mir). O6pasiisl Kpo-
BU AIMEHTOB XPAHUJIM J[0 aHAJII3a He HoJiee JIBYX 4acoB.

B kioBeTy xemuoMuHoMeTpa BHocusin 450 MK cpe-
161, 25 Mxar 1 MM pactBopa somuHOMA (KOHETHAST KOH-
MEHTpaIus ¢,=45 MKM), 25 MKJI 1IeTbHON KPOBH U PETHC-
TPUPOBAJIU  CIIOHTAHHYIO XEMHJIIOMUHECIEHIIUI0 B
teuenrie 10 munyt. J{ob6asisiiu 50 M 0,5 Mmrr/mia OMA
(conma=0,081 uM). TTocse 20 MuHYT HHKYOAIUN BBOAUIN
55 M1 100 MkM dMJID (cypnep=10 MKM) 1 perucrpu-
poBasim XJI-oTBeT B Teuenue He MeHee 60 MIUHYT.

Nayyann $HopMy KMHETHYECKUX KPUBBIX M aHATUTH-
yeckuii mokasaresb — amintyy XJI-curnamna nocse cru-
mysistiinn OMA+OMIID (puc. 1), HOpMHUPOBAaHHYIO Ha
KOJINYEeCTBO HEUTPODUIOB. /laHHbIE COMTOCTABIISIN C KITH-
HUYECKUMU HAOJIOJICHUSIMU W Pe3yJibraTaMu J1abopaTop-
HBIX WCCJIEOBAHNI.

Jlna cratueTnyeckoit 06paboOTKM JaHHBIX U rpaduyec-
KOTO TIPE/ICTABJICHUS PE3YJIBTATOB UCIIOJIb30BAJIN CTAH/IAPT-
HbI€ TIPOrpaMMHbIe TIPOYKTHL: takeTbl Excel (¢ npuioxkeru-
em StatPad) (Microsoft, CIIIA) u STATISTICA (StatSoft,
CIIA). /1551 onipeieieHusT OIHOPOAHOCTH N3Yy9aeMbIX ITOKa-
3aresieil aHAJTM3UPOBAIN TIOJyYeHHbIE BEJIMYUHBI TI0 OTHO-
MIEHUIO K HOPMAIbHOMY OKHJIAeMOMY PACIPEEICHUIO C UC-
nosib3oBanueM kputepus Illanupo-Yuika. [l cpaBHeHus
IPYII UCHOJIB30BAJIH TTApAMETPUYECKHe (C TOMOIIBIO {-KPH-
tepust CThIOZIEHTA) U HerapaMeTpruyecKue (¢ MOMOIIBIO KPH-
Tepust MaHHa- YUTHI) METOZbI CTATUCTUYECKOI 0OpabOTKH.
PesysibraTel nccesioBanus s IEPEMEHHBIX ¢ HOPMaJIbHBIM
pacrpeziesieHreM 1pezicTaBiensl B Gopmare Mo (M —
cpenHss apudMeTHdecKasl, ¢ — CTaHAAPTHOE OTKJIOHEHHUE).
J17151 IepeMEHHBIX € MHBIM PACTIPEIe/IEHIEM YKA3AHbI Me/THa-
Ha ¥ MHTEPKBAHTHJIBHBIN pasmax. Kpurnueckoe 3maueriiie
YPOBHSI 3HAYUMOCTH P IPUHUMATIOCH paBHBIM (),05.

PesyabraThl 1 00CyK/IeHHE

g onenkn (yHKIIMOHAJIBHON AaKTUBHOCTU
HEUTPODUIOB Y HMAIUEHTOB ¢ 0KOTOBOIl HOJIE3HBIO
Obla TIpuMeHeHa paspaboranHast Hamu XJI-Mero-
JIMKa C ABYXCTQIUIHOW CTUMYJSINell HeWTpohu-
JIOB, TIPH MOMOIIH KOTOPOii patee OBLIO 06CIen0Ba-
"o 90 TmpakTHUYeCKU 3MO0POBBIX MOHOPOB. Bo Bcex
cilydasx JUIsl JJOHOPOB MOJyYald eAnHOOOpasHbIe
KUHEeTHYeCKre KpuBbie pazsutus XJI, aHaTormuHbre
KkpuBoii Ha puc. 1, a. [Tocie npencrumyssiiiun OMA
u BBegenus GMJID Habaoganu peskuii pocT caede-
HUSI, KOTOPBI MOKHO HasBaTh «OBICTPOIT» BCITBIII-
Ko#. /{5 KOMM4ecTBEHHOTO OTMMCAHWS Pa3BUTHS
DOMA+OMIID-crumynuposannoit XJI paccuntoi-
BaJl HOPMUPOBAHHYIO aMILIUTYAy CUTHaia OBICT-
poit BembKKH A*y\q (MaKCMManbHass MHTEHCUB-
HOCTb, [eJeHHas Ha YNCJI0 HEUTpodpuIon).
PedeperncHplii mHTEpPBAT A 3TOTO TIOKAa3aTeJs
npuBezieH B TabI. 2.

ITpu o6eenoBannn OOJBHBIX HAOIIOAAM TPU
BapuaHTa pas3BuTng XJI-kpuBoi. Y mHanuMeHToB C
JIETKUMU HEOCJIOKHEHHBIMU 0’KOTaMU WJIM Ha dTare
PEKOHBAJECIIEHIINM KUHeTHKa pa3utus XJI coot-
BETCTBOBAJIA MPOGMUIISM, TTOJYIEHHBIM OT 37I0POBBIX
moHopoB (puc. 1, a). OmHako B OCTOKHEHHBIX U TSI-
JKEJIBIX CJIydasx HaOJfofadil pasBUTHE KUHETHKU

Normality of distribution of variables were analyzed by
Shapiro-Wilk test. To compare the groups, parametric
(Student's ¢-test) and non-parametric (Mann-Whitney
test) were used. For variables with normal distribution
data were calculated as M+o (M is the arithmetic mean, o
is the standard deviation). For variables with a different
distribution, the median and the interquartile range were
calculated. The critical value of Pto determine significance
between groups was 0.05.

