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Ilenw uccnedosanus. I3yuntr MeXaHM3MbI PA3BUTHS MOCTTPABMATHYECKMX U3MEHEHHI B KIETKAX KPOBH IIyTEM HCCIIEI0Ba-
nusa [ITHK-noBpeskaenmii, cCBSI3aHHBIX C THIIOKCHEH, BI3BAHHOW MaCCHBHOU KPOBOIOTEPeil IpH TsKenoil TpaBme. Mamepua-
2ot u memoowt. Jlna uccaenosanus JJHK-nogpeskiennii, mpoeccoB HEKPO3a | anonTo3a GebIX KJIETOK KPOBH ObLI0 06ce-
nosano 95 Goabubix B Bospacre 40,6£16,5 mer (ot 20 no 79 ner), mepeHECHIMX TSKENYI0 MEXAHHYECKYIO TPaBMY C
pasaunyHbIMH 00beMamu oTepu kposu (ot 100 q0 4000 M) u Hapymenusivu remoauHaMuku. CpeaHee 3HaueHHE MOTEPU KPO-
Bu (IIK) ¢ yuerom Beca nmocrpagasumx cocrasuio 21,5+16,5 ma/kr (ot 1,4 1o 61,5 min/kr). IlocTpagaBmme Goun pasaesne-
HbI B 3aBUCUMOCTH OT 00beMa notepu kposu Ha uetsbipe rpynnbi: KII I CT (kpoBonoreps I crenenu tsizkectn) — 26 mocrpa-
nasuux, oobem norepu kposu (OIIK) cocraun menbie 750 ma (5,93%2,41 ma/kr); KII II CT — 23 nocrpagasumx, OIIK
cocrasui 750—1500 mur (11,5+1,5 ma/kr); KIIIII CT — 23 nocrpagasmux, OIIK cocraBun 1500—2000 v (23,8+4,0 mur/kr);
KII IV CT (xposonoreps IV crenenu taskectu) — 23 nocrpagasmux, OIIK cocraun Gonee 2000 ma (45,6£10,1 ma/kr); B
3aBucumoctH ot Buna tpasmel: TCT (Tsikenas ckenernasi tpaBma) — 17 nocrpagasumx, YMT (yepenHo-Mo3roBas TpaBMa)
— 43 mocrpagaBumx, TCT+UMT (coueranue Ts2KeJOH CKeJETHOI U YepenHo-M0o3roBoi TpaBM) — 33 nmocrpagasmux. B 3a-
BHCHMOCTH OT Pa3BUTHsI MH(MEKIUOHHBIX OCHOKHEeHHI: HHpeKIus «+»> — 69 mocrpajaBuuX y KOTOPHIX HA 3—7-€ CYTKH HO-
cJie TPaBMbI Pa3BUIMCh HH(PEKIMOHHbIE OCI0KHeHUsT; nHpeKkmn «-» — 26 nocrpaaaBmmx. /Iisi OLEeHKH BIUSHUS TUIIOKCUI
na THK-noBpeskiennsi, mpoiecchl anonTo3a u HeKpo3a 0eJbIX KJIETOK KPOBH 00Imasi rpynna NoCTpaJaBIuX ¢ TPAaBMOU Obl-
Jla pa3jiejieHa Ha 2 TpYINbL: TUIIOKCHA <+» — 18 mocrpasaBmmx; runokcuu <-» — 10 nocrpagaBmmx, y KOTOPbIX NP HOCTYI-
JICHHH B peaHHMAaTOJIOTHYECKOe oT/iesieHne Bee 4 nokasarend (pO, B KanmuIsIpHOU KPoBHU, ypoBeHb jJaktara, pH u BE mia3-
Mbl KpoBH) GbLu B ipeenax Hopmbl. [ITHK-noBpeskaennsi, HEKpOTHYECKHE U ATIONTOTHYECKHUE H3MEHEHHUsI B GeJIbIX KIETKaX
kpoBu oieHuBaiu MetoioM IHK-komer. Konnenrpanuio Buekinerounoii /IHK B niiasme kpoBu onpenensaiu (piyopumerpu-
YeCKH, ¢ HCToab3oBanueM Habopa Quant-iT™ HS DNA Assay Kit (Invitrogen, CIIIA). Coaepskanue 8-ruipoKkcu-2-1€e30K-
CHIyaHO3HHA B IUIa3Me KPOBHU ONPEEIISLIH ¢ IOMOUIbIO MMMYHO(DEPMEHTHOTO METO/IA € HCIIOIb30BaHueM Habopa 8-hydroxy-
2-deoxyGuanosine EIA Kit (Cayman Chemical, CIIIA). Coxep:kanue kacnasbi-3, Kacnasbl-9, CylnepoOKCHAAUCMYTa3bl U
SAPO-1/FAS onpezaensiii ¢ MOMONIbI0 UMMYHO(EPMEHTHOIO MeToJa € HMCHOJb30BaHHEM TecT-chucteM ¢upmbl Bender
MedSystems (ABctpusi). Pesyavmamot. Boisisieno nossnnenue conep:kanus ceo6oanoit IHK B niasve KpoBu nocrpaaas-
IIMX OTHOCHUTEJIHHO KOHTPOJISI HA MPOTSPKEHUH BCETO MEePUOA HaOMOAeHHsI, YTO 0GYCIOBIEHO €€ NOCTYIUIEHHEM U3 KJIETOK,
NOBPE:K/EHHbIX B pe3yJIbTaTe TPaBMbI TKaHell. B mepBble 1Be He/reu nocie TpaBMbl otMeueHo yBeanyenne [IHK-noBpesxe-
HUIi U yCHJIEHHE IPOLLeCCOB ruGent GesbIX KJIETOK KPOBH 110 HEKPOTHYECKOMY Y alIONTOTHYECKOMY MEXaHU3MY y OCTPA/aB-
LIMX C Pa3JNYHbBIMU BH/IAMHU TPAaBMbI, YTO, BOSMOKHO, CBSI3aHO C aKTHBHBIM y4YacCTHeM JIEHKOIUTOB B IIPOIECCaxX y/JaJeHus
MPOIYKTOB KJIETOYHOTO PACIajia OBPE:K/EHHbIX B pe3yJbTaTe TPABMbI TKAHEH U PeIyNpesKIeHUsT Pa3BUTHS MH(EKIIMOHHBIX
ociokHeHuit. TnGesp 6eIbIX KIeTOK KPOBH Y IOCTPA/IABIINX C TPABMOH 10 HEKPOTHYECKOMY ITyTH He 3aBHCHUT OT 00beMa 1o-
TepPH KPOBH M CTENIEHH TUIIOKCHH, B TO BPEMS KaK [0 allONTOTHYECKOMY MEXAHM3MY BbISBJIEHA HHTEHCUBHOCTD THOEIH JIEHKO-
[HUTOB y 9TUX GOJBHBIX OT IUMOKCUH. BeposTHOCTh pa3BuTHsi MHMEKIMOHHBIX OCIOKHEHUH ¥ MOCTPAIaBIINX € TPABMOW MPH
KPOBOIOTEPe M THIIOKCHY Onpesesiercs: KoanyecTBoM Hekpornyeckux JIHK-koMeT u 3HaueHHSIMH HHTErpajibHOTO NMOKa3a-
Teust Ha 3-ii eus nociae tpasmbl. Kommuectso anonrornyeckux JIHK-koMeT Gelbix KI€TOK KPOBY B EPBbIii IEHb MOCIIE TPAB-
MBI 3aBHCHT OT 00'beMa OTePU KPOBH U CTeleHd runokcui. He BbIsiBIeHO 3aBUCHMOCTH HH(EKIMOHHBIX OCJIOKHEHUH y 110-
CTPa/IaBIIUX ¢ TPaBMO# OT KoimyectBa amontotnyecknx /IHK-xomer B 1-if 1eHp mociae TpaBMbl. BpisiBiIeHbI pa3inuus B
yposusax [THK-noBpeskienuii, anontosa u HeKpo3a B 0ebix KieTkax Kposu y nocrpaaasmux ¢ YMT u TCT. Maccusubie 110-
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BPEKEHUST KOCTEH M TKaHeil PY TSPKeJI0H CoueTaHHOi TpaBMe CONPOBOXKIaeTcst Oosiee BbipaskeHnbivu uamenenusimu JIHK-
MOBPE>KAEHHUI B IEPBYIO HE/IeJI0 OCJIe TPAaBMbI H IIOCTENIEHHBIM CHIDKeHneM noka3areseil [IHK-noBpe:xaennii — Bo BTopyio
Hejienio. BoIsiBlIeHO TPeXKpaTHOE CHUKEHHE KOHIEHTPAIHH 8-THIPOKCH-2-/1€30KCUTYHO3HHA B IJIa3Me KPOBH MOCTPA/IABIINX
C TPAaBMO#, CONPOBOKIAIOIIEECS H, BO3MOKHO, 00y CIOBJIECHHOE, YBEINYEHHEM KOJIMYECTBA CYyNIEPOKCHIUCMY Tasbl. 3AK.JI10-
yenue. BoisiBiieHa 3aBucumocts Boipaskennoctu JJHK-noBpeskienuii, anonto3a u HEKPO3a OT THIOKCUH, & TAKIKE Pa3BUTHE
HH(EKIMOHHBIX OCTOKHEHH Y MOCTPAIaBUIMX C THIIOKCHEN, BHI3BBAHHOIH MAaCCHBHOW KPOBOIOTEpEil NPH TSKeNI0il TpaBme.
Kntouesvte croéa: MaccuBHasi kpoBonoreps, runokcusi, JIHK-noBpexaenus, geiikonursl, anonto3, Hekpo3, JTHK-komeTsI.

Objective. To study the mechanisms of posttraumatic changes in the blood cells, by investigating DNA damages associat-
ed with hypoxia caused by massive blood loss (BL) in severe injury. Subjects and methods. Ninety-five patients aged
40.6%16.5 years (from 20 to 79 years) who had sustained severe mechanical injury with different BL volumes (BLV) (from
100 to 4000 ml) and hemodynamic disorders were examined to study DNA damages and white blood cell necrotic and apop-
totic processes. In terms of the victims' weight, the mean BL was 21.5+16.5 ml/kg (from 1.4 to 61.5 ml/kg). The victims
were divided into 4 groups according to BLV: 1) 26 victims whose BLV was less than 750 ml (5.93+2.41 ml/kg) (grade I
BL); 2) 23 victims whose BLV was 750—1500 ml (11.5+1.5 ml/kg) (grade 2 BL); 3) 23 victims whose BLV was 1500—2000
ml (23.8+4.0 ml/kg) (grade 3 BL); 4) 23 victims whose BLV was over 2000 ml (45.6+10.1 ml/kg) (grade 4 BL), according
to the type of injury: 1) severe skeletal injury (SSI) (7=17); 2) brain injury (BI) (#=43); 3) a concurrence of SSI and BI
(SSI+BI) (n=35); according to the development of infectious complications: 1) 69 victims who developed infectious com-
plications on days 5—7 postinjury; 2) 26 victims who did not. To evaluate the impact of hypoxia on DNA damages, white
blood cell apoptotic and necrotic processes, the victims were divided into 2 groups: 1) hypoxia (18 of the 95 victims who
had 4 altered indicators, such as capillary blood pO,, plasma lactate levels, pH, and BE); 2) no hypoxia (10 of the 95 vic-
tims whose indicators were within the normal range). DNA damages and necrotic and apoptotic changes in the white blood
cells were assessed by the DNA comet assay. The plasma concentration of extracellular DNA was fluorometrically deter-
mined using a Quant-iTTM HS DNA Assay Kit (Invitrogen, USA). That of 8-hydroxy-2-deoxyguanosine was estimated by
enzyme immunoassay employing an 8-hydroxy-2-deoxyGuanosine EIA Kit (Cayman Chemical, USA). The levels of cas-
pase-3, caspase-9, superoxide dismutase, and sAPO-1/FAS were measured by enzyme immunoassay using test systems
(Bender MedSystems, Austria). Results. There were significantly higher plasma levels of free DNA in the victims than in
the controls throughout the follow-up, which is due to its exit from the cells damaged from tissue injury. In the first two
weeks after injury, there were increases in DNA damages and white blood cell alteration processes by a necrotic and apop-
totic mechanism in the victims with different types of injury, which may be associated with the active participation of leuko-
cytes in the processes of cellular breakdown product removal in the tissues damaged during injury and the in those of pre-
vention of infectious complications. In the victims, white blood cell alteration in the necrotic pathway does not depend on
BLV and hypoxia degree while that in the apoptotic pathway showed a relationship of leukocyte alteration to hypoxia in
these patients. The sum of the values of necrotic DNA comets, apoptotic DNA comets, and single- and double-strand
breaks on day 3 postinjury may serve as a predictor of the likely development of infectious complications in victims with
injury, blood loss, and marked hypoxia. There were differences in the levels of DNA damages and white blood cell apopto-
sis and necrosis in the victims with BI and SSI. The injury victims showed a three-fold decrease in plasma 8-hydroxy-2-
deoxyguanosine concentrations, which was accompanied and, possibly, caused by an increase in the amount of superoxide
dismutase. Conclusion. There was a relationship between the degree of DNA damages, apoptosis, and necrosis in the white
blood cells of victims with injury and hypoxia-induced blood loss. Key words: massive blood loss, hypoxia, DNA damages,
leukocytes, apoptosis, necrosis, DNA comets.
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BBenenne

