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

(DYHKIH/IOHaJIbHaH dKTHBHOCTb HeﬁTpO(bHHOB IIPHA OKOrOBOM CeEIICHUCE

. B. O6pasuos’, M. A. Toakos?, B. B. Kyna6yxos?,
I A. Bragumuposa’, /1. 10. Uamaiinos’, E. B. IIpockyprauna’

' TocynapeTBenHblil HayuHbIi 1IeHTpP KoJtonpokTosornu M A. H. Peoknx Munszapasa Poccun,
Poccus, 123423, . Mocksa, yi. Cansama Axnis, 1. 2
* HUM cxopoit nomomn nm. H. B. Ckandocosckoro,
Poccms, 129090, r. Mocksa, bonsmas Cyxapesckas 1., 1. 3
> UucturyT xupyprun um. A. B. Bunnesckoro Munsapasa Poccun
Poccus, 117997, . Mocksa, yi. Boapmas Cepryxosckas, 1. 27
" @axyssrer hyHAAMEHTAIBHON MeUITMHBI, MOCKOBCKHIT TOCy1apcTBeHHbIil yHuBepcuteT uM. M. B. Jlomonocosa,
Poccust, 119192, . Mocksa, JloMoHOCOBCKUT 1p-T, 1. 31-5

Functional Activity of Neutrophils in Burn Sepsis

Igor V. Obraztsov', Mikhail A. Godkov? Vladimir V. Kulabukhov®, Galina A. Vladimirova’,
Dmitry Yu. Izmailov’, Elena V. Proskurnina’

' A. N. Ryzhykh State Scientific Center of Coloproctology, Russian Ministry of Health,
2 Salam Adil Str., Moscow 123423, Russia
?N. V. Sklifosovsky Research Institute of First Aid,
3 Bolshaya Sukharevskaya Square, Moscow 129090, Russia
* A. V. Vishnevsky Institute of Surgery, Russian Ministry of Health,
27 Bolshaya Serpuhovskaya, Moscow 117997, Russia
* Faculty of Fundamental Medicine,Lomonosov Moscow State University,
31-5 Lomonosovsky Avenue, Moscow 119192, Russia

TenpeHnus K pa3BUTHIO U TeHepaIU3aiy UHQEKITH Y TTallneHTOB C TSUKEJION TEPMUYECKOI TPAaBMOI peaiu-
3yeTcs 3a CUeT KOMILJIEKCHOTO BJIMSIHUSL TEPMUYECKON TPaBMbl HA UMMYHHYIO cuctemy. OcobeHHO cTpajiaet (aro-
[UTapHAs CUCTEMA, IPE/ICTABICHHAS, B ICPBYIO 04Yepe/ib, HEHTPODUIBHBIMUI IPAHYJIOUTAMU.

Ienb uccnemoBaHus: ornpejiesieHiie ANHAMUKY U3MeHeHus QyHKIIMOHATbHON aKTUBHOCTU HEHTPODUIOB y Ia-
IIIEHTOB C TEDMUYIECKON TPABMOM, & TAKIKe ee MPOTHOCTUYECKOI 3HAUMMOCTH IIPU PAa3BUTUN FHOMHO-CENTUYECKUX
OCJIOKHEHUI 03KOTOBOI GOJIE3HU.

Marepuasbl u MeTozpl. DYHKIIMOHATIBHYIO aKTHBHOCTH HEUTPO(MIIIOB OTIEHMBAJIN HA OCHOBE CIIOHTAHHOTO U UH-
JLyLIUPOBAHHOTO XEMUJIIOMUHECIIEHTHOTO OTBETA IIE€IbHON KPOBY [IPU TOCJIEA0BATEIbHO cTuMyJsiiiuu (popoos-12-
mupucrar-13-arerarom (OMA) 1 N-dopmui-mernonusi-neinui-henuiamanusaom (GMJID). Bouio 06cienoBato
34 nanueHTa ¢ 0K0roBoii 60JIE3HBIO IPU PA3HON TSIKECTU TEYEHUsI 0KOTOBOI GOJIE3HU U B IMHAMUKE HAOJIIO/[EHMSL.

Pesyabrarel. Pazpaborannast HoBasi MeTOIMKa ObLIA MCIOIb30BAHA [IJIsT HCCJIEI0BAHIS 1[eJbHON KPOBH MAIU-
€HTOB € 03KOrOBOM OOJIE3HBIO, TTOJIYIEHBI IAHIbIe 0 (hYHKIIMOHAIBHON aKTHUBHOCTH HEUTPOMDIIIOB TIPH PAa3HOIT Ts-
JKeCTH TedeHust 00JIe3HN 1 B IMHAMUKE, B pesyJibraTe aHa/M3a XeMUJIIOMUHECIIEHTHBIX KPUBBIX PA3BUTHUST PECITH-
PaToOPHOTO B3PbIBA HEHTPOMDUIOB BBISBJIEHBI TIOKA3aTEH, XapaKTEPUIYIONINE COCTOSIHUE UMMYHHOW CHCTEMBI, a
UMEHHO: O[HO— WJIH JBYX(Da3HBII OTBET HA CTUMYJI, YeJAbHAS AKTUBHOCTH HEUTpOobuia «GbicTpoil hasbl», yi1eb-
Hast aKTUBHOCTb HEUTPODUIIA «MeJJIEHHON (has3bi».

3akmoyenue. Pe3ysbTaTsl O3BOIMIIN BBIIETUTD TEHAEHIINN U3MEHeHUs (DYHKIIMOHAIBHON aKTHBHOCTH HEli-
TPOhUIOB TIPU 03KOrOBOH GoJtesHu. TIpe/ioKeHbl INarHoCTHYeCKHe U NPOTHOCTHYECKUE TToKasaTe i (hyHKIHO-
HaJIbHOU aKTMBHOCTU HEUTPOMUIIOB /IS OLEHKHU TsKeCTH GOJIE3HU U TIPOTHO3a CENITHYECKOro MPOLecca.

Kmouesvte cnosa: xemumomunecuenyus; QyHKYUOHAILHAS AKMUBHOCTy HEUmpPODULO8; 0JC02068As MPABMA;
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
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BBenenne

[TpoGieMa JiedeHUsT OKOTOBOU OOJIE3HU U ee
OCJIO)KHEHUI He TepseT aKTyaJbHOCTH JI0 HACTOS-
niero Bpemenu [1]. B cTpykType JieTaabHOCTH TS-
JKETOOOOKKEHHBIX BEYIIEE MECTO 3aHIMAET WH-
(bexnms, nmpuBoAAIIad K Pa3BUTHIO THEBMOHUU U
cenicuca [2]. PagBuTne u renepanmsanus nHGEKIUN
y TSKEJI0000KIKEHHBIX PEaTU3yeTcs 32 CUeT BJIUSI-
HUS TEPMUYECKOI TPaBMbl HA UMMYHHYIO CUCTEMY;
B 0COOGEHHOCTU CTpajaeT (haroruTapHOe 3BEHO MM-
mynurera [3—5]. uchyukumsa dbaroruTos nposis-
JISIETCSI B HAPYIIEHUH YHUUTOKEHUsT OaKTEPHil, U3-
MEHEHUWM YPOBHS CEKpelUu HUHTEPICHKUHOB U
IIUTOKMHOB MakpodaramMu, akTUBAIIUU W JleTPaHy-
JIAIUN HEUTPOPUIIOB € Pa3BUTUEM OKUCJIUTENBHO-
ro crpecca [6—8]. OmmcaHHble MeXaHU3MBI 00yC-
JIABJIUBAIOT CHUCTEMHOE TIOBPEX/IEHWE TKaHEH,
MPUBOJISAIIECEe K PA3BUTHUIO TTOJUOPTAHHON HerocTa-
TOYHOCTHU 1 rHOEJN TTalueHTa.