Results and Discussion

To assess the functional activity of neutrophils
in patients with burn disease we applied the devel-
oped CL method with two-stage neutrophil stimula-
tion, which was previously used to examine 90 prac-
tically healthy donors. In all cases uniform kinetic
curves for the development of CL were obtained for
the donors (analogous to the curve in Fig. 1, a). After
the pre-stimulation of PMA and the introduction of
fMLP a sharp increase in luminescence was observed
that can be called a «rapid» flash. To provide a quan-
titative description of the development of PMA +
fMLF-stimulated CL, the normalized amplitude of
the rapid flash signal A*,, » (the maximum intensity
divided by the number of neutrophils) was calculat-
ed. The reference interval for this indicator is pre-
sented in Table 2.

Three ways of developing the CL-curve were
observed when examining the patients. In patients
with mild uncomplicated burns or at the stage of
convalescence, the kinetics of CL development cor-
responded to the profiles obtained from healthy
donors (Fig. 1, a). However, in complicated and
severe cases the development of kinetics of another
type was observed: after a «rapid» flash an addition-
al intense «slow» flash occurred (Fig. 2, a). In some
cases, the intensity of the «slow» flash of CL was so
high that it made it impossible to determine the
amplitude of the «rapid» flash (Fig. 2, ¢).

The development of a «slow» flash of CL in
burnt patients was recorded in only 20 of 34 patients
(60%). In patients with the systemic inflammatory
response syndrome (SIRS) and persistent infection
slow kinetics was recorded in 14 of 18 (80%), in
patients without SIRS — in 6 of 16 (38%). In gener-
al, in half of men with FI<70 the slow kinetics of the
CL response was identified starting from the 3d day
of the disease and it reached the highest amplitude
values on the 31d—7th day after the trauma. In women
with FI<70, the slow kinetics was not determined. In
the group of severely burnt men and women with
FI>70 the slow kinetics of the CL response was
recorded in all patients starting from Day 3 of the
disease, and in some patients from Day 1 (Table 3).

The normalized amplitudes of the rapid and
slow responses to fMLF (A*; v, and A*y ) Were
calculated for the examined patients. For men and
women with an FI<70 the normalized amplitude of
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Cencuc

Ta6amna 2. CraTHCTHYECKHE IaHHbIE TTOKa3aTens A* yip, XapaKTepU3yoniero GyHKIHOHAIbHYIO aKTHBHOCTD HEHT-

poduios (n=90).

Table 2. The statistical data of the A*;  index characterizing the functional activity of neutrophils (72=90).

Index Median value

Interquartile range

Reference interval (2.5—97.3, percentile)

Afpnip, V/cell 4.13+10°

2.31+10° — 5.9510°

0.70-10° — 14.20-10°

Mpumeyanue. Jlns ra6a. 2, 3: Ay p, V/cell — A*g\ip, B/xr; Index — mokasarens; Median — menuana; Interquartile range — nn-
TepKBapTUIbHbII pa3dMax; Reference interval — pedepencubiii uarepsas; percentile — nponenrnm.

Ta6amua 3. [lokasarenu GpyHKIHMOHAIbHON AKTHBHOCTH HEHTPO(DUIOB y ITAMEHTOB C 03KOTOBOM TPaBMO.
Table 3. Indicators of the functional activity of neutrophils in patients with burn injury.

Index Values of index at the day of study
{st—2nd 3d—7th 8—15th 15th+ days
Men, FI<70, n=12
A pnpp, V/cell Decreased in 2 patients Within RI Within RI Within RI
SF 0 6 6 6
Men, FI>70, n=8
A pnpp, V/cell Decreased in 4 patients Decreased in 2 patients Within RI Within RI
SF 2 6 8 8
‘Women, FI<70, n=8
Nnpips V/cell Within RI Within RI Within RI Within RI
SF 0 0 0 0
‘Women, FI>70, n=6
A pnppp, V/cell Decreased in 4 patients Decreased in 2 patients Within RI Within RI
SF 2 6 6 6

Note. RI — Reference Interval; SF — «Slow» Flash.

Ipumeuyanue. Values of index at the day of study — smauernus nokasarest o cyrkam uccienobanus; Decreased — cumker; Within —
B npezenax; RI — pedepencusrit unrepsan; SF — «Me/yieHHass» BCIBIIIKA.

JPYTOTo THIIA — MOCJIe «ObICTPON» BCIBIIIKH BO3H-
KaJia JIOTIOJHUTETbHAST WHTEHCUBHAS «MEJIJIEHHAS>
BerbimiKa (puc. 2, a). B HEKOTOPHIX cIydyasX WHTEH-
CUBHOCTb <«MeJJIEHHOI» Berbimku XJI Oblra Ha-
CTOJIBKO BBICOKOIA, UTO Jiesiajia HEBO3MOKHBIM OIlpe-
JleJIeHre  3HAUYEeHUs]  aMIUITUTYIbl  «OBICTPOii»
BCTbIIKY (puc. 2, 8).

PasBurne «MeaieHHOI» Benbimkn XJI y 060-
JKOKEHHBIX 3a(DUKCUPOBAIU Beero B 20 HaOIOAeHUSIX
u3 34 (60%). IIpu 9ToM y GOJIBHBIX ¢ CHHAPOMOM CH-
cremMHOTO BocmasmTesbHoro orBeta (CCBO) mpn
MEPCUCTUPYIONIEM ovare MHMEKITNN MeJJIeHHAsT KH-
HeTHKa Oblia 3aperucTpupoBata B 14 HabJoAeHISIX
us 18 (80%), y 6omphbix 6e3 CCBO — B 6 u3 16
(38%). B mestom, y mosoBunbl Myskunn ¢ MD<70
MejieHHast Kuaetnka XJI-oTBeTa ompeiesisiiach, Ha-
YiHast ¢ 3-X CyTOK 3a00JIeBaHMsl, 1 AOCTUTaMa Hak-
BBICITNX 3HAUEHWH aMTIJTUTY/IbI Ha 3—7 CyTKHU 1TOCe
TpaBMbL. Y skenms ¢ UD<70 mepyiennast KUHETUKA
He ompe/essiiach. B rpyiime TsaKeno 000KKEHHBIX
myskuH 1 xkeniud ¢ MMO>70 mensennas KUHETHKA
XJI-oTBeta ObliTa 3aperucTpUPOBaHa Y BCEX TAllUeH-
TOB, HAUMHAsI ¢ 3-X CYTOK 3a00JI€BaHUsl, a Y HEKOTO-
PBIX MAIMEeHTOB U ¢ 1-X cyTok (Tabu. 3).