IIpu TpaBMe Win AIUTETLHOM BO3ICHCTBUM TTATOJIO-
rudeckux (HaKTOpOB MOJKET HACTyNaTh HeoOpaTHMOE I0-
BpeXX/eHue KJIeToK. B Hopme niporeccer nposudepanun u
OTMUPAHUS KJIETOK HAXOAATCA B IMHAMUYECKOM PaBHOBE-
cuu. B pesysbrate TpaBMBI U MaCCHUBHOH KPOBOIIOTEPU
[IPOUCXO/UT CABUT PABHOBECHSI B CTOPOHY rMOE/U KIETOK,
YTO MOJKET CII0COOCTBOBATH PA3BUTUI0 KPUTHUECKOTO CO-
crostust. OOLIEN3BECTHBIMU U HAUGOJIEe PACIIPOCTPAHEH-
HBIMU MYTSAMU UOEIU KIETOK SIBJISIIOTCS allolTo3 U He-
kpo3. Hekpos mupexcrabisier coboil HATOJOTHYECKYIO
dbopmy rubesnt KJIeTOK, KaK IPABUIIO, B PE3YJILTaTe OCTPO-
rO NOBPEXKIAEHUS, KOTOPOE IPUBOIUT K PA3PYIICHHIO KJie-
TOYHBIX ¥ BHYTPUKJIETOYHBIX MeMOPaH, BCIEACTBIE YEro
[IPOUCXOUT Pa3pylleHe MeMOPaH JIU30COM, IIPUBOISIIEE
K BBIXOJIy JIM30COMAJIbHBIX ()EPMEHTOB, IIPOTEOJIN3Y U, B
KOHEYHOM cuete, pacnany kiaetku [1, 2]. AnonTos sBiser-
sl 3alPOrPaMUPOBAHHBIM SIBJIEHHEM KJIETOUHOU ruberu,
BBI3BAHHOI KakK (hU3MOJOTNYECKUMHU, TAK U T1ATOJOTHYeC-
kumu dakropamu [3]. Bbuaensior aBa MyTH pPasBUTHS

Introduction

Irreversible cell damage occurs after trauma or pro-
longed exposure of pathological factors. In norm the
processes of proliferation and cell death are in dynamic
equilibrium. In trauma and following the massive blood
loss shifting the equilibrium toward the cell damage caus-
es the development of the critical illness. Well-known and
the most common ways of cell death include apoptosis and
Necrosis.

Necrosis is the pathologic form of cell death usually
resulted from an acute trauma, disorders of oxidative phos-
phorylation, and macroergics synthesis, and mitochondrial
damage, which lead to the destruction of cellular and intra-
cellular membranes, including lysosomal membranes that
lead to releasing lysosomal enzymes, proteolysis and dam-
age of the cell nucleus (karyolysis) [1, 2].

Apoptosis is the programmed cell death phenome-
non, caused by both physiological and pathological factors.
[3] There are two ways of apoptosis triggered by receptor-
dependent signaling and mitochondrial pathways [4].
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aro1ITo3a, 3aMyCKAeMOTO MTOCPEACTBOM PEIENTOP-3aBUCH-
MOTO CUTHAJIBHOTO M MUTOXOH/IpHasibHOTO 1ryTei [4]. Kac-
masbl ABAAIOTCH d(DPEKTOPHBIMU GelKaMU-TIPOTEa3aMHu,
YUYACTBYIONUMU B TIPOIECCAX ATIONTO3a. MUTOXOHIPHAIIb-
HBII MyTh pean3yeTcsi B pe3yJbTaTe BBHIXOJA arONTOTeH-
HBIX OEJIKOB 13 MEKMeOPaHHOTO IIPOCTPAHCTBA MUTOXOH/I-
puit B ruromiazmy kiaetku [, 6]. IIporecc 3aBeprmaercs
(dbparmeHTanueil KJIeTKH, 00pa30BaHUEM AMOINTOTHIECKUX
Tesielt ¥ ux (arornurozom. [ToBpesxenne KIeTok mpu He-
KPO3€ U allolTo3€e COMPOBOKAAETCS MOMAaHIeM cBOOOI-
noit IHK B nrasmy xposu [7].

Tsxenast TpaBMa U KPOBOIOTEPST IPUBOJST K HAPY-
MIEHUIO0 MUKPOIMPKYJISAINH, CHIKEHUIO Tephy3nu TKa-
Hell, I0CTaBKU SHEPreTHYECKUX CyOCTPATOB U KUCJIOPO/IA K
TKaHsIM, KOMIIEHCATOPHOMY BbIGPOCY JIEIKOIIUTOB 13 KOCT-
HOTO MO3Ta U KPOBSIHBIX JIETIO B OTBET HA 3HAUUTEJbHDIE
paspyleHus TKaHel B pe3yibraTe TPABMbI U KPOBOTIOTEPU
[8]. YBesmuenue xosmyecTBa JEHKOIUTOB B IJ1a3Me KPOBU
MOCTPAABIINX CPA3Y TOCTe TPABMBI HAMIPABIEHO HA y/a-
JieHUe TPOYKTOB KJIETOYHOTO PACIaa B MOBPEKIEHHBIX
TKaHAX U TPOMUIAKTUKY MH(PEKIIMOHHBIX OCJIOKHEHHI.
Heiitpoduibubie rpanyionuTapHblie JIEHKOIUTBI BMECTE C
MOHOHYKJIEAPHBIMU MaKpodaraMu OTHOCAT K (haroiuTu-
pytorum JeiikorraM. Crioco6HOCTh HEUTPODUIOB U Ma-
Kpoharos K GarouTo3y omnpesesiseT iX OCHOBHYIO 3aIUT-
HYI0 QYHKIIMIO — OYMCTKA OPraHr3Ma OT MHOEKINOHHBIX
areHToB U TPOAYKTOB PACIajia TKaHell, B YaCTHOCTH, y/a-
JIEHUsT TPOJYKTOB KJIETOYHOTO PACHaga MOCJe TPABMBI.
60% 06111ero yKcaa TpaHyJIOIUTOB HAXOAUTCS B KOCTHOM
MO3T€, COCTABJISISI KOCTHOMO3TOBOM pe3epB, koo 40% — B
PA3IUYHBIX TKAHSX U JHIH 1% — B nepudepnueckoit Kpo-
Bu [9, 10]. uuTesbHOCTD NOJIyIEpro/ia UPKYJISIINN HEell-
TPODUIBLHBIX JIEUKOIIUTOB paBHsieTCs 6,5 4acoB, 3aTeM OHI
MUTPUPYIOT B TKAHH, I7le OCYIIECTBISIOT CBOIO OCHOBHYIO
dbynkuumio [11]. Bpems xusHu rpanyIonUTapHBIX JEHKO-
IUTOB (TTAOYKOSIIEPHBIX U CETMEHTHOSIIEPHBIX JIEWKOTIH-
TOB, 6a30(PUI0B, D03UHOPUIOB) 3aBUCUT OT MHOTHX TIPH-
YUH U MOKET KOJeOAThCsl OT MUHYT JI0 HECKOJIBKUX JHEN
(B cpenHeM — 4—35 mmeit). Jo3uHOMUIBI TIOCIE CO3peBa-
HUS B KOCTHOM MO3Te MeHee | [Hs HAXOIATCS B IIUPKYJIS-
IIUH, & 3aTeM MUTPUPYIOT B TKAHU, TZle MPOIOIKUTENb-
HOCTb UX XU3HU cocraBisger 8—12 aueit [12]. Tkanesas
(haza xxuzHuM JIeiKOIUTOB sBJsIETCS 3aBepiiatonieit [13].

Hapyenune Tpancnopra KUCIOPOa, COTPOBOKIAIO-
Iee KPOBOTIOTEPIO, SIBJISIETCST MPUIMHON PA3BUTUST THITO-
KCUM Y [OCTPaJaBIIuX ¢ TpaBmoil [14]. Passutue rumno-
KCUU Yy TIOCTPAJaBIINX C TPaBMOW U KPOBOMOTEpeil
HpoucxXoauT Jubo B Pe3yJibraTe HapyLIEHWs I0CTABKU
KUCJIOPO/Ia, JINOO BCJIECTBIE MOBBIIIEHHOW €ro yTUjn3a-
1w, 6o obenx npuynH BMecte. [Ipu Tsikesoil TpaBme u
MAaCCHUBHOI KPOBOIIOTEPE OOBIYHO PA3BUBAETCSI CMEIIAH-
nas rutiokcus [ 15, 16]. Henocratounoe moctyiiienme Kuc-
JIOPOJIa K TKAHSIM TIPUBOJIUT K TIEPEXO/LY MeTabo/1M3Ma ¢ as-
POOHOTO Ha aHaspoOHbIil 11y Th. HapyieHue Metabosinsma,
HapacTaHue rUIMOKCUU MOXKET MIPUBOUTD K TIOBPEKIEHITIO
JTHK, rubesiu KJIE€TOK 110 alOITOTUIECKOMY W HEKPOTHU-
yeckomy Mmexanusmy. Ilospexzaenus [IHK npoucxogsr c
obpa3oBaHieM 8-TUAPOKCHU-2-7€30KCUTYaHO3MHA, 1[eJ0Y-

Caspase are effector proteins-proteases that involved in
the apoptotic process. Mitochondrial pathway includes the
release of apoptogenic proteins from intramembranous
space of mitochondria to the cytoplasm. [5, 6] The process
is completed by fragmentation of nuclei and formation of
apoptotic bodies that are phagocytozed by macrophages
and neutrophils. Damage of cells during apoptosis and
necrosis is accompanied by a release of cell-free DNA in
blood plasma [7]. In severe trauma and blood loss, the
processes of massive cell death lead to microcirculatory
disturbances, decrease of tissue perfusion, failing delivery
of energy substrates and oxygen to the tissues. The anoth-
er consequence of blood loss in trauma includes a compen-
satory release of leukocytes from the bone marrow and
blood depot [8].