[Toaromy orenka hyHKITH (haromuTapHOTO 3Be-
HAa UMMYHUTETA T1eJIecO000pa3Ha Ha BCEX CTAISIX 0/KO-
roBoii 6osiezru. ITpu 3T0M 0cOGYI0 POJIb UTPAET OIpPe-
JieJieHe aKTUBHOCTU HEUTPO(MUIOB KaK KIIOUEBBIX
a(h(EKTOPHBIX KJIETOK, OTBETCTBEHHBIX 32 Pa3BUTHE
BOCIQJIEHUSI M THOWHO-CENTUYECKUX OCJIOKHEHUN
npu 03K0roBoil Gosesun [1—3]. BoisieHue HeilTpo-
(bmbHOI TUChYHKITN TTO3BOIUT CBOEBPEMEHHO TTPO-
THO3UPOBATDH T€UEHHUE OKOTOBOU OOJIE3HM U PA3BUTHE
THOMHO-CETTUYEeCKUX OCa0KHeHni [9—11].

CyitiecTByeT 1Bl Psiji METOJMK OIEHKU Gak-
TeputiuHocTu Helitpodunos [12, 13]. boabmmHcT-
BO U3 HUX WJIH TPYAOEMKH, WJIH CyOBEKTUBHDI, 4TO
HCKJII0YAeT UX UCTI0JIb30BAHNE B KAUeCTBE CKPUHIH-
TOBBIX TECTOB MPU UCCIIE0BAHUE OOJIBITNX KOHTHH-
TeHTOB OOJIbHBIX WJIHM MOCTPAAABIINX. B KIMHUYEC-
KUX HKCHEPUMEHTATBHBIX HMCCIACIOBAHUAX YaCTO
HCHOJIb3YETCS MeTO/l XeMuoMuHeciieHTHOTo (XJI)
ananuza neiirpoduiosn |14, 15]. Takoit moxxon mos-
BOJISIET PETUCTPUPOBATH KJIETOYHYIO AaKTHBAIUIO B
MPOIIECCE €€ PA3BUTHUST; OH 00JIaJIaeT BBICOKOU UYBCT-
BUTEJBHOCTHIO M UCKITIOUAET CyObhEKTUBHbII (hakTOp
paboThl oriepatopa. ABTOpamu paHee pazpaboTaH HO-
BBIN TToixon XJI-aHanu3sa e bHON KpOBU, OCHOBAH-
HbIIl HA aKTUBALMKM HEUTPOMUJIOB TOCJEN0BATEb-

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 BHECEHMEM JIBYX CTUMYJIOB C PA3JIMYHBIM MeXa-
HU3MOM JlelicTBust:  (hopOoJI-MupHCcTaT-alerara
(OMA) u N-bopmusi-meTuoHmI-TeRIUI-hennia-
gaanna (GMJID) [16]. IToT MOAXOM, UCTOIB3YIO-
MM PerucTpaIuio CUHTE3a CYNEePOKCHUJI-paJnKaa
HeliTpodmiamu Bo BpeMenn (kKunetmdeckas XJI),
MO3BOJIMJI TIOBBICUTH MH(GOPMATUBHOCTD METO/IA 32
CYeT HOBOM KOJIMYEeCTBEHHOU nH(popmaru (y1emib-
HOU pajinKaJI-IIpoyIIUPYIOIIel akTUBHOCTH HEUTPO-
dbua, obIeil pauKaJIbHON aKTUBHOCTH HEUTPOhU-
JIOB, IIOKasaTejiell  CIIOHTAaHHOM aKTUBHOCTH,
MoKazaTeseil CTUMYJIUPOBAHHON aKTUBHOCTH, KOA(-
umenta aktuBaimyu, koadduirenTa 3aTyxaHus),
a TakKe YJIYYIIUTh TOYHOCTb METO/A 32 CUET MMOBBI-
MIEHUsT BOCIIPOM3BOAUMOCTU IIPU paboTe ¢ OHOBPe-
MEHHOI perucrpaieil mpod B 12-KaHAJILHOM IpHU-
6ope. B Hacrosmieil pabore oleHeHa KIMHUYECKas
3HAYMMOCTD ITOTO METO/A Y MAIMEHTOB C OKOTOBOI
TPaBMOIi B 3aBUCUMOCTHU OT TSI?KECTU TPABMBbI, COCTO-
SHUS U UCXO/Ia, B TOM YHCJIE U TSl PAHHEH InarHoc-
TUKW 'HOWHO-CENTUUYECKUX OCTOXKHEHUN.

Marepuan u MeTobI

B nccnenopanuu yyactBoBaan 34 mnanueHTa U3 oT-
neseHui oskoroBolt peannMarmu HUW cxopoit momo-
mu uM. H.B. Ckamndocosckoro n MHcTUTYTA XUPYPTrUn
uM. A.B. Bumnesckoro. Kpurepun BKoYeHUs: maiu-
eHTBl C OXKOraMM IJlaMeHeM, Bo3pacT Memnee 70 JeT.
Kpurepuu nckiouenus: Bozpact 6osee 70 Jet, OHKOJIO-
rUdecKast Win reMaToJIoTnIecKasi HaTororus, TyoepKy-
nes, BUY-undexumsa. Cpeannii Bozpact obcrenoBan-
HBIX cOoCcTaBu 32,4 rojia npu CTaHAAPTHOM OTKJIOHEHUW
11 ner (xoadpdunment Bapuanun V=35%), 4To Xapak-
TePU3YyeT IPYIILY KaK yMepeHHO HeOAHOPOJIHYIO 110 BO3-
pacty. CootHomnienne My>kunHbI/skeHITHBI=10:7. Cxe-
Ma HCCJIeI0BAHMS pUBeieHa Ha puc. 1.

CymmapHasi momnaap oxoros cocrasmiaa 10—54%
(35,2% B cpejiHeM ) MOBEPXHOCTH TeJia, TUIOIA/b TIYOOKUX
oxoroB — 0,5—40% (12% B cpennem), ungekc Dparka
(D) — 10—130 (64,5 B cpenrem). Bee nanmeHTsr mosry-
YA CTaH/IaPTH30BAHHYTO TEPAITHIO.