Paccurtanbl HODMUPOBAHHbIE aMILIUTY/IbI Obl-
cTporo u MezieHHoro orseta Ha GMJID (A* 46 1
A np) Y OOCTICIOBAHHBIX 000KKEHHBIX. JIJIsT MysK-
gyuh 1 skeHud ¢ TD<70 HopMupoBaHHAST aMILIUTY -
na 6picTporo oTBeTa A*y, 4 5 HAXOAUTCS B Mpejiesax
pedepeHTHOTO MHTEePBaJIA, /TSI MYKYWH U JKEHIIIUH C

the rapid response of A*yr, Was within the refer-
ence interval, for men and women with FI>70 in sev-
eral cases in the first 7 days of the disease this index
decreased and then returned to normal (Table 3).

The mean values of the normalized amplitude of
the slow flash (A*pr..) were as follows: 1.02 10°
W /Cl for patients with sepsis and 0.85 10° W /Cl for
patients without sepsis ; the differences were statisti-
cally significant by the nonparametric Mann-
Whitney test (U=236, z=5.7, P<0.001).

The analysis of normalized amplitudes of rapid
and slow response (A*uprp and A¥pp.,) Was per-
formed depending on the number of neutrophils in
the blood of patients. The nature of the connection
between A*y;r, and the neutrophil count in burnt
people corresponded to that of healthy donors: with
an increase in the neutrophil count from 2 to 10 mil-
lion/ml, the normalized amplitude of the rapid CL
response («specific» activity of the «rapid»> neu-
trophil) remained constant.

The correlation field for A*y;r.,, and the neu-
trophil count in the blood of the examined patients is
shown in Fig. 2. The main part of the points of indi-
vidual observations forms a cloud with low entropy
modeled by linear dependence (R’=70.28%). All out-
lier values were thosedetermined in patients with
sepsis (total of six people, two of whom died).
Pearson correlation of A*n; and the neutrophil
count in the blood of the examined patients was
+0.84, demonstrating a trend to be statistically sig-
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ND>70 B HECKOJIBKUX CJIydYasix B IiepBble 7 aHeit 60-
JIEBHU ITOT TIOKA3aTeJIb CHIKEH, a TIOTOM TIPUXOJNT
B HOpMY (Tabu1. 3).
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nificant (¢=0.1%). In other words, the «specific»
activity of the <«slow» neutrophil almost linearly
grows with the increase in the number of neutrophils
in patients without the diagnosis of sepsis by the cri-
teria of Sepsis-3.

Comparison of CL data with other immunolog-
ical parameters in burnt patients demonstrated sig-
nificant decrease in the number of T-lymphocytes.
The level of a decrease in most observations depend-
ed on the severity of the injury, severity of toxemia,
and burn infection. In a favorable disease course, the
absolute numbers of T-cells were restored. The con-
tent of B-lymphocytes in the examined patients was
within the limits of normal values or was reduced. All
subjects had a significant increase in the total CEC
content at all stages of the disease. This excess was
due to an increase in the number of medium and
small-sized CECs; the number of large CECs, to the
contrary, was reduced or was within the range of nor-
mal values. The increase in the content of large
CECs was observed only in three of the examined
patients. Statistical analysis (Pearson correlation
coefficient) showed no association between studied
immunological parameters and neutrophil CL
response index.

The observed deviations of the CL-response in
burnt patients are confirmed by literature data on a
serious dysfunction of phagocytosis in patients with
burn disease. A significant increase in the non-stan-
dardized amplitude indices at various stages of the
analysis was due to a massive release of neutrophils
from the bone marrow into the bloodstream due to
burn toxemia and septicotoxemia. It is indicative of
an increase in the overall level of production of reac-
tive oxygen species (ROS) by blood stream cells.
Therefore, experimental data are in agreement with
the published data on the induction of severe oxida-
tive stress in patients with thermal trauma that con-
tribute to systemic disturbances of homeostasis and
organ dysfunction [1, 17].

On the other hand, the registered cases of nor-
malized indices of CL-grams of burnt patients with-
in the limits of the reference interval or below the
norm indicate the presence of normergic and even
hypoergic oxidative metabolism of neutrophils. This

Puc. 2. XeMumioMHHOTpaMMBI KPOBH IIAI[IEHTOB C 05KOTOBOI TPAaBMOIi IPH ABOIHOI TOCIEI0OBATEIbHOI CTUMYJISIIHHA.

Fig. 2. Chemiluminograms of blood of patients with burn injury with double consecutive stimulation.

Note. A, — the amplitude of the spontaneous CL response; Apyy — the amplitude of the response induced by PMA (priming);
Apyp — the amplitude of the rapid response induced by fMLp after priming. a — the «rapid» kinetics prevails (flame burn 2—3AB
at 50%, 3B — 40%, Day 3 of the disease); b — both «rapid» and «slow» kinetics of neutrophils are expressed (flame burn 2—3AB at
40%, 3B — 20%, Day 21 of the disease); ¢ — the «slow» kinetics of CL-response of neutrophils prevails (flame burn 2—3AB at 25%,

3B — 10%, Day 5 of disease).