The increased number of leukocytes in blood plasma
of patients after trauma is directed to removal of cell disso-
lution products in the damaged tissues and to prevention of
infectious complications. Neutrophilic granulocytes and
mononuclear macrophages are considered as main phago-
cytic leukocytes. The ability of neutrophils and
macrophages to phagocytosis determines their basic protec-
tive function — cleaning the body from infectious agents
and dissolution products of tissue, in particular the removal
of cell dissolution products after trauma. Nearly 60% of
total granulocytes are located in bone marrow (bone mar-
row reserve), about 40% are located in various tissues, and
only 1% are circulating in the peripheral blood [9, 10].
Duration halftime of circulation of neutrophils is 6.5 hours,
and then they migrate to the tissues to function. [11]
Lifetime of granulocytes (stab and segmental leucocytes,
basophils, eosinophils) depends on multiple factors and
may vary from minutes to a few days (4—5 days in average).
Eosinophils after maturation in the bone marrow are main-
tained less than one day in the circulation and then migrate
into tissues, where the lifetime is 8—12 days [12]. Tissue
phase of life is the final phase of leukocytes [13].

Disorder of oxygen transport that accompanied blood
loss is the cause of the development of hypoxia in patients
with trauma [14]. Development of hypoxia in patients with
trauma and blood loss occurs either as a result of oxygen
delivery disorder, either because of increase its utilization,
or due to both reasons together. After severe trauma and
massive blood loss paients usually develop mixed hypoxia
[15, 16]. Insufficient tissue supply of oxygen leads to a tran-
sition from aerobic metabolism to anaerobic way. Metabolic
disorder and increasing hypoxia might lead to increased
DNA damage and cell death via apoptotic or necrotic mech-
anisms. The main DNA damages include the modification
of DNA and nucleosides with 8-hydroxy-2-deoxyguano-
sine, appearance of alkaline-labile sites and single-, double
strand breaks [17]. Increased concentration of 8-hydroxy-
2-deoxyguanosine as- a specific product of oxidative DNA
damage is considered as one of the biomarkers of oxidative
distress [18—22].

Study of DNA damage and cell death pathways in
patients with trauma is crucial for determining the patho-
physiological mechanisms of the post-trauma critical ill-
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HO-JIAOMJIBHBIX CAUTOB ¥ OJHO-, IBYHUTEBBIX Pa3pbIBOB
[17]. YBennuenue xosmdecTBa 8-THAPOKCH-2-/1€30KCUTYaA-
HO3MHA — CIEeNpUIecKOro MPOLYKTa OKUCJINUTEIBHOTO
nospexxaenns JJTHK — moxkeT paccMaTpuBaThest Kak OiMH
u3 GHOMApPKEPOB OKUCIUTENBHOIO AucTpecca [18—22].

Nzyuenue JTHK-noBpesxaennii u myreil ruGesn Kie-
TOK Y TIOCTPAJIABIINX C TPABMOI SBJISETCS BaKHBIM JIJIS1 OI1-
penesieHns naTou3NOJIOrHYECKIX MEXaHU3MOB Pa3BUTH
KPUTUYECKUX COCTOSTHUH 1 KOPPeKIINU 3TUX HapyIIeHU.

Henp vccneoBaHns — U3yYUTh MEXAHU3MbI Pa3BU-
TUSA TIOCTTPABMATUYECKUX M3MEHEHUIl B KJIETKAX KPOBU
nyreM uccaenosanus [JHK-noBpexaennii, cBsI3aHHBIX ¢
TUTIOKCHUEH, BBI3BAHHON MAacCUBHOM KPOBOIIOTEPEid IIPU TS~
JKeJIoN TpaBMe.

Marepuan u MeTobI

Jlst uccneponanus [IHK-mmoBpeskaenuii, mporeccoB HeKpo3a
U anonTosa GeJIbIX KIETOK KPOBH ObLI0 06cae10BaH0 95 GOIbHBIX
B Bo3pacre 40,6£16,5 ser (ot 20 g0 79 ser), nepenecinx TsiKe-
JIYI0O MEXaHUYECKYIO TPaBMY C Pa3JMYHBIMH 0OGBEMaMH TTOTEPH
kpoBu (ot 100 mo 4000 Mu1) ¥ HAPYIIEHUSME TeMOJAMHAMUKY: 67
MyskunH, 28 sxenmun; 59 BeukuBIINX, 36 ymepinux. Cpe/ree 3Ha-
yenue rorepu kposu (IIK) ¢ yuerom Beca mocrpasiaBimx cocra-
Buiio 21,5£16,5 mur/kr (or 1,4 10 61,5 mur/Kr).

BosbHble noctymamm B peaHnMaToOJIOTHYecKoe OT/IeJIeHne ye-
pe3 9,1+5,1 (ot 2 o 13) waca mocsie TpaBMBI.

B zaBucumoct ot 06beMa IOTEPU KPOBH MOCTPajiaBiine Obi-
JIVL PasjlesieHbl Ha YeThIPe TPYIIIIbI:

KII T CT (xposomniorepst I crenenn tsxect) — 26 nocrpa-
nasinx, oobem norepu kposu (OIIK) cocrasun menbiie 750 M
(5,93+2,41 mu/xr);

KII 1T CT (xpoBonoteps 11 crenenu tsixkectn) — 23 nocrpa-
nasumx, OITK cocraBun 750—1500 mut (11,5+1,5 mur/kr);

KII IIT CT (xpoBonotepst 111 cremenn Tskectn) — 23 moct-
panasumx, OIIK cocrasua 1500—2000 mur (23,8+4,0 mii/kr);

KII IV CT (xposotiotepst IV crenenu Tsixectn) — 23 moct-
pamasiux, OTTK cocrasun 6osee 2000 mur (45,6£10,1 mur/xr).

O11eHKy TOTE€PH KPOBU YYUTBHIBAIN B 3aBUCUMOCTH OT JIOKA-
Jm3anuu U 06beMa TPABMBbI, TI0 TTOKA3aTeNsAM MIOKOBOTO MH/EKCA
(OTHOIIEHNE APTEPUAIIBHOTO JIABJIEHUST K YaCTOTe Cep/IedHbIX CO-
KpaleHuil) n ¢ y4eToM apTepUajbHOTO JaBJIEHUS, IIEHTPATBHOTO
BEHO3HOTO JIABJIEHUSI, YACTOTDI CEPJIEUHBIX COKPAIIEHHI, YaCTOTH
JIbIXATeJIbHBIX JBMKEHHI, IOYaCOBOTO [IMYPe3a, YPOBHSI CO3HAHMS
[23, 24]. KpoBorioTepio Bo BpeMst OIepaTHBHBIX BMEIIATE/IBCTB OI1-
PeesIsIIN TPABUMETPHYECKIM METOIOM |25 ]: MHTpaoIepannorHast
KpoBororepst = (Bec canderok, MPOMUTAHHBIX KPOBBIO — BeC Cy-
X1X candeTok) + KOJMYeCTBO aCIUPUPOBAHHON U3 PAHBI KPOBH.

B 3aBUCHMOCTH OT BU/Ia TPAaBMBbI OCTPajiaBiine ObLIN pas/e-
JIEHBI HA TPH TPYIIIIBL

TCT (rskenas ckesternast TpaBmMa) — 17 1mocTpasiaBimx;

UMT (uepernno-mo3roBasi TpaBma) — 43 TOCTPAABIIUX.
JBaziare uects (60%) MOCTPagaBIINX TTONYUUIN YEPEITHO-MO3-
TOBYIO TPaBMy B pe3yJibTaTe HACHJIbCTBEHHBIX jeicTBuil, 14
(33%) — BCJIeACTBHE JIOPOXKHO-TPAHCIOPTHBIX MPOUCIIECTBUIL.
[pranna gepenHo-Mo3roBoil TpaBMbl y 3 (7%) 6ombHBIX Gblia
CBsI3aHA C PA3BUTHEM CYJOPOXKHOTO TIPHUIA/IK;

TCT+UMT (coueranue TsKeJNOU CKEJIETHOW U YEPENHO-
MO3TOBOM TpaBM) — 335 TOCTPajIaBIINX.

B 3aBucumoctn ot pasBuTus NHMEKIMOHHBIX OCJIOKHEHHI
nocTpaziasiine ObLIKM PasjiesieHbl Ha JBE TPYITIIBL:

WNndekims «+» — 69 mocrpagaBimx, y KOTOPbIX Ha 5—7-€
CYTKH T10CJIe TPABMbI PAa3BUJINCh NH(PEKIIMOHHbBIE OCJIOKHEHNST,

Undeknuu «-» — 26 nmoctpagaBiinx.

B Tabuuie 1 mpeacTaBieHbl TPYIIBI OCTPAIABINNX B 3aBU-
CHMOCTH OT BH/Ia TPABMBI, CTEIIEHN TSIKECTH KPOBOIIOTEPU U Ha-
JIMYUSI THIIOKCHUH € yKa3aHueM 00beMa OTePH KPOBH, TSIKECTH CO-

ness development and developing therapeutic strategies to
fight these disorders.

Objective: to study the mechanisms of posttraumat-
ic changes in blood cells through determining the types of
DNA damage and cell death associated with hypoxia
caused by massive blood loss.

Materials and Methods

To investigate the DNA-damage, necrosis and apoptosis
processes of white blood cells were examined and characterized
in 95 patients of average age of 40,6+16,5 years (20 — 79 years)
at an averager body mass of 72,8+6,6 kg (60—95 kg) after severe
mechanical trauma with varied volumes of blood loss (100—
4000 ml) and hemodynamic disorders. The cohort included 67
men, 28 women, of which 59 survivors and 36 deceased patients.
Mean blood loss (BL) adjusted to body weight was 21,516,5
ml/kg varieng from1.4 to 61.5 ml/kg.

Patients were admitted to intensive care unit in 9,1£5,1
(-2—13) hours after the trauma.

All patients were divided in four groups depending on a
volume of the blood loss [23] as following:

1 DBL (degree I of blood loss) — 26 patients, the amount of
blood loss (ABL) was less than 750 ml (5,93+2,41 ml/kg).

IT DBL (Idegree II of blood loss) — 23 patients, ABL was
7501500 ml (11,5+1,5 ml /kg).

111 DBL (degree 11T of blood loss) — 23 patients, ABL was
1500—2000 ml (23,8+4,0 ml/kg).

IV DBL (degree IV of blood loss) — 23 patients, ABL was
more than 2000 ml (45,6£10,1 ml/kg).

The degree of BL was determined in relation to the site and
extent of injury, blood pressure, central venous pressure, heart
rate, shock index (blood pressure/heart rate ratio), respiratory
rate, hourly diuresis, and the level of consciousness [23, 24].
The volume of BL during surgery was estimated by a gravimet-
ric method [25]: intraoperative blood loss=(the weight of intra-
operative blood soaked specimens — dry specimens) + aspirated
wound blood (using aspiration catheter).

All patients also were divided into three groups according
to the type of trauma:

SCT (severe concomitant trauma) — 17 patients.

TBI (traumatic brain injury) — 43 patients. Twenty-six
(60%) patients had a brain injury as a result of violence, 14
(33%) — as a result of road accidents. Cause of traumatic brain
injury in 3 (7%) patients was associated with seizures.

SCT + TBI (combination of severe concomitant and brain
traumas) — 35 patients.

All patients were divided into two groups according to the
development of infectious complications:

Infection «+» group included those patients who devel-
oped infectious complications post-trauma on days 5—7 (69
patients)/Infection «-» group included patients with no infec-
tion (26 patients).

Table 1 presents the patients depending on the type of
trauma, severity of blood loss and presence of hypoxia based on
the amount of blood loss, the severity of illness by APACHE 11,
development of infectious complications, and number of sir-
vived and deceased patients.

to To assess the effect of hypoxia on DNA damage, apopto-
sis and necrosis of white blood cells two main groups were
formed based on the values of four indicators, which reflect
changes in the presence or absence of hypoxia (pO, in the cap-
illary blood, lactate levels, pH and BE plasma) .

Hypoxia «+» — 18 patients with changed four parameters
(pO, in the capillary blood, lactate levels, pH and BE of blood
plasma) at admission to intensive care unit.

Hypoxia «-» — 10 patients with all 4 parameters (pO, in
the capillary blood lactate levels, pH and BE of blood plasma)
in norm at admission.
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Ta6Jmua 1. XapaKTepHCTHKa rpynm nocrpaziaBlinX B 3aBUCUMOCTH OT BH/1a TPABMbl, CTEII€HH TAKECTH KPOBOIIOTEPH

U HAJIUYUA TUIIOKCHUH.