[IrannpoBanne 1 OpraHU3aIns dKCIEPUMEHTA TIPOBO-
JIMJIA B COOTBETCTBUM ¢ TPeOGOBAHUSAMU HaJJIexKallel Kiiu-
HIYecKo mpaktuku. OnpeesierHre MUHUMATBHOTO Pa3Me-
pa BLIOOPKU TIPOBOIMJIKM TaKUM 00pPa3oM, 4TOOBI B KasKIOM
ciydae 06ecrieduTb TPUMEHUMOCTh OOBEKTUBHBIX KPUTE-
PHEB CTATHCTUYECKON MOIIHOCTH W KJIUHWYECKOH IPaBo-
MEpPHOCTU HCCJIeoBaHus. BbrIGOPKY peaHMMallMOHHbBIX
6OJIbHBIX C(HOPMUPOBAIN TIPOCTHIM CJIETIBIM METOIOM (OT-
cyrcTBUe CyOBEKTUBHOIO BJIUSIHMS UCIBITYEMOIO Ha pe-
3YJIBTATBI KCCJIEN0BAHUS; 0OBEKTUBHO U3MeEPsieMble 1pubo-
paMu pe3yJsbraThl J1abOPAaTOPHBIX TecTOB). B maHHOM
cyryJyae 3HaYEHIe IPOCTOTO CJIETIOr0 METO/IA OPEIeISIeTCsT
TeM, 4To peayabraThl usmepenuii XJI orsera sssiorcs
O0OBEKTUBHO U3MEPSEMbIME TPUOGOPOM OOBEKTUBHBIMU
OIIEHKaMH, B OTJITYHE OT KAYeCTBEHHBIX KPUTEPHEB MCXOIA
9KCIIepUMeHTa (TaKMX, HAIPUMEP, Kak 00Jib, BbIPAKEH-
HOCTB OTEKOB HJIM KA4eCTBO JKU3HU IAIMEHTa), OIleHKA KO-
TOPBIX POBOUTCS HCCenoBareseM cyobektuBao. Cpokn
obcaeoBanust coctapuian 1—2 cyrku, 3—7 cytim, 8—15
CyTKH, 15+ CyTKU mMOCTIe 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

—

\

Did not meet
the inclusion
criteria: 7

%

Met the inclusion
criteria: 34

Chemical burn,

34 patients

3a nepuoj ucciaea0BaHUs
noctymui 41 manueHT

—

\

He cootBeTcTBOBaIN
KPUTEPUSIM
BKJIIOYEHHUs: 7

Coo0TBETCTBOBAJIH
KPHUTEPHUAM
BKJIIOYEHHUS: 34

v

\’

XuMH4YEeCKHii 0KOT,

old age — 1 were examined
Burn with boiling
water — 3

HIV infection — 2
Rectum cancer,
after radiotherapy — 1

O6caenoBano
34 nanuenra

No>kKuiIoit Bogpacr — 1
O:xor KunsaTKoM — 3
BUY-undexnus — 2
Pak npsamoii kuimku,

COCTOSIHHUE TIOCJIe

Jy4eBoi Tepanuu — 1

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

Puc. 1. Cxema BKI0YeHHs GOJIbHBIX B HCCIea0BaHHUE.

Ta6muua 1. O6ciae0BaHHbIE TAUEHTDI C TEPMHUYECKON TPABMOIA.

Table 1. Examined patients with thermal trauma.

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

Men 12 8 20

‘Women 6 8 14

IIpumeuanue. us ta6a. 1, 3: Patients — Gosbrbie; Women — skenmmibl; Men — myskunnbl; Frank Index (F1) — ungeke @parnka

(N1 ®); Total — Bcero.

COBOKYITHOCTD 0OCTEMOBAHHBIX PA3ACTUIN Ha TPYII-
IIbI B COOTBETCTBUU C TSXKECTBIO TEPMUUYECKON TPABMBI 110
nngexcy Opanka u 1o rengaepHoMy npusHaky (tada. 1).
JlnarHocTrKy 0KOroBOrO III0KAa IPOBEJM HAa OCHOBAHUU
3HAYEHMI IMOKOBOTO MHJIEKCA C TIOIPABKOH Ha BO3pacT
[17]; mox nabmomamn y Beex manuertos ¢ UMD > 70. Kiau-
HUYECKN OMPEIEISIIN CHHAPOM CUCTEMHOTO BOCTIAJIUTE -
Horo orBeta (CCBO) cormacuo kpurepusm [ 18]; mnaammu-
YEeCKYyIO OILEHKY MoJinopranHoi Hepocrtatounoctu (ITOH)
Boinoaauan 1o mkaixe SOFA (Sequential Organ Failure
Assessment). [Ipu atom CCBO paszsuics y 18 naruenTos,
CPEli KOTOPBIX [[MATHO3 <«CENCUC» ObLI ycTaHoBjieH y 6
GOJIbHBIX Ha OCHOBaHMM yBesandeHus sHaueHust SOFA na 2
u GoJiee Mpu nepcuctTupyroiem odare uudeximu [16].

[l npoBesieHUS XEMUJIIOMMHECIICHTHOTO aHaIN3a
MCIIOJIb30BAJIM CJIE/LYIONME PEAKTUBbL: JIIOMUHOJ (Sigma-
Aldrich); pactBop Xenkca ¢ TI0K030# 6e3 KpacuTesst
(UnctutyT nosamomMuesnta 1 BUPYCHbIX 9HIIeGaTnTOB UM.
M.II. Yymakosa PAMH), crabunusupoBanubiii 2 MM
HEPES; N-dopmui-mernonui-sieiuia-ennaaianun
(PMJIID), popbo-12-mupucrar-13-anerar (PMA) (Bce
Sigma-Aldrich).

XeMUJIIOMUHECIIeHTHAsT METOJMKA OIeHKH (DYHKIINO-
HaJbHOW akTHBHOCTH HelTpodmioB [16]: Ouenky dynk-
IIMOHAJIBHON aKTUBHOCTU HEHUTPO(GUIOB TTPOBOININ B CO-
OTBETCTBUU ¢ Pa3pabOTaHHBIM paHee II0AXOJ0M,
OCHOBAHHBIM Ha JIBYXCTAJIMIHON CTUMYJIAIIMU HEHTPOhU-
JIOB 1ipu iocsiesioBatesibHoM BHeceHt MMA u ¢MJID.

Bo Bcex orbiTax B3sTHE 5 M KPOBHU OCYIIECTBIISIIN U3
KyOUTAIBbHON BEHbI B BAKYTEHHEPHI ¢ TeMapuHoM (KOHed-

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 (cpy,=0.081 nM) was added. After
20 minutes of incubation 55 ml of 100 mg/ml fMLP
(¢imrp=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).
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Hasl KoHIlleHTpauus renapuaa — 5 EJ[/mu). O6pasipl Kpo-
BU MAIMEHTOB XPAHIJIN /10 aHAJII3a He HoJiee IBYX JaCOB.