IIpumeuanue. Cl intensity, V — unrencusnocts XJI; Time, min — Bpemst, mu; fast — GoicTpast; slow — mentennas (takke amst puc. 3).
A, — ammutyna ciontannoro XJI oteeta; Apyy — amrntyaa otseta, nntyuuposainoro OMA; Agypp — aMILIMTy1a OTBETa, UHLY-
posanioro GMJID nocse npaiiMuira. a — npeBanupyer «Opictpas» kuHernka (oxor miamenem 2—3ADb cr. 50%, 3B — 40%, 3-e cyT-
Ku 3a60s1eBaHusA ); b — BbIpAKEHA KaK «ObICTPasi», TaK U «MeUIEHHas» KMHeTuKa Heiitpodmios (oxor miamenem 2—3AB cr. 40%, 36 —
20%, 21-e cyTku 3ab0JieBaHus); ¢ — MPEBATUPYET «MelIeHHas» KiHeTuka XJI-oTBera Helirpodunos (oxor mwiamerem 2—3AB cr. 25%,

3B — 10%, 5-e cyTku 3a60/€BaHIIST).
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Cpennrie 3HaYEHUST HOPMUPOBAHHON aMILINATY-
Il MEJLTEHHON BCIBIIKN (A 4.,) cocTaBumm 1,02
10° B/xn mna centmueckux marmerToB u 0,85 107
B/kJ1 1u1st mareHToB 0e3 Celcuca; pasiniust CTaTh-
CTUYECKH 3HAYMMBI TI0 HelTapaMeTPUIeCKOMY KpuTe-
puto Manna- Yutanu (U=236, z=5,7, p<0,001).

[TpoBesn aHain3 HOPMUPOBAHHBIX AMILTHTY/]L
OBICTPOTO U MeZIEHHOTO 0TBeTa (A* 46 T A i)
B 3aBUCUMOCTH OT 4HCJa HEUTPOGUIOB B KPOBU
GospHBIX. XapakTep CBA3U MeKITY A*y 45 1 COIEP-
JKaHUeM HeHTPO(DUIOB Y 000KKEHHBIX COOTBETCTBY-
€T TAKOBOMY Y 3/I0POBBIX JIOHOPOB: NIPU YBEJNIEHUN
conep:kanust HeiTpoduaos ¢ 2 1o 10 MuH/MI HOP-
MHUPOBaHHAsT aMIInTyAa ObicTporo XJI-oTBeTta
(«ymesnbHast» aKTUBHOCTD <«OBICTPOTO» HeHTpodmIa)
0CTaeTcsl TOCTOSTHHOM.

[Tone koppenauuu A*y, 4. 1 COAEPKAHUA HEli-
TPOGHUIOB B KPOBU 0OCJIEIOBAHHBIX OOJIBHBIX TIPEI-
craByeHo Ha puc. 2. OCHOBHAsS 4YacTb TOYEK MHANBU-
IyaJbHbIX HaOoeHuid (dopMupyer o00Jako ¢
HU3KOW 9HTPOTIHEH, Mo/ieJTupyeMoe JTMHEeIHO! 3aBU-
cumocthio (R?=70,28%). Bce BBImenstomuecs Ha-
GJIFOJIEHIS TIPEACTABIISIOT CO00 U3MEPEHUs Y Talfi-
€HTOB C JIMarHOCTUPOBAHHDLIM CelcucoM (BCero
1ecTh YesI0BeK, U3 HuX jiBoe ymepsan). [Tocse ynamne-
HUS JAHHBIX AIMEHTOB, HAXOASAIIMXCS B HECTaOU/Ib-
HOM COCTOSTHIH, KO3 duImeHT Koppesiun 1o [Tup-
comy MesKIy A* 14, ¥ COTEPIKAHNEM HEHTPODUIIOB B
KpoBu 00cIef0BaHHbIX 00JbHBIX cocraBus 0,84 —
9TO CBUJIETETHCTBYET O TECHOW CTAaTHCTUYECKU 3Ha-
qumoit (¢=0,1%) momoxuTeabHON cBsizu. HbIMU
CJIOBAMH, <«yJeJbHAs» AKTUBHOCTH <«MEJIEHHOTO»
HelTpoduIa MPaKTUIECKU JIMHEHHO YBEJINIHMBAETCS
C yBeJWYEHUEM YHCIa HEUTPOMUIOB y TAIMEHTOB
6e3 muarnosa cercuc 1o kpurepusm Cencuc-3.

Beio mposeseno cpaBaenme XJI-maHHBIX €
JIPYTUMH UMMYHOJIOTUYECKUMU TTOKa3aTeasaMu. Y
00CJIeIOBAaHHBIX 000KKEHHBIX OTIPEIEISIIOCh 3Ha-
YUTENbHOE CHIDKEHUE KosindecTBa T-TUM(pOIUTOB,
[IpUYEM CTeleHb CHUMKEHUs B OOJIbIIMHCTBE HAOJIIO-
JIEHWH 3aBUCENa OT TSYKECTH TPaBMbI, BRIPAsKEHHOC-
TU TOKCEMUU U 0xK0roBoil undexuuu. Ipu Giaro-
NPUATHOM TeudeHUH 3abojieBaHus  HaGJI0AAIN
BOCCTaHOBJIEHHE a0COMIOTHBIX TOKasaTeeil T-Kie-
tounoro orBera. Comepskanne B-mumboiuros y 06-
CJIeIOBaHHBIX 000/KKEHHBIX HAXOAMIOCH B IIPEiesiaX
HOPMaJIbHBIX 3HAYEHUIT MU ObLIO CHUMKEHO. Y BCex
00cIel0BaHHbIX HAOJIIOAMN 3HAYUTEIbHOE [OBbI-
nrenue obuiero cogepxanns MK Ha Beex cragusix
3abosieBaHust. ITO TPEBbIIEHNE OBLIO 00YCIOBIEHO
yBesmuenueM uuciennoctu IHIWK cpenuero u maso-
ro pasMepa; uncjaeHHocTb 6obiux VK, Hanporus,
Oblyla CHUJKEHA WJIM HaXOAMJIACh B IIpejiesiaxX Jama-
30HA HOPMAJTbHBIX 3HAUEHUH. YBeIUUeHNEe CoeprKa-
aust 6opmux [TUK Habmogann TOMbKO y TPeX 13
obcaieoBaHHbIX nanuenTos. CrarucTuyeckuii ana-
sau3 (koaddunuent koppessiuu o Iupcony) mo-
Ka3ajJl OTCYTCTBUE CBS3U MEXKAY HTHUMH UMMYHOJIO-
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Puc. 3. Ilose koppensinuu mexay A*bmiud-m u comep:raHueMm
HeUTpodUIOB.