Table 1. Characterization of patients depending on the type of trauma, severity of a blood loss and presence of hypoxia

General group, n=93
ABL — 21,5+16,5 ml /kg,
APACHE II — 20,7£2,7;
Infection «+», n=69
Infection «-», n=26
59s/36d

IDBL, n=26

ABL — 5,93+2,41 ml /kg,
APACHE II — 20,1£2.8;
Infection «+», n=17
Infection «-», n=9
16s/10d

II DBL, n=23

ABL — 11,5+1,5 ml /kg
APACHE II 19,3£1,4
Infection «+», n=17
Infection «-», n=6
13s/10d

III DBL, n=23

ABL — 23,8+4,0 ml /kg
Infection «+», n=15
Infection «-», n=8
APACHE II 20,3+2,6
20s/3d

IV DBL, n=23

ABL — 45,6+10,1 ml/kg
APACHE II 23,1£2/4
Infection «+», n=20
Infection «-», n=3
10s/13d

Hypoxia «+», n=18
ABL — 2524169 ml/kg
APACHE II 21,0£2,3
Infection «+», n=13
Infection «-», n=5

I DBL, n=3; Il DBL, n=4;
111 DBL, n=5; 1V DBL, n=6
13s/5d

Hypoxia «-», n=10
ABL — 11,8463 ml /kg
APACHE II 19,8424
Infection «+», n=9
Infection «-», n=1

I DBL, n=4; 11 DBL, n=3;
11T DBL, n=3.

9s/1d

SCT, n=17
ABL — 33,3+14,6 ml/kg
APACHE II — 21,9£3,3
Infection «+», n=13
Infection «-», n=4
13s/4d
n=1
ABL — 10 ml /kg
APACHEII 16
Infection «-», n=1
1s

n=2
ABL — 13,2+3,0 ml /kg
APACHE II 19,0£1,4
Infection «+», n=1
Infection «-», n=1
2s
n=3
ABL — 229+3,7 ml /kg
APACHE II 22+4
Infection «+», n=3
3s

n=11
ABL — 42,0494 ml /kg
APACHE II 22,927
Infection «+», n=9
Infection «-», n=2
7s/4d
n=4
ABL — 38,2+9.8 ml /kg
APACHE II 22,0£2,8
Infection «+», n=2
Infection «-», n=2
IV DBL, n=4
3s/1d

TBI, n=43
ABL — 9,0+6,6 ml /kg
APACHE II 20,0+£2,5
Infection «+», n=31
Infection «-», n=12
93s/20d
n=24
ABL — 58+2,4 ml /kg
APACHE II 20,3£2,8
Infection «+», n=16
Infection «-», n=8
14s/10d
n=18
ABL — 11,3+1,2 ml /kg
APACHE 1T 19,3+1,5
Infection «+», n=14
Infection «-», n=4
9s/9d

n=1
ABL — 46,1 ml/kg
APACHE II 25
Infection «+», n=1

1d

n=5
ABL — 9,1+2,3 ml /kg
APACHE II 20,4£2,6
Infection «+», n=4
Infection «-», n=1
1 DBL, n=2; 11 DBL, n=3;
3s/2d

n=6
ABL — 7,9£1,9 ml/kg
APACHE 11 20,6+2,7
Infection «+», n=6
1 DBL, n=4; 11 DBL, n=2;
6s

SCT+TBI, n=35
ABL — 31,1+15,1 ml/kg
APACHE II 20,9+£2,6
Infection «+», n=25
Infection «-», n=10
26s/11d
n=1
ABL — 5,5 ml /kg
APACHE II 20
Infection «+», n=1
1s

n=3
ABL — 11,6224 ml /kg
APACHE II 19,3+1,2
Infection «+», n=2
Infection «-», n=1
2s/1d
n=20
ABL — 24,0+4,2 ml /kg
APACHE II 20,0+£2,3
Infection «+», n=12
Infection «-», n=8
s17/3d
n=11
ABL — 48,6+10,4 ml/kg
APACHE II 23,1£2,3
Infection «+», n=10
Infection «-», n=1
4s/7d
n=9
ABL — 28,3+17,6 ml/kg
APACHE II 20,8+2,0
Infection «+», n=7
Infection «-», n=2
I DBL, n=1; 11 DBL, n=1;
111 DBL, n=5; 1V DBL, n=2
7s/2d
n=4
ABL — 17,6+6,2 ml/kg
APACHE II 18,5+1,0
Infection «+», n=3
Infection «-», n=1
II DBL, n=1; III DBL, n=3;
4s

Note (IIpumeuanne): General group — ob6mas rpynna; DBL — degree of blood loss (crenens tsrectn kpoBonorepu); ABL — amount
of blood loss (06bem norepu kposu); SCT — severe concomitant trauma (Tsikesas ckeertas TpaBMa); TBI — traumatic brain injury
(JIepenHoO-MO3TOBast TpaBMa); s — survivors (Beuknsime); d — deceased patients (ymepume). Hypoxia «+» — runokcenst «+»; Hypoxia
«=» — runokcust «-»; Infection «+» — undexuns «+»; APACHE II (Acute Physiology and Chronic Health Evaluation IT) — mkazna

TAXKECTU OCTPpaJlaBUINX.

crosinust 1o APACHE 11, pasButuio nHGEKIIMOHHBIX OCJI0KHEHHI
U YHCJTA BBUKUBIINX U YMEPITUX OOIbHBIX.

[lns onenkn Biausnug runokcnn Ha JIHK-moBpexmenns,
IPOILECCHI AMONTO3A ¥ HEKPOo3a OeJIbIX KJIETOK KPOBH 0011ast rpyl-
Ia MOCTPAJIABIINX C TPABMOIT ObliIa pasjiesieHa Ha 2 TPYIIIIBI € yue-
TOM 3HAYeHMI 4-X MoKasaresieil, U3MeHEeHHsI KOTOPBIX OTPAKAIOT
HaJIM4ne WM oTcyTeTBre Tunokcuu: pOy B KaNMJIISIPHON KPOBH,
ypoBenb nakrata, pH u BE mmasmbr kposu.

Tunokcust «+» — 18 mocTpagaBIInx, y KOTOPBIX MIPU MOCTYII-
JIEHUU B PEAHUMATOJIOTUYECKOE OT/IeIeHNE ObLIIN U3MEHEHBI Bee 4
nokazaresst (pO,y B KalMJUIIPHOIT KPOBH, ypOBeHb JlakTarta, pH n
BE mra3msr kpoBn);

l'umokenn «-» — 10 nocTpazasIinx, y KOTOPBIX HPU TTOCTYII-
JIEHUHM B PeaHMMaToJIOTMYecKoe OT/AeeHne Bce 4 T1oKazaTelist

The major surgical interventions, such as laparotomy,
arrest of intraabdominal bleeding,closure of damaged organ
ruptures, craniotomy, removal of intracranial hematoma,stabi-
lization of bone fragments with an external fixator or a plaster
splint, skeletal traction were performed during the first 24
hours following trauma. Patients underwent intramedullary
osteosynthesis when their condition became stable.

According to the degree of BL and the type of dishydria, all
the patients were administered with infusions of packed red
blood cells and fresh-frozen plasma, balanced saline solutions
(disolum, trisolum) for the correction of blood electrolytes and
colloidal solutions (hydroxyethyl starch, voluven, hyperHAES)
to replenish volume of circulating blood and to maintain osmot-
ic pressure.

OBINAA PEAHMMATOAOTI WS, 2014, 10; 4
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(pO, B KanmIApHOH KpoBH, ypoBeHb daktaTta, pH 1 BE nmmasmbr
KPOBU) ObLIU B TIPE/IEIAX HOPMBI.

OcHOBHbIE OIEPATUBHbIE BMEMIATEIBLCTBA: JIAAPOTOMHUSI, OC-
TaHOBKA BHYTPUOPIONIHOTO KPOBOTEUYEHWsI, YIITMBAHNUE Pa3pPHIBOB
MOBPEK/IEHHBIX OPraHOB, TPEMAHAINS Yepera, y/ajJeHe BHy Tpu-
YepEITHOIl TeMAaTOMbI, CTAGMIII3AINST KOCTHBIX OTJIOMKOB C HAJIO-
SKEHHEM THIICOBOM JIOHTETbI, (hOPMHUPOBAHIE CKEJIETHOTO BBITSIKE-
HUSL — BBINOJHSJIM B IepBble CyTKU. Ilpu crabumusanuu
COCTOSIHUSI GOJTGHBIM TIPOBOJIIIN OCTEOCHHTES.

B 3aBucuMocTn 0T 06beMa MOTEPU KPOBU M BUJA VCTHIAPUN
BCeM GOJIbHBIM BBOJIUIIU 9PUTPOIUTAPHYIO MACCY M CBEKE3AMOPO-
JKEHHYTO TIIIa3My, cOaTaHCHPOBAHHBIE COJIEBBIE PACTBOPBI (MCOIb,
TPUCOJIb) /LTSI KOPPEKIIUK DJIEKTPOJIUTOB KPOBU M KOJJIOM/HBIE
pacTBOpbI (TMAPOKCUITHIKpaxMals, BooseH, ruepXAEC) s
BOCTIOJTHEHUsT 06beMa TIMPKYIUPYIONENl KPOBH 1 MOJIEPKAHIUS
OCMOTHYECKOTO JIABJIEHHSL.

B peaHuMaToJIOrHYecKOM OT/IEJIEHUN TIPOBOIUIN aHTHOAK-
TEPUATbHYIO TEPAITHIO (TIPU MOCTYIIEHIN — aHTUGAKTepUaIbHbIE
rpenapars! 11eajJoCIOPUHOBOTO Psi/ia TPETHETO IOKOJEHHS; B
JaibHENIIeM TIPOBOIUIIN KOPPEKIINIO aHTHOAKTEPHANBHOI Tepa-
AU B COOTBETCTBIU C MOTYYEHHBIM PE3yJIbTaTOM MUKPOOHOIOTH-
YECKOTO MCCIEA0BaHNs GPOHXOATbBEOISIPHBIX CMBIBOB), POdU-
JAaKTUKY 00pa3oBaHus 3B (1lepyKas, OMe3) U TPOMOOTHUECKUX
OCJIOJKHEHU (renapu, KJIeKCaH ), PeCIUPATOPHYIO TTOIEPIKKY.

Cemuzecsiti st (79%) n3 95 mocTpagaBIINM POBO/IN-
Jlach pecrnupaTopHas Iojjep:kka ammaparom DréagerSavina
(Drager, [epmanust) ¢ MOMeHTa MOCTYIJIEHUS] B PEAHIMATOJIOTH-
yeckoe otiesienyie. Ee cpeHss mpojoKUTeIbHOCTD COCTABIIIA
8,4+5,1 cyTok. B rpynme BbIKUBIIUX GOJBHBIX MPOAOJKUTENb-
HOCTb PECINPATOPHON TOJJEPKKH cocTaBuia 8,7£3,4 CyToK, B
rpymme ymepmmx — 7,8+4,6 cyTox. /L1 yydinenns canannn Tpa-
XeOOPOHXUATILHOTO JiepeBa Ha (OHE TIPOJIEHHOIT HCKYCCTBEHHON
BEHTUJISAINN JieTKuX 71-My (75%) 60JIbHOMY 113 BCeii TPYIIIIBI [TO-
CTPAJIABIIMX Ha TPEThH CYTKU OblJIa BBITIOJHEHA CPEIMHHAsT Tpa-
xeoctomust. [IBajatu yetbipeM (25%) u3 95 noctpagasimx Obiia
MPOM3BeIeHa IKCTYOAIHSI TPAXEH TOCIE OCHOBHBIX OMEPATUBHBIX
BMEIIATEJNBCTB C TIOCJELYIONINM TIPOBE/IEHIEM HENHBA3UBHOI
BEHTUJISIIUY JICTKUX.