B KioBeTy XeMUJIIOMHHOMETpa BHOCHIN 450 MKJT cpe-
1ol 25 M 1 MM pactBopa momMuHOMA (KOHEYHAS KOH-
nerTpanust ¢,=45 MKkM), 25 MKJI 11eTbHON KPOBU U PETUC-
TPUPOBAJM  CIOHTAHHYIO XEMUJIOMUHECIIEHIINIO B
teyenue 10 munyt. Jobasasamu 50 Mk 0,5 mxr/ma OMA
(coma=0,081 HM). ITocste 20 MuHYT MHKYOAIUE BBOANIIM
55 M7 100 MxM dMJID (cppnep=10 MxM) 1 permctpn-
poBanu XJI-oTBeT B TeueHUe He MeHee 60 MUHYT.

Nsyuanu ¢hopMy KUHETMIECKUX KPUBBIX U AHATUTHU-
YeCcKuil oKazaTesb — aMIIuTy Ly XJI-curuasna mocse cTu-
myssiiinn OMA+OMIID (puc. 1), HOpMUPOBAHHYIO Ha
KOJIMIECTBO HEHTPOhUIOB. JJaHHbIE COTTOCTABIISIIN C KIIH-
HUYECKMMU HAOJIOJCHUSAMU U pesyJsbrataMu jabopaTop-
HBIX MCCJIeZIOBAaHN.

Jlnst cratucTnyeckoil 06paboTKY JaHHBIX U rpaduyec-
KOT'O IIPE/ICTABJIEHNST PE3YJILTATOB MCIIOJIb30BAIM CTAHAPT-
HbIEe IPOrpaMMHbIE POJIYKTHI: akeThl Excel (¢ mpumnoskeru-
em StatPad) (Microsoft, CIIIA) u STATISTICA (StatSoft,
CIITA). /1711 oripesiesieHnst OZIHOPOJTHOCTH U3YYaeMbIX TTOKa-
3aresieil aHAJIM3UPOBAJIN TIOJTyYeHHbIE BEJIMYNHBI TI0 OTHO-
MIEHNIO K HOPMATBHOMY OJKUIAEMOMY PACIIPEIETIEHUIO C HC-
nosibzoBanueM kpurepust Hlamupo-Yusrka. st cpaBnenust
TPYII UCIOJIb30BAJIH TTapaMeTpruiecKue (C OMOIIBIO {-KpH-
tepust CThIOZIEHTA) 1 HeTlapaMeTpruiecKue (€ TTOMOTITBIO KPH-
Tepust MaHHa- YUTHU) METO/Ibl CTATUCTHYECKOIT 00PpabOTKY.
PesysibraThl nccae0BaHms /7 IEPEMEHHBIX ¢ HOPMaJIbHBIM
pacripeziesienueM tpescraBienst B (opmate M+o (M —
cpejiiisisi apuMeTHIecKasi, ¢ — CTAHAAPTHOE OTKJIOHEHHUE).
JLJ1s1 IepeMeHHBIX ¢ MHBIM pacIipe/ie/ieHeM YKa3aHbl Me/ia-
Ha ¥ MHTEPKBAHTIJIBHBIN pasmax. Kpurmdeckoe 3HaueHme
YPOBHSI 3HAYUMOCTH P TPUHUMATIOCH paBHBIM 0,05,

Pe3yabraThl 1 00CYK/IEHHE

st onenku (PyHKIIMOHAIBHOU aKTUBHOCTH
HEUTPO(DUIOB y HMANUEHTOB € 0KOTOBOI 0OJIE3HBIO
Oblia TpuMeHeHa paspaboranHas Hamu XJI-mero-
JIMKA C JIBYXCTAQUUHOW CTUMYJIsIIIUel HeuTpodu-
JIOB, TIPY OMOIIM KOTOPO#l paHee OBLIO 06CIen0Ba-
HO 90 mpakTUuYecKu 3/0POBBIX JOHOPOB. Bo Bcex
calydasix JUIsl JJOHOPOB TOJIyYaJdu eIuHOOOpasHbIe
KUHeTH4YecKue KprBble pa3Butus XJI, anasornynoie
KpuBoii Ha puc. 1, a. [locie npencrumyssiiiuun OMA
u BBesierust GMJIMD wabiroganu pe3Kuii poct cBede-
HUSI, KOTOPBI MOJKHO Ha3BaTh «OBICTPOiT» BCIIBIIII-
Ko#. [l KOJMM4YecTBEHHOTO ONMCAHUST Pa3BUTHS
OMA+OMJIID-crumynuposannoit XJI paccuutei-
BaJIi HOPMUPOBAHHYI0 aMILIUTYLy CUTHAJIA OBICT-
poii BCHbIKKU A* e (MaKCHMaIbHas MHTEHCUB-
HOCTb, [IeJICHHasg Ha 4YHUCJI0 HeUTpoduIoB).
PedepencHpiii naTEpBaN 78 3TOTO TOKA3ATEJSA
npuBe/ieH B TabJr. 2.

IIpu obcieoBanun OOJMbHBIX HAGJIOMAIM TPU
BapuaHTa paszBuTus XJI-kKpuBOH. Y NaIlMEHTOB ¢
JIETKUMU HEOCJIOKHEHHBIMHU OKOTAMU WJIM HA HTarle
peKoHBaJeCIeHIT KuHeTuka pa3sutus XJI coot-
BETCTBOBAJA MPOGMUIIAM, TTOJYUEHHBIM OT 37I0POBBIX
noHopoB (puc. 1, a). OnxHAKO B OCJIOKHEHHDIX U TH-
JKEJIBIX CIIydasix HaOJOaii Pa3BUTHE KUHETUKU

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 Mo (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 P to determine significance
between groups was 0.03.

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 «slows 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 3rd day
of the disease and it reached the highest amplitude
values on the 31—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
FI1>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*qpp, and A¥pypp,) 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. CraTHCTHUECKHE JJaHHbIC ITOKa3aTens A* ynip, XaPaKTePH3YIoNero (pyHKIHOHANbHYIO aKTHBHOCTh HEMHT-

poduios (n=90).

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

Index Median value

Interquartile range

Reference interval (2.5—97.5, percentile)

Afpnip, V/cell 4.13+10°

2.31+10° — 5.9510°

0.7010° — 14.20+10°

Mpumeyanue. [lns 1aba. 2, 3: Ay p, V/cell — A*gyjia, B/xm; Index — mokasatens; Median — menmana; Interquartile range — -
TepPKBApTUIIbHBIN pa3max; Reference interval — pedepercHblii maTepBasn; percentile — nporenTum.

Ta6mua 3. [Tokazarenu GpyHKIMOHAIBHON AKTUBHOCTH HEHTPO(DUIOB y IIALMEHTOR C 03KOTOBOM TPABMOIA.
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*pvips V/cell Decreased in 2 patients Within RI Within RI Within RI
SF 0 6 6 6
Men, FI>70, n=8
A*pvips V/cell Decreased in 4 patients Decreased in 2 patients Within RI Within RI
SF 2 6 8 8
Women, FI<70, n=8
Afpvips V/cell Within RI Within RI Within RI Within RI
SF 0 0 0 0
Women, FI>70, n=6
A*pvips 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.

ITpumeuanue. Values of index at the day of study — snauenus nmokasarens mo cytkam nccnenosanust; Decreased — cumsken; Within —
B npenenax; RI — pedepencuniii unrepsai; SF — «Me/jieHHast» BCIIBINIKA.