Fig. 3. The correlation field between A*fmph-m and the content
of neutrophils.

Note. a — all observations; O — observations of patients who
stayed in the hospital for a long time because of the development
of serious purulent-septic complications; the number marks the
observations received of one of the subjects during the dynamic
observation; the arrows mark the dynamics of the indices of
patient number. 4 (Day 3, Day 7, Day 14, Day 19, Day 27); + —
observations of deceased patients, patient number 3 died on Day
19 of the disease, patient number 2 — on Day 7; ® — observations
of patients in a stable state. Outstanding observations are circled.
b — outstanding observations are removed, linear regression, its
equation and coefficient of determination are shown.
IIpumevanue. Neutrophil count — kosimuectBo HeHTpOhUIOB;
Deceased and critically ill patients are excluded — 6e3 ymeprnx n
TMaMeHTOB B KPUTUYECKOM COCTOAHUN. d — BCE Ha6HIOHeHHH; O—
HalJoIeHNs GOJIbHBIX, JTUTENbHO PEOBIBABIINX B CTAIIMOHADE B
CBSI3H C PA3BHUTHEM CEPbE3HBIX THOIHO-CENTHYECKNX OCJIOKHE-
HUI; HOMEP MapKUpyeT HaOJIOIEeHNUs, TIOIYyYeHHbIE OT OJHOTO W3
06cJIeyeMbIX B IIPOTIECCE IMHAMUYECKOTO HAGIIONEHNUST; CTPETKI
OTMEYAIOT AMHAMUKY MoKa3aTesiell marmentku Ne4 (3-u; 7-¢; 14-¢;
19-¢; 27-e cyTKn); T — HAOMTIOIEHNS, TIOJYYEHHBIE OT YMEPIIHX Ia-
1enToB, 6ombHol Ne3 ckonuasics Ha 19-e cyTku s3aboseBanus,
Gosbas Ne2 — 1a 7-¢; @ — HaGJIIOI€HNUS, TTOYYEHHBIE OT MAIIeH-
TOB B CTaOMJIBHOM COCTOSTHUN. Bbiaessiomuecs nHabmoaeHns 06-
BEJIEHBL. b — BIMMUHUPOBAHBI BBIIEISIONINECs HAOMIOIEH s, 110~
KaszaHa JMHEHHAs perpeccus, ee ypaBHeHWe U K0IDOUIHEHT
JieTepMUuHaInn.

data is consistent with the concept of the most active
neutrophils migrating to an inflammatory focus if
there is a less active population in the systemic cir-
culation [20]. Given the above, it can be assumed
that oxidative stress in burn disease is characterized
by an increase in the absolute amount of neutrophils
in the bloodstream as a substrate for the synthesis of
ROS in the absence of a qualitative enhancement of
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IMYECKUMU TIOKa3aTeJsIMU U TToKa3aTesieM XJI-0TBe-
Ta HeUTpoPuIIOB.

Hab6Jrromaembie oTKIOHEHUs MoKaszaTeeir XJI-
oTBeTa y 0GO0K/KEHHBIX TOATBEP/KAAIOT JUTEPATYP-
Hble JJaHHBIE O cepbe3Hoi auchyHKIMN daromuTap-
HOT'O 3BEHA IPHU 0KOrOBOI 00JIe3HU. 3HAUUTETBHOE
yBeJTMYeHne HEHOPMUPOBAHHBIX TMOKa3aTesei aMil-
JIUTY/IBI HA PA3JIMYHBIX dTANax aHauu3a 00ycIoBJIe-
HO MaCCWBHBIM BbIXOJIOM HEUTPO(DUIOB U3 KOCTHOTO
MO3Ta B KPOBSTHOE PYCJIo Ha (hoHE 0XKOTOBOI TOKCe-
MUM ¥ CENTUKOTOKCEMUY ¥ CBUIETEIBCTBYET 00 yBe-
JINYEHUU OOIIEero YPOBHS TPOAYKIIMKM aKTHBHBIX
dopm kucmopoga (ADK) kreTkaMu, HaXOSIUMUCST
B CHCTEMHOM KPOBOTOKe. TakuM 00pas3oM, sKCIepH-
MEHTAJIbHbIE JJAHHBIE TIOATBEPKAAIOT JaHHbIE JIUTE-
pPaTypPHBIX UCTOYHUKOB O HAJTMYUU TSKEJIOTO OKHUC-
JINTETHHOTO CTPecca y TAIMEeHTOB € TEPMUYECKOM
TPABMOIi, CIIOCOOCTBYIONIET0 CUCTEMHBIM HapYIIEH-
sIM TOMeocTa3a 1 opranHoi aucynkmmu [1, 17].

C npyro#l CTOPOHBI, 3apETUCTPUPOBAHHBIE CJTY-
yau HOPMHUPOBaHHbBIX ToKazaresieil XJI-rpamm 060-
JOKEHHBIX B IpaHuIax pedepeHTHOro WHTepBaJia
WJIW HYZKE HOPMBI CBUIETETCTBYIOT O HAJTMUNUU HOP-
MIPTUUYECKOTO U Jla)Ke TUMOIPTUUECKOTO OKHUCJIH-
TEJBHOTO MeTaboM3Ma HEHTPODUIOB. ITH JaHHbIE
COTJIACYIOTCS C TIPEICTABICHIEM O MUTPAIK Hanbo-
Jiee aKTUBHBIX HEUTPO(MUIOB B 04YaT BOCTIAIEHUS TIPU
HAJIMYUK MeHee aKTUBHOM TTOMYJISIIINT B CUCTEMHOM
kpoBoToke [20]. YunTbiBas BbINIEN3I0KeHHOE, MOJK-
HO TIPEATIOTIOKUTH, YTO OKUCTUTEIBHBIN CTPeCcC TIph
0’KOTOBOI OOJIE3HU XaPAKTEPU3YETCS YBETUICHIEM
abCOTIOTHOTO KOJMUYECTBA HEUTPODUIOB B KPOBOTO-
Ke Kak cyOcTpata cunTesa ADK mpu oTcyTeTBUM Ka-
YeCTBEHHOTO YCUJIEHUST MX OKUCIIUTENLHOTO MeTabo-
Jin3ma. Takoit BbIBOJI TIOATBEPIKAAET TIPEACTABICHUS
0 HapylieHn#n (QYHKIUN HeHTpoduia 1 IMMYHOCY-
MIPECCUN TTPU OKOTOBOH Gomesmm [21].