JLuist BocoJIHEH ST 9HEPreTHYeCKHX 1I0Teph OPraHn3Ma 1mocT-
PAJIABIINM C TSDKEJIOH COUeTAaHHOI TPAaBMOM €3KeZIHEBHO BBOJIIIIN
400—800 mu 10% pactBop T110K03b1. OCHOBHASI Macca BBOJANMBIX
PacTBOPOB MPHUXOAMIACH HA IEPBBIE TPOE CYTOK TPeOBIBAHMUS
6OJIBHBIX B PEAHNMATOJIOTHIECKOM OT/IEJIEHNUIL

HauuHast co 2-X cyToK Bce GOsIbHBIE TOJMYYaIu JHTEPATLHOE
nuranue cbanancupoBanubiMu cmecsimit (Hyrpuan Cranzapt u3
pacuera 2-2,5 1 B CYTKH, IPOOHO, C KOHTPOJTEM YCBOEHUS) depes
YCTQHOBJICHHBIN HA30raCcTPaIbHbLII 30H/I.

Kimunko-r1aGoparopHasi XapaKTepHCTHKA MOCTPAIaBIINX.
TIpu mocTymieHnn B cTaliioOHap BCEM MOCTPAIABIINX TPOBOIUIN
remaToJsiorudeckoe (remartosiorumueckuii ananuszarop — ABX
Micros 60, Heriba ABX Diagnostics, @paniiust) uccienoBamie
KPOBH: 9PUTPOIUTHL, FeMOTJIOONH, TeMAaTOKPHT, JIeHKonTel. KoH-
HEHTPAIIO [ITIOKO3bI 1 JIAKTATA B TJIA3Me KPOBHU OIPEIEJISLIN dJie-
KTPOXUMIUYECKIM MeTOJIOM Ha anayim3arope Biosen-S-Line (EKF
Diagnostics, Iepmanus) ¢ ucnonbsoBannem untn-cencopos (EKF
Diagnostics, Tepmanus). OnpezesieHrie GHOXUMUYECKUX TTOKA3a-
TeJseil mra3Mbl KpoBu (00mIumil 60K, MOYeBIHA, KPEATHHUH, 00-
it GuupyGuH, IpsAMoil GuupyGuH, ataHMHaMUHOTpaHChepa-
3a (AJIT), acnapraramnnorpancdepasza (ACT) npousBoanan Ha
ouoxummueckoM ananuzarope SAPPHIRE-400 (Tokyo Boeki,
Anonns).

JIUHAMUKY KJIMHUKO-Ta00PATOPHBIX MOKA3aTes el OleHUBAII
C yYeTOM JIAaHHBIX, T0JIy4eHHbIX Ha 1-€, 3-u, 5-€, 7-e u 15-e cyTKu.

B nepBbIil 1eHb HAOMIOIEHNS Y BCEX TIOCTPAJABINKX TIPU T10-
CTYIJIEHUU B PEAHUMATOJIOTHYECKOE OT/IeJIEHHE PETHCTPUPOBAIII
MPU3HAKH TPABMATHYECKOTO 1OKA, TIPOSIBIISIONIMECs] CIIe/YIOMIN-
M KJINHUKO-Ja00PATOPHBIMI MOKa3aTessIMIL CHIKenHoe Alcp
(64,3£11,9 mm pr. ct.), cunycosas taxukapaust (YCC = 110£15
VIapoB B MUHYTY), MeTabosmyeckuit arnos [pH 7,3 (7,29; 7,39),
BE -3,05 (-6,9; -0,3) mmoub/a|, tumokcemmio [pOy 62,9 (49,2;

All the patients in the intensive care unit received antibi-
otics (third-generation cephalosporins on admission, then
antibacterial therapy adjusted according to the results of micro-
biological tests), prevention of ulceration (omeprazole) and
thrombotic events (heparin, clexane), and respiratory support.

Seventy-five (79%) from the 95 patients received respira-
tory support using a Driger Savina ventilator (Dréger,
Germany) after admission to intensive care unit. Average dura-
tion of support was 8,4+5,1 days, specifically, 8,7+5,4 days in
patients who survived, and 7,8+4,6 days in a group of patients
who died. Seventy one (75%) of all patients received median
tracheostomy on the third day to improve the sanitation of the
tracheobronchial tree against prolonged artificial ventilation.
In twenty-four (25%) of 95 patients tracheal extubation after
major surgical procedures was performed.

The patients with SCT were infused with 10% glucose
solution (400—800 ml) per day to replenish the body energy.
The bulk of the solutions were infused within the first three
days of the patients' unit stay.

On day 2, all patients received balanced enteral nutrition
formulas (Nutrient Standard, Nutritek, Russia), up to 2.0—2.5
liters daily, intermittently, under the control of the volume of
food absorption.

The results of clinical and laboratory studies

On admission, blood tests (red and white blood cells,
hemoglobin, hematocrit) were performed in all patients with
the aid of ABX Micros 60 Hematology analyzer (Heriba ABX
Diagnostics, France). Plasma glucose and lactate concentra-
tions were electrochemically measured by a Biosen-S-Line ana-
lyzer using chip sensors (EKF Dagnostics, Germany).
Concentrations of protein, urea, creatinine, total bilirubin,
direct bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase (AST) were determined by biochemical ana-
lyzer SAPPHIRE-400 (Tokyo Boeki, Japan).

The time course of clinical and laboratory changes were esti-
mated on the basis of the data obtained on days 1, 3, 5, 7, and 15.

On the first day of observation in all patients at admission
the following parameters were recordered: reduced ABP
(64,311,9 mm Hg), sinus tachycardia (heart rate=110+15
beats per minute), metabolic acidosis [pH 7 3 (7.29, 7.39), BE
-3.05 (-6.9, -0.3) mmol/L], hypoxemia [pO, 62.9 (49.2, 83.5)
mm Hg], hyperlactatemia [2.9 (1.96, 4.65) mmol/L], decreased
level of consciousness [GCS score 11+7,9].

On admission all patients experienced a decrease in hemo-
globin level [124 (98, 134) g/1], hematocrit [35 (28, 39)%], the
number of erythrocytes [4.06 (3.28, 4.38) X 10"] and increase in
number of white blood cells [15.6 (10.9, 20.9) X 10°], glucose
[8.27 (6.58, 10.70) mmol /L], ALT [69.3 (36.5; 127.9) IU/L] and
AST [124.1 (53.0, 213.7) TU/L] in blood presumably due to
cytolysis as a result of tissue damage on the first day after trauma.

On the third day after trauma patients exhibited decreased
hemoglobin level [80 (67, 98) g/L] and number of erythrocytes
[2.57 (2.21, 3.24) X 10"] most likely due to hemodilution by
massive infusions and transfusions. Administration of buffer
solutions and mechanical ventilation resulted in pH normaliza-
tion to 7.44 (7.39, 7.48), increased oxygen tension [69.1 (56.5,
118.15) mm Hg], correction of base deficit [-0.1 (-3.2, 2.05)
mmol/L] and decreasing the number of leucocytes to 9.2 (7.7,
12.4) x 10",

On days 5 and 7 after the trauma inspite of respiratory sup-
port and surgical interventions, 66 from the 95 patients devel-
oped secondary infectious complications associated with a lack
of a motor activity. Inferctions included purulent bronchitis (49
patients,74.2%), nosocomial pneumonia (35 patients, 53%), sec-
ondary purulent meningitis (6 patients, or 9% of patients with
TBI and TBI + SCT).

The level of stab neutrophils from patients with infectious
complications on day 5 was 8.0 (5.0, 10.0)% whereas in patients
without infectious complications it decreased to 4.5 (4.0, 6.0)%

(P...).
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83,5) MM pr. ct.], rumepaakraremust [2,9 (1,96; 4,65) mmoun/x],
cumkenue yposust cosnanust [IITKT 11+7,9 6annos].

VY Bcex MOCTPAIABIIKX [P HOCTYIVIEHUH OTMEYaIoCh CHHU-
sKeHne yposHs remoriobuna [ 124 (98; 134) r/xa], remarokpura [35
(28; 39)%], kosmmuecrBa aputporutoB [4,06 (3,28; 4,38) X10%],
HoBbIIIeHIEe KoJmdecTBa jeitkorutos [ 15,6 (10,9; 20,9) X10°], ru-
neprimkemust [8,27 (6,58; 10,70) Mmouin/it], yBesndeHue ypoBHst
AJIT 69,3 (36,5;127,9) ME /x], ACT [124,1 (53,0; 213,7) ME /],
BCJIEJICTBHE IIUTOJIN3A B PE3yJIBTaTe MPSIMOI0 MOBPEXK/IEHUS TKa-
Heil B IePBbIe CyTKU TTOCJIE TPABMBI.

Ha 3-u cyTku nocJjie TpaBMbl B CBSI3H € TIPOBEJEHUEM MaCCHB-
HOiT MHMY3MOHHO-TPAHC(HY3MOHHON Teparmuu y MOCTPATABIITNX
OTMEYaJIoCh JajbHelllee CHIKeHe ypoBHs remoryobuna [80
(67;98) r/n] u kommuectBa spuTpOUTOB [2,57 (2,21; 3,24) X10%]
BeasiegicTre remoziuaionuu. Ha dhome nposeienst HCKyccTBeHHOI
BEHTHJISAIMHN JIETKUX, BBeIeHUs Oy (hepHBIX pacTBOPOB Ha 3-ii IeHb
HabmoieHnst orMevasach HopManusanusa pH o 7,44 (7,39; 7,48),
NOBBIIIEHIEe HanpsikeHus1 Kuciaopoja [69,1 (56,5; 118,15) MM pr.
ct.], koppekuns neduimra ocHosanuit [-0,1 (-3,2; 2,05) MM/x],
cHMKeHne KoJmuectsa JeiikonuTos [9,2 (7,7, 12,4) X10°].

Ha 5-e u 7-e cyTxu nocsie TpaBmbl, Ha (hote IPOBeeHus pe-
CIMPATOPHOIT TTO/IEPIKKH, OTIEPATUBHBIX BMEIIATETCTB, OTCYTCT-
BUS JIBUTATEJILHOI aKTUBHOCTH, Y 66 13 95 1ocTpajiaBInx pa3su-
JIUCh  BTOpUYHble WHGMEKIMOHHbIE OCJHOXKHEHUS: THONHBII
TpaxeoOpoHXUT — ¥ 49 (74,2%), HO30KOMHAIbHAST TTHEBMOHUST —
y 35 (53%) 13 66 mocTpajaBuInX, BTOPUYHBIIT THOWHBIIT MEHUHTUT
—y 6 (9%) nocrpagasinx ¢ YMT u UMT+TCT.

YpoBeHb NATOYKOSIIEPHBIX HEUTPOMHIIOB Y TTIOCTPA/IABIINX C
pa3BUBIIUMUCS MHGBEKIIMOHHBIMEI OCTIOKHEHUSME HA 5-€ CYTKH
cocrasu 8,0 (5,0; 10,0)%, y mocTpanaBiiux 6e3 MHOEKIMOHHBIX
ocoxuenuit — 4,5 (4,0; 6,0)%.

Ha 7-e cyTku mocsie TpaBMbl B 00III€li IPYIIIe TTOCTPALABIINX
MMEJIMCh CJIE/YIONHe 3HAYEHHs IeMaTOJIOTMYeCKUX ITOKasaTeJieil:
KoJmuecTBo Jieiikonuro — 9,7 (6,3; 10,75)X10°, apurpormroB —
2,76 (2,59; 3,16)x10", yposenb remorsiobuna — 85,0 (75,5;93,5) r/a1.