JIPYTOTO THUIIA — TOCJIE «OBICTPOIi» BCIBIIIKY BO3HNU-
KaJjia OTIOJHUTETbHAS WHTCHCUBHAS <«MEJJICHHASY
Beriblnka (puc. 2, a). B HEKOTOPBIX cydasx MHTEeH-
CUBHOCTb <«MeJJIeHHOW»> Benblmkn XJI Obia Ha-
CTOJIKO BBICOKOIA, UTO Jiesiajia HEBO3MOKHBIM OITpe-
JlelieHde  3HAYEHUs]  aMIUIUTYIAbl  «OBICTPOI»
BCIIBIIKHU (puc. 2, 8).

Passutne <«MemerHoii> Benbimku XJIy 06o-
JKOKEHHBIX 3a(DuKCcHpoBaiu Beero B 20 HaGJIIOIEHUSIX
u3 34 (60%). IIpu aT0M y GOJIBHBIX € CUHIPOMOM CH-
creMHOT0 BocnamuTesabHoro orBera (CCBO) mpu
MEPCUCTUPYIONIEM ouare WHMOEKITUN MeJJIeHHAS KH-
HeTuka Oblia 3apeructpuposana B 14 HabmoaeHUSIX
u3 18 (80%), y 6ompubix 6e3 CCBO — B 6 u3 16
(38%). B nenom, y nosoBunbl Myxkuun ¢ MD<70
Me/sieHHas Kunetnka XJI-oTBeTa ornpe/ensiach, Ha-
yrHas ¢ 3-X CyTOK 3a00JIEBaHUsI, W JOCTUTJIa HaM-
BBICIITUX 3HAUYCHUN aMIIUTY/IbI HA 3—7 CYTKH TIOCTe
TpaBMbI. Y KeHImuH ¢ MD<70 memeHHast KHHETHKA
He onpejessiach. B rpymme TsxKeno 060kKKEHHbIX
MysKIuH ¥ KeHInH ¢ UM>70 menneHHass KWHETHKA
XJI-orBeta ObLIa 3apErUCTPUPOBAHA Y BCEX MAIUEH-
TOB, HAUMHAsI ¢ 3-X CYTOK 3a00JI€BaHUs, & Y HEKOTO-
PBIX MareHToB u ¢ 1-x cytok (tabu. 3).

Paccuntanbl HODMUPOBAHHDIE aMILTHTY/IbI ObI-
cTporo u MeeHHoro orsera Ha GMJIID (A* 46 1
A* i) Y 00CTIEIOBAHHBIX 000KKEHHBIX. JI7151 MyK-
gua 1 ke ¢ UD<70 HopMupoBaHHAS aMILIUTY-
na 6pictporo oTBeta A*y, 4 ¢ HAXOAUTCA B Ipejie/iax
pedepeHTHOTO UHTEePBAJIA, I MYKUYUH U JKEHIIIUH C

the rapid response of A*y ., 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*qr..) 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*nypp and A*ppp.,) Was per-
formed depending on the number of neutrophils in
the blood of patients. The nature of the connection
between A*y 5, 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*yr., 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*y;r 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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N D>70 B HECKOIBKUX CJTy4astx B epBbie 7 JaHeit 60-
JIE3HU TOT MOKa3aTesb CHUXKEH, a TOTOM IIPUXO/IAT
B HOpMY (Tabu1. 3).

a
0 A
\!
. \
=
3 30
=
o o\
® AMLpfast o
A S
Ay Ao =
l A
. /\--—ar‘4'”ﬂ
o 20 I w0 s 0 100 120
Time, min
b
> 5 / iy n ﬂ"\\
R
E s {MW Wil v L, W
7] y Y
=
o
A
, .sp APMA AfMLP—fast AfMLP—sIow
o I ,‘( v v
0 o 0 0t w0 50 0 70 a0 0
Time, min
C
> X
z. \,
TN
: N
]
‘E 30
=
© o \H\\v\_\
A A . \
} Asp PMA fMLP-slow e
l v
° te n w | % M » ®
Time, min

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. XeMIWIIOMHHOTpaMMbI KPOBH IIAIIMEHTORB C 05KOTOBOW TPaBMOM NPHU /IBOITHOI ITOCIeI0BAaTEIbHOM CTUMYJISAIMHA.

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

Note. 1 — spontaneous response; 2 — pre-stimulation (priming) of PMA; 3 — the main stimulus of fMLF; Asr — the amplitude of the
spontaneous CL response; AMLF — the amplitude of the response induced by PMA; AIMLF — the amplitude of the rapid response
induced by fMLF after priming. @ — 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 — unrencusrocts XJI, B; Time, min — Bpems, mus; sp — ci; PMA — OMA; fast — 6bictpas; slow — men-
sennas (taxke st puc. 3). 1 — crontanusiit oteet; 2 — npeacrumysiiust (npaimunr) GMA; 3 — ocnosroii crumyn GMJID; Act —
amintyza cronrannoro XJI orsera; AOMA — amiunrya orsera, nuaynuposannoro @MA; AGMJIID — amiunTya GbICTPOro oTBe-
Ta, nHaynuposantoro GMJID mocse mpaiiMuHra. @ — npeBamupyer «ObicTpasi» kuHernka (oxor miameneMm 2—3AB cr. 50%, 3B — 40%,
3-e cyTku 3a6osieBanns); b — BbIpakeHa Kak «ObICTpasi», TaK U «MeJIeHHas» KuHeTHKa HeiTpoduios (oxkor miamenem 2—3ADb cr. 40%,
3B — 20%, 21-¢ cyTKu 3a60sieBaHNUs ); 6 — MPEBANUPYET «MeJJIeHHAass» KuHetnka XJI-otsera Helitpoduiios (oxkor miamenem 2—3AB cr.

25%, 3B — 10%, 5-e cyTKu 3a60JIeBaHNs).
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Cencuc

Cpennue 3HaYeHWS HOPMUPOBAHHOM aMILINTY-
AbI MEJIEHHOM BCIBIIKA (A*j,4) cOcTaBuim 1,02
10° B/xa g centudeckux naruentos u 0,85 10°
B/t juis manueHToB 6e3 cerncuca; pasjndus cTaTh-
CTUYECKH 3HAYMMBI 110 HellapaMeTPUIECKOMY KPUTe-
puto Manna-Yutau (U=236, z=5,7, p<0,001).

[TpoBesnu amanin3 HOPMUPOBAHHBIX AMILIUTY]L
OBICTPOTO U MeIEHHOTO 0TBeTa (A* 146 1 A jragn)
B 3aBHCUMOCTH OT 4YHCJA HEUTPODUJIOB B KPOBU
6obHBIX. XapakTep CBA3U MeKIy A* 4 1 COep-
JKAHUEM HEHTPODUIOB Y 0005KKEHHBIX COOTBETCTBY-
€T TAKOBOMY Y 3/I0POBBIX /[OHOPOB: ITPU YBEJIUYEHUU
cofiepxkanus HelTpoduioB ¢ 2 go 10 MutH/MI HOP-
MHUpPOBaHHasi amiuintyjga Obictporo XJI-oTBeta
(«yzesbHast» aKTUBHOCTD «OBICTPOTO» HEUTPOhUIIA)
OCTaeTCd TTOCTOSHHOM.