OTebHOTO paccMOTpeHHst TpeOyeT KUHETUKa
MmezienHoro orsera Ha GMJID u ee GrOIOrMYeCKuii
cmbicst. [lo HAMM JTaHHBIM, TTOSIBJIEHUE METIEHHOTO
orBera Ha GMJID He TUIMIHO TSI TPAKTIIECKH 3710~
POBBIX Jfofieil. Hasmune akTHBHOTO BOCHAJIUTEILHOTO
mporiecca TIpU Pa3BUTUU OKOTOBON TOKCEMUU WJIH
CEeNTUKOTOKCEMUH WHJYIUPYET TOsIBJIeHNEe Me/lJIeH-
uoro orseta Ha GMJID na XJI-rpamme, ipudeM mpu
GJIaronpUATHOM HcXoje 3abosieBaHus ake Ha (poHe
CCBO wunTeHncuBHOCTH MezyieHHOro XJI-oTBeTa B
CUJIBHOW CTETIEHU KOPPEJUPYET ¢ Co/iepsKaHueM HenT-
pocduos B kpoBu narienToB. C ApyToil CTOPOHBI, Ha-
Jnyue cencuca 1 nporpeccupyiomeii ITOH y mecru
MAI[EHTOB 0Ka3aJI0Ch aCCOIMUPOBAHO ¢ OCTA0IeHIEM
MereHHoro oTBeta Ha (MJIM, BIIOTH M0 MOTHOTO
€r0 OTCYTCTBHS Y TIOTHOMINX OOMBHBIX. DTO HabIIOE-
HUE JIAeT OCHOBAHUE TIPE/IIONOKUTD, YTO MeJJICHHAS
knHetrka XJI peanusyercst Oyaroapst BBIXOLY B CHC-
TEMHBII KPOBOTOK CYOIOIYJISIN HEUTPODUIOB, 00-
JIAJIATOTITUX TTOBBIIIEHHOH (DYHKIIMOHATBHOM aKTUBHO-
crpio. Ilo pannbiM HekoTopbix aBTopoB [20, 21]

their oxidative metabolism. This conclusion con-
firms the idea of a violation of neutrophil function
and immunosuppression in case of burn disease [21].

The kinetics of a slow response to fMLF and its
biological meaning should also be considered.
According to our data, the slow response to fMLF is
not typical for healthy people. An active inflammato-
ry process with the development of burn toxemia or
septicotoxemia induces a slow response to fMLF on
CL-gram, and with a favorable outcome of the dis-
ease and even with the SIRS, the intensity of a slow
CL-response strongly correlates with the neutrophil
count in patients’ blood. On the other hand, sepsis
and progressing multiple organ dysfunction syn-
drome in six patients were associated with a weaken-
ing of a slow response to fMLE, up to its complete
absence in patients prior to death. This observation
suggests that the slow kinetics of CL is due to the
release into the systemic bloodstream of a subpopu-
lation of neutrophils with increased functional activ-
ity. According to published data [20, 21], a slow CL
response to the introduction of fMLF is formed due
to the activation of phagocytosis and intracellular
ROS production. Therefore, the high intensity of a
slow flash can be interpreted as a sign of effective
intracellular destruction of bacteria. The normergic
response of the organism to burn toxemia and septi-
cotoxemia followed by reconvalescence is fulfilled
due to a subpopulation of neutrophils with high
activity of intracellular bacterial killing.

An increase in the level of CRP, the acute phase
protein, starts in the blood 4 hours after tissue dam-
age and reaches a maximum in 24—72 hours. The
absence of slow kinetics in the early stages of the dis-
ease with an extremely high level of CRP indicates
an anergic response of cellular immunity with a high
activity of the inflammatory response and an
extremely unfavorable prognosis for the develop-
ment of sepsis. This model of response was observed
in four patients included in the study: two of them
died (on Days 7 and 19), two stayed in the intensive
care unit for more than 30 days due to the develop-
ment of complications (abscessed pneumonia).

Patients with insufficient intensity of slow
kinetics generally experienced a severe long-term
course of the disease with two cases of a fatal out-
come. This observation can be explained by the
absence of functionally active neutrophils in such
patients, with an increase in the number of neu-
trophils in the bloodstream only through functional-
ly inferior forms with predominantly extracellular
ROS. Functionally inferior neutrophils are unable to
effectively kill pathogenic microorganisms inside the
phagosome. In our opinion, the described deficiency
of neutrophil function provides a pathogenetic basis
of the complicated course of the disease with the
development of purulent-septic complications. It
should be noted that the normalized amplitude of the
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Cencuc

mestentbiii XJI-orBet Ha Baecerne OMJID bopmu-
pyeTcs 3a cueT aKTHBAINN (DAroIUTo3a N BHYTPHKJIE-
tounoil HapaboTke ADK. Takum 06pasoM, BBHICOKYIO
WHTEHCUBHOCTb M€JIJIEHHON BCITBIIIIKH MOYKHO MHTEp-
MIPeTUpoBaTh, Kak MPH3HAK 3(DGHEKTUBHOTO BHYTPH-
KJIETOYHOTO YHIYTOKeHUsT Oakrepuit. Vimento 6maro-
Iapst  CyOHOMMyJISAIUE  HEWTPODUIOB € BBICOKOU
AKTUBHOCTBIO BHYTPHUKJIETOUHOTO OaKTEPUaTIbHOTO
KWJUTMHTA peajn3yeTcss HOPMIPTHIECKHH OTBET opra-
HHU3Ma Ha 0KOTOBYIO TOKCEMHIO U CETTUKOTOKCEMUIO C
HocJIeayIonell peKoHBajlecLeHIue.