K 15-M cyTkaM OTMeyasu MOBBIIIEHNe YPOBHSI TeMOTJIOOHA
[92 (85;100) r/x], yBesmdenue KoamdectBa apuTpoIuTos [3,13
(2,79; 3,33)x10"]. TIpu BOCCTAHOBJEHUN CO3HAHUSI, CTAOUIN3A-
MU COCTOSTHUST U KJIMHUKO-Ia00PATOPHBIX MOKa3aTeeil GoIbHbIe
OTKJIIOYaInCh oT anmapaTa MBJIL.

B rpynne nocrpazasmux ¢ usosuposannoit YMT npu mno-
CTYIUIEHUH OTMEYATNCH Opajii- 60 TAXUKAP/IIs, apTepHaTbHast
TUTIEPTEH3NST, PACCTPOICTBA YaCTOTBI M PUTMA JIbIXaHUSI.

¥ 10 (23%) nocrpapasmnx ¢ YMT Ha 3—5-cyTkE GbLIN 06-
HapYy’KeHbl MEHUHTEAbHbIE CUMIITOMBI, 110 PE3YJIbTaTaM IUTOJIO-
I'UYECKOTO MCCJIE0BAHNST JIUKBOPA, Y AaHHBIX GOJBHBIX OB BbI-
SIBJICH BTOPUYHBII THOMHBII MeHUHTUT. Y 18 13 43 nocTpajasummx
¢ UYMT mna 5-e, 7-e CyTKH PasBUJIUCh 'HOMHBIA TPaxeoOGpOHXUT
1/WJTH PEHTTEHOJOTNYeCcKas M KJIMHUYECKast KapTHHA HO30KOMH-
anpHOi mHeBMOHUM. Y 3 (6,9%) nocTpagaBIinx ¢ 4epernHo-Mo3ro-
BOI TPAaBMOIi Pa3BUJICDH TIPUBHAKK OCTTPABMATHYECKOTO Heca-
XapHOTo rabeTa, KOTOPBIil POSBIISIICS MOJINYPUeil B COUeTaHuI
¢ HapacTallei ruriepHaTprueMueil 1 HU3KOi OCMOJISIPHOCTbIO MO-
Y, Pa3BUBIINXCS B PAMKAX JMCJIOKAIIMU OJOBHOrO Mo3ra. B riep-
BYIO HEJIETIO TI0CJIe TPABMbI YPOBEHD TJTIOKO3bI ¥ TIOCTPA/IABIINX C
YMT O6bLI BbILIIE HOPMBI.

Tpumnaru 1Bym (74%) 13 43 6osbrabix ¢ UMT mpoBozmiach
MOCTOSTHHAST BA30IIPECCOPHAST TIO/IEPIKKA JUIST 00ECTICIEHHST AIeK-
BATHOTO 11ePEOPATBHOTO TIePHY3HOHHOTO IABJICHNUS, & TAKKE MEJIU-
KaMeHTO3Has1 CeJIAlsI C I1eJIbI0 CHUKEHUST TIOBBIIIIEHHOTO BHY TPHYe-
PEITHOTO JIABJIEHNST 1 9HEPro3aTpar. J{Jisi CHUKEHUs TOBBIIIIEHHOTO
BHYTPUUYEPEITHOTO JIaBJIeHUsI GOTbHBIM BBOIUIIN MAHHUTOJI 110/l KOH-
TPOJIEM 9JIEKTPOJINTOB KPOBH 1 TIPOBOJIJIM YMEPEHHYIO I'HIIePBEH-
THJISIIIIO TI0/{ KOHTPOJIEM Ta30B aPTEPUATBHON KPOBHL.

Meron onenxu JITHK-noBpe:xnenuii. /[HK-noBpesxnenust, re-
KPOTHYECKIE I alONTOTIYECKIE U3MEHEHIST B OEJIBIX KJIETKAX KPOBI
orermBasi Metoziom JIHK-komer [ 26]. 3a6op kpoBu ju1st necsieiona-
Hust GeJIBIX KJIETOK KPOBH IIPOBOAWIM B TPYIIIE CPABHEHUST OIHO-
KPATHO 13 JIOKTEBOI BEHBI, Y TIOCTPA/IABIINX — M3 MOKIIOUNIHOM
BeHbI B iHK mcceoBanms. O6pasiibl KpoBH (2 M) CMEIUBAIN ¢

On day 7 after the trauma patients experienced the follow-
ing haematological values: leucocytes — 9.7 (6.3, 10.75) X 10°,
erythrocytes — 2.76 (2.59, 3.16) X 10", hemoglobin level — 85.0
(75.5,93.5) g/I.

On day 15 an increase in hemoglobin level [92 (85, 100)
g/1] and number of red blood cells [3.13 (2.79, 3.33) X 10"]
became evident. When the consciousness and stabilization of
the clinical and laboratory parameters were recovered, patients
were disconnected from the ventilator.

In patients with isolated TBI at admission bradycardia or
tachycardia, hypertension, disorders of rate and rhythm of
breathing were revealed.

In 10 (23%) patients with TBI on days 3—5 the meningeal
symptoms were diagnosed. According to the cerebrospinal fluid
cytology, it was a secondary purulent meningitis. Eighteen of 43
patients with TBI developed purulent bronchitis and/or radio-
logical and clinical picture of nosocomial pneumonia on days 5
or 7. Three (6.9%) patients with traumatic brain injury were
diagnosed with signs of post-traumatic insipidus diabetes,
which was manifested by polyuria combined with increasing
hypernatremia and low osmolarity of urine, and had been devel-
oped because of brain dislocation. In the first week after trauma
the glucose levels in patients with head injury were higher than
normal.

Thirty-two (74%) of 43 patients with TBI received con-
stant vasopressor support to ensure adequate cerebral perfusion
pressure, combined with sedation to reduce elevated intracra-
nial pressure and energy consumption. Mannitol was adminis-
tered to reduce elevated intracranial pressure under electrolyte
levels control, and moderate hyperventilation under the control
of arterial blood gases was performed.

Method of DNA damage assessment.

DNA damage, necrotic and apoptotic changes in white
blood cells were assessed by comet assay [26]. Blood samples
from the control group were harvested from cubital vein only
once, whereas the sa,ples from patients were harvested from the
subclavian vein on indicated days of the study.

Blood samples (2 ml) were mixed with an equal volume of
RPMI-1640 medium containing 10% DMSO, frozen and stored
prior to analysis at -20°C. Fifty ul of blood were added to the
tubes each containing 0,5 ml of 1% agarose solution, then the
mixture was resuspended and transferred onto agarose-coated
slides. After consolidation of agarose slides were treated by a
chilled buffer (10 mMTris-HCI [pH 10], 2.5 MNaCl, 100
mMEDTA-Na,, 1% TritonX-100, 10% DMSO) for at least 1
hour followed by electrophoresis in alkaline and neutral ver-
sions. In neutral version the slides were subjected to elec-
trophoresis in Tris-borate buffer (pH 8.0) for 10 minutes at a
field strength 1 V/cm. In alkaline versions slides were incubated
in a electrophoresis buffer that contained 300 mMNaOH, 1 mM
EDTA-Nay, pH> 13 for 20 minutes to denature the DNA and
detect alkaline-labile sites. Electrophoresis was performed at a
field 1V /cm and current strength ~ 300 mA for 20 min. Then, the
electrophoresis slides were fixed with a 70% ethanol, dried and
stored at a room temperature until DNA comet image analysis.

Immediately prior to microscopy, the slides were stained
with a fluorescent dye SYBRGreenl (1:10000 in TE buffer) for
30 min. Analysis was performed using epifluorescence micro-
scope Micmed 2-12T («Lomo», Russia), combined with a high-
resolution digital camera (VEC-335, «<EMU», Russia), at X400.
Images of DNA comets were obtained by micropreparations and
analyzed using software CASP 1.2.2 (CASPLab, USA). As an
indicator of DNA damage, the percentage of DNA in the tail
related to the total amount of DNA in the comet was calculated.

Apoptotic DNA comets were identified as specific «DNA
comet» with diffuse «tail» and almost missing «head»; necrot-
ic comets were identified as broad diffuse «<DNA comet» with
irregular shape [27]. These atypical DNA comets were con-
sidered as resulted from apoptotic or necrotic cell death,
respectively.
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paBHbIM 0GBemMoM cperbl RPMI-1640, comepxameii 10% anmerm-
cysibhoKeH/Ia, 3aMOPaKUBATIN ¥ XPAHWIIM JI0 aHAJIM3A TIPU MUHYC
20°C. O6pasiibl KpoBH B 00beMe 50 MKJI BHOCH/IH B TIPoGUpKH ¢ 500
MKJT 1% pacTBopa araposbl, pecyCIeHIPOBAIN 1 HAHOCHITN Ha TIPE/I-
BApHUTEJIBbHO IMOKPBITBIE arapo3oil mpeamerHele creksa. Ilocie 3a-
TBEP/IEBAHMST arapO3bl MUKPOIIPEIAPAThl IM3UPOBAIH OXJIAXK/IEHHBIM
6ydepom (10 mMTris-HCI [pH 10], 2.5 MNaCl, 100 nMEDTA-Na,,
1% TritonX-100, 10% DMSO) ne menee 1 yaca. [Tocsie okoHuaHMs
JIN3HCA ITPOBO/IVIIN AJIEKTPOhOPE3 B IIETIOUHON 1 HEHTPATIBHOI BEp-
cuax. B mefiTpaabHoil Bepenit Mo OKOHYAHHIO JTM3Mca MUKPOIIpera-
parbl oaBeprayu asekrpodopesy B Tpuc-6oparaom Gydepe (pH
8.0) B Teuenue 10 MunyT nipu HanpsurenHocTy ot 1V /cm. B me-
JIOYHO#T BEPCUH MUKPOIIPENapaThl HHKYOHPoBasm GyhepoMm st aJie-
krpodopesa, cozepxkamum 300 mMNaOH, 1 mM EDTA-Na,,
pH>13 B Teuenue 20 mumnyT /st mesounoit nenaryparmu JJHK n
BBISIBJICHHUST TIEJIOYHO-TTAOMITBHBIX CAlTOB. DJIeKTPOhOpes TPOBO/IU-
s B TedeHne 20 MUHYT IpH HanpsikeHHocTH 110711 1V /em 1 cuite To-
ka ~300 mA. ITo oxoryanuio stama asekTpodopesa MUKpOIIpenapa-
ThI (hrkenposasy B 70% pacTBOPE STUIIOBOTO CIIMPTA, BBICYIIHBAJIN 1
XPaHWJIM /IO aHAJI32 IIPU KOMHATHOIT TemIieparype.

HerocpencrBento repeji MUKPOCKOTIUPOBAHUEM TIPEHapaThl
okpammuBann diayopectupyiomuM kKpacuteaemM SYBRGreenl
(1:10000 B TE-6ydepe) B Teuerne 30 MiH. AHAIN3 TIPOBONIN HA
anudayopeciienTHoM MuKpockorne Mukwmen-2 12T («Jlomo»,
Poccust), coBmeniennom ¢ 1npoBoit KaMepoit BBICOKOTO paspe-
menust (VEC-335, «9BC», Poccust), npu ysennuenun X400. [To-
JIydeHHbIe ¢ MUKpoITpenaparos n3obpaxenust JJHK-komer anasri-
3MPOBAJIN C MCIIOJIB30BaHUEM ITporpaMMuoro obecriederust CASP
1.2.2 (CASPLab, USA). B kauecTBe mOKa3aTest MOBPEKACHHOC-
tn /IHK ncnonbszoBanu nporertnoe conep:xanue JHK B xBocTe
ot obmero kommuectsa JJHK B komere.

Anonroruueckue JTHK-komers upentudumpoBaim Kax
crenuduunbie «/IHK-xomersr» ¢ muddysnbiM «XBocTOM» 1
MPAKTUYECKH OTCYTCTBYIOIIEH <«TOJIOBOW», a HEKPOTUYECKHE —
kak mupokue auddysusie «/IHK-komers» HenpasuibHOil dop-
MbI [27]. Borasaenne Takux atumuaabix JJHK-komeT moskio pac-
CMaTpuUBaTh KaK KOCBEHHBIN 1I0Ka3aTeJb, COOTBETCTBEHHO, aIlOI-
TOTUYECKON UM HEKPOTHUECKOI THOEN KIETOK.