[Tone xoppenAanum A*y, ., ¥ COAEPKAHM Heli-
TPO(UIOB B KPOBU 00CJIEIOBAHHBIX OOJIBHBIX TIPEI-
craByieHo Ha puc. 2. OCHOBHAsS YaCTh TOYEK WH/IUBU-
IyaJbHbIX HaOogeHuil  dopmupyer 006JaKO ¢
HU3KON 9HTPOIINE, MoJlesTupyeMoe JIMHeHON 3aBU-
cumoctbio (R?=70,28%). Bce BwBImensiiommecst Ha-
GJIIOJIEHUSI TIPEICTABIISIOT COOON U3MEPEHU Y Taly-
€HTOB C JIMarHOCTUPOBAHHBIM CEICHCOM (BCETO
NIeCTh YeJIOBEK, U3 HUX /[Boe ymepan). [locie ynase-
HUST JIAHHBIX AIUEHTOB, HAXOSIIMXCS B HECTAOUIIb-
HOM CcOCTOSTHUH, KoadduimeHT koppessinu o [up-
COHY MEKIY A\ ¥ COLEPHKAHNEM HEUTPOPUIIOB B
KpoBU 00ciIef0BaHHbIX 00JbHBIX cocTaBui 0,84 —
3TO CBUJIETEIBCTBYET O TECHON CTATUCTUYECKU 3HA-
qumoit (¢=0,1%) monoxuTeabHOl cBsizu. MubiMu
CJIOBAMU, <«YZEJbHAs» AKTUBHOCTH <«MeIJIEHHOTO»
HelTpoduIa MPaKTUYECKN JTUHEHHO YBEJNIMBACTCS
C YBEJWYEHUEM YUCTA HEUTPOMUIOB y TAIUEHTOB
6e3 muarnosa cercuc 1o kpurepusim Cencuc-3.

bruto mposeneno cpaBuHenue XJI-maHHBIX ¢
JIPYTUMU UMMYHOJIOTUYECKUMU TOKa3aTeaamMu. Y
00cJIeloBaHHBIX 000K/KEHHBIX OIPE/e/IsoCh 3Ha-
YUTEJbHOE CHIXKEHWE KoJinmdecTBa T-TMMGbOIITOB,
MPUYEM CTENEHD CHIKEHUST B OOJIBIIUHCTBE HAOJIIO-
JICHWH 3aBHUCesa OT TSXKECTU TPaBMbI, BHIPAKEHHOC-
TH TOKCEMHUU U 0KOroBOil mHbekimu. [Tpu Oiraro-
OPUSITHOM TedeHuu 3abojieBaHust  HaGJIOAIN
BOCCTAHOBJIEHE a0COJIIOTHBIX TOKasaTeseil T-Kie-
tounoro orera. Comepskanue B-numboruros y o6-
CJIe/IOBAaHHBIX 000KKEHHBIX HAXOAUIOCH B IIPEIesiax
HOPMAJIbHBIX 3HAUYEHUN WJIK OBLIO CHIKEHO. Y BCEX
00cIe0BaHHbBIX HAOIOAAIN 3HAYUTEJIHLHOE ITOBbI-
nrenue obmiero cogepskanns I[MK Ha Becex cragusax
3abosieBaHust. ITO MpeBbIIeHnEe ObIIIO0 00YCIOBIEHO
yBesmuenueM unciaennoctn [IINK cpennero n maso-
ro pasMepa; uncaeHsoctsb 6osbimmnx II1K, Hanporus,
Oblyla CHUZKEHA WJIM HAXOJUJIACh B IIPEJlesiaX Jirama-
30Ha HOPMAaJIbHBIX 3HAaYEHU. YBeJInyeHue cojepka-
Hust 6osibiiux [[VK HaOMOMQIH TOBKO Y TPEX U3
o0cJIeIoBaHHBIX TAlHeHTOB, CTaTUCTUYEeCKUI aHa-
an3 (koadduiinent koppessaiun o lupcony) mo-
Ka3aJ OTCYTCTBUE CBA3U MEXKIY STUMH UMMYHOJIO-

A* (fMLP-slow), 10 mV / cell
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Puc. 3. Ilone koppensuun mexay A*bmiad-m u comep:raHueM
HeNTpoUIOB.

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); t —
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.
IIpumeuanue. Neutrophil count — kosmuectBo HeiiTpodhuiIos;
Deceased and critically ill patients are excluded — 6e3 ymepimux n
[AIUEHTOB B KPUTHYECKOM COCTOSTHUN. @ — BCe HAOMIOEHNs]; O —
HaGmoeHs GOTbHBIX, TUTETBHO TTPEOBIBABIINX B CTAIIMOHAPE B
CBSI3M C Pa3BUTHEM CEPbE3HBIX THONHO-CENTUYECKUX OCIOKHE-
HUI; HOMEP MapKuUpyeT HaGJII0EeHNUs, ONYUYEHHBIE OT OHOTO U3
06cIelyeMbIX B IIPOIIECCe TMHAMUYECKOTO HAOMIOEH ST, CTPETKI
OTMEYaloT ANHAMUKY MoKazaTeseil marpeHTku Ned (3-u; 7-¢; 14-¢;
19-¢; 27-e cyTru); T — HAOMIO/IEHNS, TIOJYYEHHbBIE OT YMEPIIUX Ta-
1reHToB, 6osbHON Ne3 ckonuasicst Ha 19-e cyTku 3abosieBamHusl,
GosbHast Ne2 — Ha 7-¢; @ — HabJII0/IeHNS, IOJTyYeHHbIE OT TAIeH-
TOB B CTaOMJIBHOM COCTOSIHUN. Bbiensioruecst HaboneHust 06-
BEJIEHBL. b — HIIMMUHUPOBAHBI BBIIESIONIECST HAOMIONEH S, T0-
KasaHa JIMHeIHas perpeccus, ee ypaBHeHHe n Koa(buiment
JIeTepPMUHAI[VH.

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 MoKa3aTessIMU U 1okasaresem XJI-oTBe-
Ta HEUTPOUIOB.

Habmogaemble oTkIoOHeHNS 1TokazaTeseil XJI-
oTBeTa y OOO0MKIKEHHBIX TIOTBEPKAAIOT JUTEPATYP-
HBbIE JAHHBIE O CEPbe3HON MuchyHKIUK (harorurap-
HOTO 3BEHA TIPU OKOTOBOI 0O0JIe3HU. 3HAYUTETHHOE
yBeJMYeHNe HEHOPMUPOBAHHBIX TOKa3aTesell amil-
JIUTY/IBI HA PA3JIMYHBIX JTAllaX aHAIN3a 00yCIOBIIE-
HO MACCHBHBIM BBIXO/IOM HEHTPO(hUIOB U3 KOCTHOTO
MO3Ta B KPOBSIHOE PycJio Ha (hoHE 0KOTOBOU TOKCe-
MUH ¥ CEITUKOTOKCEMIH 1 CBUIETEJBCTBYET 00 yBe-
JIMYEHUU OOIIero YPOBHS TPOAYKIIMH AKTUBHBIX
dopm kucaopona (ADK) kireTkamu, HAXOIAMMUCST
B CHCTEMHOM KPOBOTOKe. TakuM 00pa3oM, SKCIepu-
MEHTAJIbHBIC JIAHHBIC TTOATBEPKAAIOT JaHHBIE JIUTE-
pPATYPHBIX UCTOYHUKOB O HAJTUYUK TIKEJIOTO OKHUC-
JINTEJIBHOTO CTpecca y TAIMEHTOB € TEePMUYECKON
TPaBMOI, CIIOCOOCTBYIOIIETO CUCTEMHBIM HAPYIIIEHH-
M ToMeocTa3a u opranHoii auchyukiun [1, 17].