IMossienne ypostst CPB, Gesika octpoii (hass,
B KPOBI HAYMHAETCS Uepe3 4 uaca Mocyie TKAaHeBOTO
TTOBPESK/IEHUS, IOCTUTAaeT MaKCUMyMa uepe3 24—72
yaca. OTcyTCTBHE MeJIJIEHHOW KUHETUKW HAa PAaHHUX
cpokax 3a0b0/ieBaHUsI TIPU Kpaiiie BHICOKOM YPOBHE
CPD cBuzetebeTByeT 06 aHEPTIHIECKOM OTBETE KITe-
TOYHOTO UMMYHUTETA TIPUA BBICOKOW aKTUBHOCTHU BOC-
MAJUTETBHOTO OTBeTa W KpaiiHe HeOJIaronpusaTHOM
IIPOTHO3€e Pa3BUTHS cericuca. Takyio MoOJesh OTBeTa
HAOMIOMAIN Y YeThIPeX MAlUEHTOB, BKJIIOYEHHBIX B
nccaeloBaHme: IBOe M3 HUX cKOHYasnch (Ha 7 u 19
CYTKU 3a60JI€BAHN ), TBOE MPEOBIBAN B PEAHNMATIH-
OHHOM oTziesieHn Oosiee 30 THEN M3-3a PA3BUBIIMX-
cs1 OCJIOKHEHNH (abCcieanpyoIas THEBMOHMS ).

B 1esiom, y manueHToOB ¢ HEJOCTATOYHON WH-
TEHCWUBHOCTBIO MEJIJIEHHOW KWHETUKU OTMEYaJH Tsi-
JKeJloe JUTUTENhHOE TedeHne 3a00JeBaHusl; B JBYX
Cy9asix C JETATLHBIM MCXOAOM. JTO HabIofeHue
MOZKHO OOBSICHUTD OTCYTCTBHEM Y TaKUX ITAI[HEHTOB
(byHKITMOHAIILHO aKTUBHBIX HEUTPOMUIOB, TIPU yBe-
JIMYEHUW YMCJIEHHOCTH HEUTPO(PUIOB B KPOBOTOKE
TOJIBKO 32 CYeT (DYHKINOHATHHO HETOJTHOIIEHHBIX
(hopM ¢ MPEeNMyIIECTBEHHO BHEKIETOUHON HapaboT-
kot ADOK. OyHKIIMOHATBHO HEMTOJHOIEHHbIE HENT-
poGUIIBI HecTocOOHb! 3(MHEKTUBHO YHIUTOKATD Ma-
TOTEHHble MWKPOOPTAHW3MBbl BHYTPHU (harocom.
Ommcannpii ebuuT GYHKIUN HEUTPOGUIOB, 110
HallleMy MHEHWIO, SIBJISETCS MaTOTeHeTHIecKoi oc-
HOBOH OCJIOKHEHHOTO TeueHusT 3a00Ie€BAHUS ¢ Pas-
BUTHEM I'HOIHO-CENTHUECKUX ocIokHenuit. [Ipume-
YaTeJbHO, YTO HOPMHWPOBAHHAs  aMILIUTYy/a
mejierHoro oreera Ha GMJID curnamusupyer o Ha-
pylIeHusX (QYHKIUN HEUTPOhUIOB yXKe B TepBbIe
TPOE CYTOK 3a00JI€BAHUS, CJETOBATETBHO, HTOT Map-
Kep MOJKeT ObITh IEPCHEKTUBEH B KAUECTBE PAHHETO
MPEMKTOPA TeYeH s 0KOTOBOH Gose3nu. Takum 06-
pasoM, oOHAPYKEHHAST 3aBUCUMOCTD MHTEHCUBHOCTH
MeJIJIEeHHOU KWHETHKH OT COZIepKaHus HeUTPO(hUIOB
XapakTepuayeT ONTUMAJbHBI (HOPMAPIUYECKUH )
BapUaHT OTBETa OpPTaHW3Ma Ha BHeApeHue WH(hEK-
[[UK [IPU OKOTOBOM GOJIE3HH, KOTOPBIA MOKET CIy-
JKUTh MHANKATOPOM GJIarOTPUATHOTO MTPOTHO3A.

3akaouyeHue

[Ipumenenne 1mMoaxo/a, OCHOBAHHOTO HA JIBYX-
CTAIUIHON CTUMYJISIIUN HEHTPO(PUIOB, TTO3BOJIIIO

slow response to fMLF signals violations of neu-
trophil function already in the first three days of the
disease, therefore, this pattern can serve as a promis-
ing candidate biomarker for early predicting the
course of burn disease. Threfore, the observed depen-
dence of the intensity of slow kinetics on neutrophil
counts features the optimal (normal) variant of the
organism's response to the infection in a burn dis-
ease, which can serve as an indicator of a favorable
prognosis.

Conclusion

The use of developed method of two-stage stim-
ulation of neutrophils made it possible to significant-
ly improve the CL analysis. The increased signaling
contributed to more enchaced sensitivity of the
method. In addition, the priming effect of PMA on
neutrophils promoted standardization of the kinetics
of the CL response to the main secondary stimulus
(fMLF). As a result, a system of standard indicators
for the evaluation of the functional activity of neu-
trophils in burn patients was proposed.

The developed method enabled new informa-
tion on the generation of active forms of oxygen by
neutrophils in burn disease. In a number of cases, a
second phase («slow» flash) occurs after the first
phase of a respiratory explosion («rapid» flash). A
slow flash can be explained either by the variety in
populations of neutrophils («rapid» and «slow» neu-
trophils), or by two different processes of ROS pro-
duction in one population (extracellular and intra-
cellular).