WcnonpsoBanue mesnoynoro Bapuanrta Meroga /IHK-komer
MO3BOJISIET MHTETPAJIBHO OIEHUBATH BBIXOJ] OJIHO- W IBYHUTEBBIX
Pa3pbIBOB U 1EJTOYHO-TabUIbHLIX caiitos. Merogom JIHK-komer,
MPOBOJIMMBIM B HEHTPAIbHBIX YCJOBUSAX CPEJIbl, JAETEKTUPYIOT
npenmyiectsenno aByauTesble paspeiebl [JHK. Cremens mo-
spexxienHoct /IHK ornennBaercs 1o yBeMyeHUI0 KOJTMYECTBA
murpuposasiieit JITHK nocie nposenens anexrpodopesa JJTHK
UMMOOUJIU3UPOBAHHBIX B arapo3e OT/ETbHBIX KJIETOK.

Komnmenrpariio Baeksaerounoii /IHK B mtasme kposu orpejie-
Jsi (hJIyOPUMETPUYECKH, € UCIIob3oBaHeM Habopa Quant-iT™
HS DNA Assay Kit (Invitrogen, CIIIA).

Conepskanue 8-ripoKcu-2-1e30KCUTYaHO3NHA B ILJIa3Me
KPOBH OIIPeJIeJISLIN ¢ HOMOIIIBI0 UMMYHO(EPMEHTHOTO METO/IA €
ncrosnp3oBarneM Habopa 8-hydroxy-2-deoxyGuanosine EIA Kit
(Cayman Chemical, CIITA).

Cozeprkaniie Kacraspl-3, Kacnasbi-9, CyrnepoKCuncMyTasbl
u SAPO-1/FAS, onpezessiii ¢ OMOIIBbI0 UMMYHO(EPMEHTHOTO
MeTojla C UCHOJb30BaHUEM TecT-cucTeM Gupmbl  Bender
MedSystems (ABcTpust).

B rpymmy cpaBHeHNUs BOIUIH 8 TOHOPOB B Bo3pacte 28,5+3,4
(ot 25 110 35) zet, p<0,05 OTHOCHTENBHO TPYIIIBI OCTPAIABIINX.
Co cyioB 106POBOJIBIEB, 10 B3SITHSI AHAIN3A OHU HE TIPUHUMAIN
HUKaKUX MPENapaToB, aJIKOTOJIbHBIX HAIMMTKOB M OTPHUIIAIHN (hakT
HaJInuust Kakux-1nbo 3abosieBaHuil. 3HaueHUst JaGOPATOPHBIX
JAQHHBIX M JAHHBIX, 1osrydennbix Merogom [JHK-komer y 31m0po-
BBIX I0GPOBOJIBIEB, TPUHSTHI 32 HOPMY.

VceeoBanye BBIMOJIHSIIN C COTJIACHST 9THYECKOTO KOMUTE-
ta HUU ob6mieit peanmmaronoruu um. B. A. Herosckoro PAMH.

Craructidyeckyio 06paboTKy HPOBOAUIIN € OMOIIIBIO TIAKEeTa
nporpamm Microsoft Excel (Microsoft Corporation, USA) u
Statistica 6.0 (StatSoft Inc., USA) ¢ ucnosib3oBaHueM MPUHIIUIIOB
MaTeMATHYeCKOTO AHAIN3a MEIMKO-OMOJOTHIECKIX MCCIE0Ba-

Alkaline comet assay allows the evaluation of the integral
output of one-and double-strand breaks and alkali-labile sites.
Comet assay conducted in neutral environments detected main-
ly damaged DNA with double strand breaks. DNA damage is
assessed by an increase in the number of migrated DNA after
electrophoresis of DNA of immobilized of individual cells in
agarose.

The concentration of extracellular DNA in plasma was
determined fluorimetrically, with using a set of Quant-iT™ HS
DNA Assay Kit (Invitrogen, USA).

The content of 8-hydroxy-2-deoxyguanosine in plasma was
determined by ELISA using 8-hydroxy-2-deoxyGuanosine ETA
Kit (Cayman Chemical, USA).

Quantification of caspase-3, caspase-9, and superoxide dis-
mutase and SAPO-1/FAS in plasma was determined by ELISA-
based test systems from Bender MedSystems (Austria).

A comparison group consisted of eight apparently healthy
volunteers aged 28.5+3.4 years (from 25 to 3 years, p<0.05 ver-
sus patients group). The volunteers reported that they had
taken neither drugs nor alcohol before blood sample harvesting
and had no history of any diseases. The data obtained by DNA-
comet method in healthy volunteers were accepted as a stan-
dard.

The investigation was conducted by the consent of the
Ethics Committee of the V. A. Negovsky Research Institute of
General Reanimatology, Russian Academy of Medical Sciences
and followed the Helsinki Declaration.

The data were statistically processed using Microsoft
Excel and Statistica 6.0 (StatSoft Inc., USA) according to basic
requirements for medical and biological data processing [28].
Arithmetic mean (M) and standard deviation (o) were comput-
ed, and the distribution was checked for normality. The median
(MD) and the interaquartile range (IQR) were used for data,
distribution of which did not meet normal distribution. The
nonparametric Wilcoxon test was used to check the statistical
hypotheses when compared the groups. Prediction of infectious
complications was determined by logistic regression. The values
were considered statistically significant at P<0.05.

Patients with decompensated somatic diseases: cardiovas-
cular, diabetes, with inoperable malignant tumors were exclud-
ed from the study.

Results and Discussion

Free extracellular DNA in plasma

Extracellular DNA concentration in the blood plas-
ma of patients with severe trauma was higher in compari-
son to the control during the first two weeks of observation
presumably due to the output of DNA from damaged cells
by trauma. [29]

Significant increase in concentration of free DNA in
the blood plasma of patients with severe trauma was
revealed on day 1 [1.51 (1.22, 1.94) pg/ml] and day 3 [1.62
(1.23, 1.83) ug/ml, P<0.05] when compared to the control
group [0.85 (1.06, 0.83) ug/ml].

Gradual slight increase in concentration of extracel-
lular DNA in plasma during the first week of observation
[1.71 (1.23, 1.92) pg/ml was observed on day 7 after the
trauma. Most likely, this increase was due to intensifica-
tion of liquidating post-trauma processes of removing of
cellular disintegration products liberated from damaged
tissues.

During the second week of observation a gradual
decrease of this index with a return to its initial value [1.56
(1.20, 1.73) pg/ml] to day 15 was observed that was likely
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nuit [28]. [{ns mosrydeHHbIX aHHBIX, pacipesesienne KOTOPhIX, B
BapUAIMOHHOM DSy HOCHJIO HOPMAJbHBIN XapakTep, ObLIN uC-
MoJIb30BaHbl cpemnee apudmernyeckoe (M) u cranpapraoe ot-
KJIoHeHue (0), a 1S IAHHBIX, He OTBEYAIONX HOPMaJIbHOMY pac-
npeziesieHuto, onpeaessiii mearany (Md) u MesK Ty KBapTUITLHBII
pasmax (qs; qq). L1 TocTpoeHus MOJIe/IN ITPOTHO3a BEPOSATHOCTH
pa3BUTHST MH(DEKIIMOHHBIX OCTOKHEHNI NCITOJIB30BAJIH JIOTHCTH-
4ecKyIo perpeccuto. JIJist IpOBEPKH CTATUCTHIECKUX TUTIOTE3 ObLI
HCTIOJIb30BaH Hemapamerprueckuii kpurepuii Buskokcona. Cra-
TUCTUYECKU 3HAYNMBIMI CYUTAIIN TIOKA3ATENH TIPU BEPOSITHOCTH
ommbku p<0,05.

V3 uccienoBaniist ObUII UCKIIIOYEHBI GOIBHBIE C IEKOMITEH-
CHUPOBAHHON COMATHYECKOI ITaTOJIOTHEl: CepedHO-COCYANCTOH],
CaxapHbIM UA0ETOM, ¢ HeOolepabe bHBIMU 3JI0KAYECTBEHHBIMU
HOBOOOPA30BAHMSIMIL.

Pe3yabraThl 1 00CyK/I€HHE

Cso6oanas suexiaeroynad JITHK B miazme.Ilosbl-
meHHoe cogepskanue cBoboaHoil JIHK B riazme kposu no-
CTPA/IaBIINX C TSIKEJIOU TPABMON OTHOCUTEIbHO KOHTPOJIS
JIEPSKUTCS HA BCEM IPOTSKEHUU MEePBbIX JIBYX He/lesIb Ha-
6urroztenust, uto 00ycioBseHo nocrymienrem JTHK us xire-
TOK, TOBPEKJECHHBIX B pe3yJ/ibrare TpaBMbl TKaHeil. [29]
JlocTOBEPHO 3HAYMMOE TIOBBIIIEHUE COLMEPKAHMS CBOOO/I-
noit /THK B miasme KpoBHM MOCTPAJABIIUX C TSKEIOH
TpaBmoii mosrydeno Ha 1-e [1,51 (1,22; 1,94) mxr/mi| u 3-u
[1,62 (1,23; 1,83) mkr/mia, p<0,05] cyTKH OTHOCUTETHHO
rpymist cpaBaenus [0,85 (1,06; 0,83) mkr/mi|.

B nuHaMuke oTMeYeHO MOCTEIIEHHOE He3HAYUTEeJIb-
HOE yBeJIMYeHUE B IJ1a3Me KPOBU KOJIMYECTBA BHEKJIETOY-
ot IHK B Teuenue nepsoii wemenu Habmomenus [1,71
(1,23; 1,92) Mkr/mi, Ha 7-e CyTKH TI0CJI€ TPaBMBbI|, 4TO
00y CJIOBJIEHO, BEPOSITHEE BCErO, HAPACTAHMEM IPOIECCOB
JIMKBU/IAIMY TIOCJIEACTBUI TPABMBI C YaJI€HIEM MPOYK-
TOB KJIETOYHOTO PACIa/ia B OBPEKIAECHHBIX TKAHSX.

B reuenue BTOpOil Hemeaw HaOMIOAEHUS OTMEYEHO
[OCTENeHHOe CHIYKEHUE TAHHOTO TTI0Ka3aTelis /10 TIepBOHa-
qanbHbIx 3Havenuii [1,56 (1,20; 1,73) mxr/mi] k 15 cytkam
HaOJIO/IEHUsT, YTO, BEPOSITHEE BCETO, CBSI3aHO C SJIMMUHA-
ueil upKympyoiei B kposu csoboatoil THK, u Hapa-
CTaHUEM IIPOIECCOB pPeraparuy KJIeTOK ITOBPEKICHHBIX
TKaHell B MeCcTe TPaBMbI.

¥ nocrpanasiiux ¢ TCT k 15-M cyTkam mocJie Tpas-
MbI KOHIleHTpanus BHeksaerouHoil JITHK B nurasme kposu
nocrurana Hopmasbhbix 3nadennii [0,9 (0,8; 1,4) mxr/mu,
(n=T)].

Konnenrpanus sueknerounoii JIHK B mirasme y 1o-
crpagaBimiux ¢ YMT ocraBanach MOBBINIEHHON Ha BCeM
nporsukeruu Habmogenus [1-e 1,56 (1,25; 1,95) (n=43);
3-u 1,74 (1,44; 1,93) (n=33); 5-e 1,70 (1,06; 1,88) (n=25);
7-e1,73 (1,46; 2,16) (n=20); 15-e 1,56 (1,47; 1,71) mxr/ma
(n=10)], uTO cKOpee BCero CBSI3aHO € 3AKPHITHIM JIOKAJIb-
HBIM XapaKTepPOM TPaBMbI 1 HoJiee MeJIeHHbIM (110 CpaB-
Henuio ¢ TCT) ynanenueM 1npogyKToB KI€TOYHOTO paciia-
Jla U3 TPAaBMUPOBAHHBIX TKAHEH.