C pyroil CTOPOHbBI, 3aPErUCTPUPOBAHHBIC CJIY-
Yau HOPMHUPOBaHHbBIX ToKazaresieil XJI-rpaMm 060-
JKXKEHHBIX B TpaHUIaX pedepeHTHOTO WHTepBaja
WJIW HUAZKE HOPMBI CBUIETETBCTBYIOT O HAJIMYUU HOP-
MOPTUYECKOTO U JlaKe TUMOIPTUYECKOTO OKMUCJIU-
TEJLHOTO MeTaboJIn3Ma HeUTpohuIoB. T JaHHbIE
COTJIACYIOTCSI C MPEICTABJICHUEM O MUTPAIK Haubo-
Jiee aKTUBHBIX HEHTPO(MUIOB B 0Yar BOCTIaJIeHUS TIPU
HAJTMYUU MeHee aKTUBHOM MOMYJISAIINT B CUCTEMHOM
KkpoBoTOKe [20]. Y4uThIBas BBIMIEU3TIOKECHHOE, MOXK-
HO TIPEATIOTIOKUTD, YTO OKUCIUTEJbHDBIN CTPecC pu
0KOTOBOIT HOJIE3HU XAPAKTEPUIYETCST yBETMIEHUEM
abCOTIOTHOTO KOJMUYECTBA HEUTPO(DUIOB B KPOBOTO-
Ke Kak cyOcrpara cuaresa ADK mpu orcyTeTBun Ka-
YeCTBEHHOTO YCUJIEHUST MX OKUCIUTETEHOTO MEeTab0-
su3ma. Takoil BBIBOJ TOATBEPKAACT MPEACTABICHUS
0 HapylieHun (pyHKIUU HelTpohuaa 1 UMMYHOCY-
[IPECCUU IIPU 0KOTOBOM Oostesnu [21].

OTenbHOTO paccMOTpeHust TpedyeT KUHETUKA
MezieHHoro otBera Ha GMJID 1 ee OGHOIOrMYeCKmii
cMbics. [1o HAIUM JJaHHBIM, TTOSABJIEHUE ME/JIEHHOTO
orBeTa Ha HGMJID He TUITUYHO 7T TPAKTUIECKHU 3710-
POBBIX Jtojiel. Hasmune ak THBHOTO BOCHAIUTEIHHOTO
mporiecca TPU Pa3BUTHUU OXKOTOBOM TOKCEMUU WJIN
CENITUKOTOKCEMUM WHIYIIUPYET IMOSBICHUE MEJICH-
Horo oreera Ha GMJID na XJI-rpamme, nmpuueM mnpu
GJIaronpUATHOM MCXo/le 3aboJieBaHus Jaxke Ha (hoHe
CCBO wunrencusHocts MemjaenHoro XJI-orsera B
CUJIBHOH CTelleHN KOPpeJspyeT ¢ cojiepsKaHueM HeiT-
pocduioB B KpoBH naruenToB. C APyroi CTOPOHDI, Ha-
Jguune cencuca u nporpeccupyiomeit [IOH y mectn
MAI[EHTOB OKA3aJI0Ch ACCOIMUPOBAHO ¢ OCTabIeHuEM
MeTeHHoTo oTBeta Ha (GMJIMD, BILIOTH 0 MOJTHOTO
€ro OTCYTCTBUSL y HOTHOMNX GOJbHBIX. ITO HabJIo/1e-
HUE JIAeT OCHOBAHUE TPETIOJNIOKUTD, YTO MEJJICHHAS
kuHeTuka XJI peasnsyercst 6Jarofiapst BBIXOLY B CUC-
TEMHBIN KPOBOTOK CYOIOMYJISIK HEUTPO(hUIoB, 00-
JIQJIAIONINX TTOBBIEHHON (DYHKIIMOHAJIBHOW aKTUBHO-
ctpio. Ilo maHHBIM 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 fMLF, 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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meziennbiii XJI-orBer na Braecerre OMJID dopmu-
pyeTcs 3a cyeT akTUBaIuU (haroinuTo3a u BHYTPUKIIE-
tounoil Hapabotke ADK. TakuMm 06paszoM, BBICOKYIO
WHTEHCUBHOCTD MEJIJIEHHON BCIIBIIIKK MOXKHO WHTEp-
MIPETUPOBATh, KaK TPU3HAK 3(DPEKTUBHOTO BHYTPH-
KJIETOUHOTO YHUUTOKeHUsT Gakrepuil. VIMeHHO OJiaro-
Japsi  CyOmnomyJsiiun  HeUTpohUIOB €  BBICOKOU
AKTUBHOCTBIO BHYTPHUKJIETOYHOTO OaKTEPHATBHOTO
KWIJTMHTA PEaIN3yeTcsl HOPMIPIUYECKUii OTBET Opra-
HU3Ma Ha 0KOTOBYIO TOKCEMUIO U CETITUKOTOKCEMUIO C
TTOCJIEYTONIEH PEKOHBAJICCIICHITUEH.

[osbimenne ypostst CPB, Gesika ocTpoii (hass,
B KPOBHW HAYMHAETCS 4epe3 4 yaca 1mocjie TKaHeBOTO
MOBPEKICHNS, IOCTUTAET MAaKCUMyMa uyepe3 24—72
yaca. OTcyTCcTBUE MEJIEHHOW KMHETUKW HA PAHHUX
CpOKax 3a00JieBaHUs [IPU KpaiiHe BBICOKOM YPOBHE
CPB cBueresnbeTByeT 06 aHEPrTIecKoOM OTBETE KJle-
TOYHOTO UMMYHUTETA TIPU BBICOKON aKTUBHOCTH BOC-
HAJIUTEILHOTO OTBETa U KpaiiHe HeOJArOmpUsTHOM
MIPOTHO3€ Pa3BUTHS cercuca. Takylo MO/iesb OTBeTa
HAOMIOMAIN Y YeThIPEX MAIUEHTOB, BKIIOYEHHBIX B
uccael0BaHueE: JIBOe U3 HUX cKOHuasuch (Ha 7 u 19
cyTku 3a60J1eBaHs ), IBOE MPeObIBAIA B PEAHUMATTH-
oHHoM orzeseHnn Gosee 30 gHeil 13-3a Pa3BUBIINX-
Cs1 OCJIOsKHEHUT (abCIieinpPyoIast THEBMOHIS ).