A «slow» flash of CL-response is typical for
patients with severe thermal trauma (from the first
day of the disease). The intensity of the normalized
amplitude of a «slow» flash with a normergic
response of the body is directly proportional to the
number of neutrophils. A low intensity of slow kinet-
ics with a low content of neutrophils is typical for
patients with an easier progression of burn disease.
High intensity of slow kinetics at a high content
indicates a favorable prognosis for the development
of burn disease in severe patients. With a high con-
tent of neutrophils, the insufficient intensity of slow
kinetics enables a prediction of a severe long-term
course of the disease with a likely lethal outcome and
purulent-septic complications.

Thus, it can be argued that the proposed tech-
nique is promising laboratory method for evaluating
the functional activity of neutrophils. It can provide
valuable information in terms of the prognosis of
development and severity of purulent-septic compli-
cations in patients. It can also be applied to obtain
early indicators of the treatment efficacy. In the long
term, it seems advisable to increase the number of
subjects and also to test the technique on patients
with sepsis of various etiologies.
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3HAYUTEJLHO YIIYUIIATh AHATUTHYECKIE XapaKTePUC-
tnkn XJl-anammsa. Tak, ycuseHne WHTEHCUBHOCTU
CHTHaJla CrocOOCTBOBAJIO TIOBBINIEHUIO Pasperiaro-
1ieit crrocoGHOCTH METO/IA |, KaK CJIEJICTBHE, €ro TyB-
CTBUTEIBHOCTH; KPOMe TOro, ahdeKT mpaliMiuHTa Heil-
tpoduios MMA crocobeTBOBaAI CTaHAPTU3AMN
kuHeTnkn XJI-oTBeTa Ha OCHOBHOW CTUMYJ
(dMJID). B pesysbrare mpeniokeHa CUcTeMa CTaH-
JIAPTHBIX TIOKa3aTesrelt 71 OleHKY (hyHKITUOHATBHOM
AKTUBHOCTH HEUTPO(UIOB Y 0KOTOBBIX OOJIBHBIX.
Pa3paboTanHbIii METO TO3BOJMI TTOJYIHUTH
HOBYIO MH(MDOPMAIIHIO O TPOAYKITUU aKTUBHBIX (hOPM
KHCJIOPO/Ia HEUTPOGUIAMK [IPU 0KOTOBOI HOJIE3HH,
a IMEHHO, B psjie cIydaeB 1ocye TepBoii dhasbl pec-
[UPATOPHOTO B3PbIBA («ObICTPasi» BCIIBIIIKA) TIPOUC-
XOZUT BTOpas (asza («MeJIeHHast» BCIIbIITKA). Mej-
JIEHHas BCIIBIIIKA MOXeT ObITh 00bsICHEHA JOO
HAJIMYMEM PasHbIX TOMYJISIINA HeUTpohuios («Obi-
CTPBIE» W «MeJJIEHHbIe» HEUTPOUIIbL), THOO ABYMS
pasubimu iporteccamu mpoaykinu ADK B oxHoil 110-
MyJISTUN — BHEKJIETOYHOTO W BHYTPUKJIETOUHOTO.
[TosBrenmne «MenmeHHON» BCHbIKu XJI-0TBe-
Ta XapaKTepHO st GOJBHBIX ¢ TSIKEIOM TepMudec-
KO¥1 TpaBMOIi, IPUYEM C TIEPBBIX CYTOK 3200/ I€BAHMSL.
WHTEHCHBHOCTH HOPMUPOBAHHOM aMILTUTY/IBI «MeJl-
JIEHHOW» BCITBITITKY TIPY HOPMAPIHUECKOM OTBETE OP-
raHn3Ma MPsIMO TPOTIOPIIMOHATIbHA KOJTMYECTBY Heli-
TpoduaoB. Huskasd WHTEHCUBHOCTh MeAJTE€HHON
KUHETUKHU TPU HU3KOM COJIePsKaHUN HEUTPO(PUIOB
XapaKTepHa jJis1 GOJIBHBIX ¢ 60JIee JIETKUM TeYeHIeM
03KOTOBOI O0JIe3HU. BhICOKAass MHTEHCUBHOCTh MeJI-
JIEHHOW KWHETWKU TPU BBICOKOM COJIEPKAHWHU CBU-
JIETEJILCTBYET 0 GJIATONPUSATHOM [IPOTHO3E Pa3BUTHS
0’KOTOBOIT 6OJIE3HN Y TSIKEJIBIX 00IbHBIX. [Tpu BBICO-
KOM COJIepKaHUN HENTPODUIOB HEJOCTATOUHAS WH-
TEHCUBHOCTDb MEJIJIEHHON KUHETUKHU MTO3BOJISIET TIPO-
THO3MPOBATh  TsXKeJOe JITUTeJbHOE TedeHue
3a00JI€BaHUSI ¢ BEPOSITHOCTBIO JIETATBHOTO MCXO/Aa U
THOWHO-CENTUYeCKUMU OCTIOKHEHUSIMU.
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Takum 06pasoM, MOKHO YTBEPIKIATh, UTO MPe/l-
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HEUTPODUIOB ¥ MOXKET JaTh IEHHYIO WHMOpMAIIIIo
B IJTaHE TTPOTHO3a PAa3BUTHUS U TSKECTH THOWHO-CETT-
TUYECKUX OCJOKHEHUH y MAIMeHTa, a TaKKe MOXKeT
WCIIOJTb30BATHC /LIS TIOJTYIEeHUST OTIePesKA0NTNX WH-
JUKATOPOB 9(h(MEKTUBHOCTA IIPUMEHSIEMOTO Jiede-
Hus. B nepcrekTuse npejacTaBiaserca 1meaecoobpas-
HBIM YBEJIMYUTh YHCJIECHHOCTh OOCJTEIyeMBbIX, a
TaKsKe alpoOUPOBATh METOJIMKY Ha TTAI[HEHTaX C Cell-
CHCOM Pa3INIHON STUOJOTU.
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