B mesoMm, y manmeHToB ¢ HEAOCTATOYHOU WH-
TEHCUBHOCTBIO MEJIJIEHHOW KMHETUKU OTMEUYAJH TS-
JKeJIOe JUTUTENbHOE TeueHue 3a00/IeBAHUST; B JIBYX
CJIy4asiX ¢ JIETAJbHBIM HCXOJOM. DTO HabJtojieHue
MOKHO OOBSICHUTD OTCYTCTBHEM Y TAKUX AIHEHTOB
(byHKITMOHATBHO AaKTUBHBIX HEHTPOMUIOB, TIpK yBe-
JIMYCHUN YUCJIECHHOCTU HEUTPO(UIOB B KPOBOTOKE
TOJIBKO 32 cueT (DyHKIMOHAIBHO HEMOJHOIICHHBIX
(opM ¢ MTPEUMYIIECTBEHHO BHEKJIETOUHON HapaboT-
kot ADK. DyHKIIMOHATHHO HETTOJTHOIIEHHBIE HEHT-
podubl HectocoOHDBI 3((HEKTUBHO YHIUTOKATD Ma-
TOTEHHBIE MWKDPOOPTAHU3MBI BHYTPHU (arocom.
Onucannpiiit gepunut GyHKIUA HEUTPODUIOB, 10
HaIleMy MHEHWIO, SBJSETCS MAaTOT€HETUYECKON oc-
HOBOU OCJIOKHEHHOTO Te4eHUs 3a00JeBaHUs C Pas-
BUTHEM THOHHO-CENTUYECKUX OCJI0XKHeHu. [Ipume-
YaTeJbHO, 4YTO HOPMHMPOBAHHAd  aMILTUTY/a
menennoro orsera Ha GMJID curnanuszupyer o Ha-
pymeHusx GyHKIUA HEUTPODUIOB yKe B TepPBbIe
Tpoe CyTOK 3a00JIeBaHUSI, CIIEI0BATEJBHO, ITOT Map-
Kep MOXeT OBbITh MEPCIEKTUBEH B KAUECTBE PAHHETO
HPEIUKTOPA TeYeHUsT 0KOT0BOI GoJiesHn. Takum 06-
pasoM, 0OHAPYKEeHHAS 3aBUCUMOCTh HHTEHCUBHOCTU
Me/IJICHHOW KHHETUKU OT COAePKaHMsS HEUTPOhUIOB
XapaKTepPU3yeT ONTUMATIbHBIN (HOPMIPIHUECKUI)
BapuMaHT OTBETa OpPTraHW3Ma Ha BHepeHue WH(hEeK-
UK [IPU OKOTOBOU GOJIE3HH, KOTOPBIA MOKET CJIy-
JKUTD MHIAUKATOPOM OJIATOTIPUSITHOTO MTPOTHO3A.

3akiaoueHue

[IpumeneHne 1oaxo/1a, OCHOBAHHOTO Ha JIBYX-
CTAIMIHON CTUMYJISAIUU HEUTPO(UIOB, TTO3BOIMIO

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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3HAYUTEIBHO YIYUNIUTh AHATUTUIECKHUE XapaKTepuc-
Tk XJI-ananmsa. Tak, ycuieHne MHTEHCUBHOCTH
CUIHAJIa CIOCOOCTBOBAJIO TIOBBINIEHUIO Pa3periar-
mieit crmocoOGHOCTH METO/IA U, KaK CJIEJICTBUE, €ro 1yB-
CTBUTEJIBHOCTH; KPOMeE TOTO, apheKT mpaliMuHTa Heii-
tpodunos MMA crocoOCTBOBAT CTaHAAPTU3AIUN
kuHeTukn XJI-oTBera Ha OCHOBHOU CTHUMYJI
(OMJID). B pesysibrare mpe/iosKeHa CHCTEMA CTAH-
JIAPTHBIX TTIOKa3aTeJiel /I OleHKU (DYHKITMOHALHOM
AKTUBHOCTU HEUTPO(UIOB Y OKOTOBBIX OOJIbHBIX.
Pa3paboTaHHbI METOJ[ TO3BOJIMI OJYIUTh
HOBYI0 MH(MOPMAIIUIO O TIPOAYKIINU aKTUBHBIX (hOpM
KUCJIOPOJia HEUTPOUIAMU TIPU 0KOTOBOI OOJIE3HH,
a UMEHHO, B psiJie CJIydaeB I1mocJie 1nepBoii hasbl pec-
MUPATOPHOTO B3PbiBa («OBICTPasi» BCIIBIIIKA) TPOKC-
XOZMT BTOpas aza («MeIeHHasd» BCIbIka). Me-
JICHHasI BCIIBIIIKA MOKeT ObITh 00bsicHeHa J1OO
HAJIMYUEM PAa3HbIX Ol HelTpoduios («Obi-
CTpbIe» U «MEJJIEHHbIE> HEUTPOMPUIIB), TUOO JABYMSI
pasHbIME Tiporieccamu ipoaykitnu ADK B oHOI 110-
MyJISIAN — BHEKJIETOYHOTO U BHYTPUKJIETOUHOTO.
[TostBnenue «mennenHoii» Benblmku XJI-orse-
Ta XapaKTePHO JJist OOJIbHBIX C TSKEJIOM TepMudec-
KO¥1 TPaBMOIA, IIPUYEM C TIEPBBIX CYTOK 3a00JI€BAHUSL.
WNHTEeHCUBHOCTD HOPMUPOBAHHOM aMIITTUTYIbI «<Me/l-
JIEHHOI» BCITBIIITKY TTPU HOPMIPTUYECKOM OTBETE OP-
raHu3Ma mpsiMo ITPOTIOPITMOHATbHA KOJTMYECTBY Heli-
tpodunoB. Huskasg MHTEHCUBHOCTb ME/JIEHHOM
KWHETUKU [PU HU3KOM COJIEPKaHUU HEHTPO(UIOB
XapakrepHa Jiuist GOJbHBIX ¢ GoJiee JIETKUM TedeHueM
05KOTOBOI O0J1e3HN. BbICOKAsg MHTEHCUBHOCTL MeEJl-
JICHHOW KWHETWKHU MPU BBICOKOM COJIEPKAHUM CBU-
JIETEJBCTBYET O GJIATOTPUSITHOM TIPOTHO3€ PA3BUTHS
0KOTOBOIT OOJIE3HU Y TSIKEJBIX OObHBIX. [IpH BBICO-
KOM COJIepKaHUU HEUTPO(DUIOB HEIOCTATOUHAS MH-
TEHCUBHOCTb ME/IJIEHHOW KUHETUKHU MTO3BOJISET TIPO-
THO3UPOBATH  TAXKeEJI0€ JJIUTEJIbHOE TedyeHue
3a00JI€BaHUSI ¢ BEPOSITHOCTBIO JIETATBHOTO MCXO/A U
THOITHO-CETITUYECKUMU OCJIOKHECHUSMU.
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Takum 06pasoM, MOKHO YTBEPIKIATD, UTO TIPEI-
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