Conep:xanne BHekaerouHoit JJHK B mra3me kposu
MOCTPAJIABIINX B IIEPBbIE CYTKU 110OCJIE TPABMBI HE 3aBHCE-
JIO OT HAJIMYUS WM OTCYTCTBUS IPU3HAKOB I'MIIOKCUU [TH-
nokeust «+» — 1,50 (1,24; 1,83) MKT/MJI; TUITOKCHE «-» —
1,36 (1,22; 2,03) mkr/mi], Buga tpambl [TCT — 1,50

due to the elimination of circulating levels of free DNA and
the intensification processes of cell repair of damaged tis-
sue in the site of trauma.

In patients with SCT the extracellular DNA concen-
tration reached normal values at day 15 [0.9 (0.8, 1.4)
pg/ml, (n=7)].

The concentration of extracellular DNA in plasma in
patients with TBI remained elevated during all period of
the observation [day 1: 1,56 (1,25; 1,95) (n=43); day 3:
1,74 (1,44; 1,93) (n=33); day 5: 1,70 (1,06; 1,88) (n=25);
day 7: 1,73 (1,46; 2,16) (n=20); day 15: 1.56 (1.47, 1.71)
pg/ml (n=10 Presumably, the continuous increase of
extracellular DNA in circulation was due to closed nature
of the local injury and slower (in comparison to SCT)
removing of cellular products from damaged tissues.

Extracellular DNA concentration in plasma on first
days after trauma did not depend on the presence or
absence of hypoxia [hypoxia «+» — 1.50 (1.24, 1.83)
pg/ml; hypoxia «-» — 1.36 (1.22, 2.03) pg/ml], type of
trauma [SCT — 1.50 (1.20, 1.70), TBI — 1.56 (1.25; 1.95),
SCT + TBI — 1.51 (1.22, 2.10) pg/ml], development of
infectious complications [infection «+» — 1.49 (1.23, 1.90)
pg/ml ; infection «-» — 1.58 (1.21, 2.00) ug/ml] and out-
come [survivors — 1.51 (1.25, 1.8), 8 ug/ml; dead — 1.48
(1.09, 2.02) pg/ml].

Necrotic DNA comets

There was no necrotic DNA comets in blood from
healthy donors. Level of necrotic DNA comet was 3.7 (1.5,
8.8)% on day 1 post-trauma (Figure 1a). The appearance of
necrotic DNA comet in circulation was associated, proba-
bly, with increased death of leukocytes by necrotic mecha-
nism, because of active participation in the processes of
phagocytosis in the area of damaged tissue [30].

Number of necrotic DNA comets on the first day
after the trauma did not depend on a type of trauma [SCT
— 4.65 (1.53, 5.70)%; TBI — 3.70 (1.15, 10.25)%;
SCT+TBI — 3.60 (2.20, 9.80)%], amount of blood loss [I
DBL — 2.85 (1.10, 9.05)%; 1T DBL — 4.85 (1.75, 9.75)%;
IIT DBL — 3.55 (2.15, 7.80)%; IV DBL — 4.60 (1.60,
5.80)%], presence or absence of hypoxia signs on day 1
post-trauma [hypoxia «+» — 3.40 (2.30, 5.80)%; hypoxia
«» — 4.55 (2.33, 5.83)%], development of infectious com-
plications [infection «+» — 3.75 (2.15, 7.80)%; infection «-
» — 3.60 (0.50, 11.80)%] and outcome [survivors — 3.70
(2.30, 7.80)%; deceased patients — 3.60 (1.20, 10.40)%].

On day 3 and day 5 after the trauma more intensive
necrotic death of white blood cells in hypoxia «+» group
occurred [8,70 (5,10; 13,70)%, n=17 and 8,80 (6,18;
13,45)%, n=16, day 3 and day 5, respectively], was noticed
in comparison with the group without hypoxia [7.40 (6.80,
10.25) %, n=6 and 7,20 (4,50; 7,30)%,n=5, day 3 and day 5,
respectively], On day 7 after the trauma a decrease in the
number of necrotic DNA comet [5.70 (2.55, 11.25)%] in
the hypoxia «+» group and a slight increase [7.70 (4.60,
8.00)%] — in the hypoxia «-» group were observed.

Numbers of necrotic DNA comets decreased strating
from day 5 [7.70 (3.53, 12.18)%] until day 15 [5.80 (2.10,
8.60)%] likely due to their elimination from the general
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(1,20; 1,70), UMT — 1,56 (1,25; 1,95), TCT+UMT — 1,51
(1,22; 2,10) Mxr/mi|, pa3BuTust HHGEKINOHHBIX OCIOKHE-
Huil [mHDeknma «+» — 1,49 (1,23; 1,90) mkr/mir; nHbek-
nu «-» — 1,58 (1,21; 2,00) MKr/MJ1] 1 ucxofia [ BBLKUBIITIIE
— 1,51 (1,25; 1,8) 8 mxr/mur; ymeprie — 1,48 (1,09; 2,02)
MKT/MJI| TPABMBIL.

Hexpornueckue JTHK-koMeTsl. Y 3710pOBBIX JJOHO-
POB B KpOoBU He BbIsiBJsgtoTcsl HekpoTrueckue /IHK-kome-
TbI. B 11epBble cyTKH 10CsIe TPaBMbl Y BCEH TPYIIIBI TOCTPa-
naux yposeHb Hekporuueckux [IHK-komer Gembix
KareTok KpoBu coctasua 3,7 (1,5; 8,8)% (puc. 1, a). Toss-
senne Hekporudecknx /IHK-komer compsikeno, ckopee
BCETO, € MOBBIIIEHHO THOENBIO JEHKOIUTOB 110 HEKPOTH-
YeCKOMY MEXaHM3MYy B Pe3yJbTaTe akKTUBHOTO UX YYaCTHs
B Iporieccax (GaronnTos3a B 30He TPAaBMUPOBAHHBIX TKaHEH
[30]. KommmuectBo Hekpornueckux JJHK-komer B miepsbie
CYTKH TI0CJIe TPaBMBbI He 3aBucesio oT Buaa TpaBmbl [TCT
— 4,65 (1,53; 5,70)%; UMT — 3,70 (1,15; 10,25)%;
TCT+UYMT — 3,60 (2,20; 9,80)%], o6bema norepu KpoBu

Puc. 1. YpoBenb Hekpornueckux [JTHK-komer y mocrpagaBumx
B 001I1eili rpymme, B rpynnax runoKcust <+» U runokcust <-» (a);
B IPYIIIE NOCTPAIABIIMX THIIOKCHS «+»> U MHEKIUs «+>, TUIO-
Keust <+» 1 uHGEKIust <-», THIOKCHH <-» 1 uHbekuust <+» (b);
ROC-kpuBasi OIeHKH NPOTHOCTUYECKOH I[€HHOCTH Pa3BUTHS
UHQEKIMOHHBIX OCIOKHEHUI M0 COIEP/KAHNIO HEKPOTHYECKUX
JTHK xomeTt Ha 3-H CyTKH IOCJIe TPAaBMbI B TPyIIe MOCTPA/IaB-
HIUX TUTMOKCUs <+> (c).

Fig. 1. Level necrotic DNA comets in patients in general group, in
hypoxia «+» and hypoxia «-» groups (a); hypoxia «+» and infec-
tion «+», hypoxia «+» and infection «-», hypoxia «-» and infec-
tion «+» groups (b); ROC-curve assessment of the prognostic
value of infectious complications on level of necrotic DNA comets
at the third day after the trauma in hypoxia «+» group (c).

Note, here and fig. 2, 4 (Ilpumeuanus, 31€ch U Ha pUc. 2, 4):
Necrotic DNA comets — nekporuyeckue [[HK-komersr; Stages of
observation, days — aramsr nccaenosamnus, cytkn; General group
— o6ugag rpynmna; Hypoxia «+» — runokenst «+»; Hypoxia «-» —
runokcus «-»; Infection «+» — undekims «+»; Infection «-» —
unbeknus «-»; 3d day of observation — 3-u cyrkn nabmogenus;
Sensitivity — uyBcTBUTEIBHOCTD; Specificity — crenuduaHoCTb.
The number of patients in groups during period of observation
(Yucsio moCTpaLABIINX B TPYIIIAX HA HTANAX UCCIETOBAHIS):
General group (o6mas rpymnma): 1st day (1-e cytru) — n=87; 3d
day (3-u cytkn) — n=73; 5th day (5-e cyrkun) — n=58; 7th day (7-e
cytin) — n=49; 15th day (15-e cytxu) — n=29.

Hypoxia «+» (rpynma rumokcusi <+»): 1st day (1-e cytkn) —
n=17; 3d day (3-u cyrkn) — n=17; 5th day (5-e cyrkn) — n=16;
7th day (7-e cyrku) — n=15; 15th day (15-e cyrkn) — n=8.
Hypoxia «-» (rpymmna runokcus «-»): 1st day (1-e cyrku) — n=8;
3d day (3-u cytkn) — n=6; 5th day (5-e cyrku) — n=5; 7th day (7-e
cytin) — n=>5; 15th day (15-e cyTkn) — n=2.

Hypoxia «+» and infection «-» (rpynma rutnokcust «+» u urpex-
s «-»): 1st day (1-e cyrku) — n=>5; 3d day (3-u cyTku) — n=4;
5th day (5-e cyrkn) — n=4; 7th day (7-e cyrkn)- n=3; 15th day
(15-e cyrtkn) — n=1.

Hypoxia «+» and infection «+» (rpyImna runokcus «+» 1 uHhex-
st «+»): st day (1-e cyrkn) — n=13; 3d day (3-u cyrku) —
n=13; 5th day (5-e cytku) — n=12; 7th day (7-e cytkn) — n=12;
15th day (15-e cytkn) — n=7.

Hypoxia «-» and infection «+» (rpynmna runokcust «-» u nHpek-
st «-»): 1st day (1-e cytkn) — n=8; 3d day (3-u cyrku) — n=6;
5th day (5-e cytku) — n=>5; 7th day (7-e cyrkn) — n=>5; 15th day
(15-e cytkmn) — n=2.

bloodstream and the intensification of reparative processes
in the area of trauma [30—32].

Decrease of the necrotic DNA comets by the end of
the second week of observation occured mainly in the
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Tpasma. Kposonoreps .

[KII T CT — 2,85 (1,10; 9,05)%; KII IT CT — 4,85 (1,75;
9,75)%; KITTII CT — 3,55 (2,15; 7,80)%; KII IV CT — 4,60
(1,60; 5,80)%], nanuuust UM OTCYTCTBUS TMPU3HAKOB THU-
nokcuu B 1-i sieHb mocse TpaBmbl [runokcust «+» — 3,40
(2,305 5,80)%; runiokcun «-» — 4,55 (2,33; 5,83)%], passu-
Tus HHOEKIMOHHBIX OCTOKHeHuN [uHbexims «+» — 3,75
(2,15; 7,80)%; undexrms «-» — 3,60 (0,50; 11,80)%] u uc-
xoza [BeukuBine — 3,70 (2,30; 7,80)%; ymepiine — 3,60
(1,20; 10,40)%] TpaBMBL

YBesnmuenne kosmdectBa Hekporuyeckux JIHK-ko-
MeT GeJsibix KieTok Kposu Ha 3-u [6,70 (2,70; 12,10)%] u 5-¢
cytku [7,70 (3,53; 12,18)%] orHOCuTENHbHO TEPBHIX [3,7
(1,5; 8,8)%], no-BupmmMomy, CBSI3aHO ¢ ycuienueM Garoru-
TApHOI aKTUBHOCTHU JIEHKOIIUTOB, HAITPABJICHHON Ha yjiaie-
HUe TPOAYKTOB KJETOYHOTO pachaga B MOBPEKIEHHBIX
TpaBMoii TKaHsx. OTMeueHo, 9TO Ha 3-1 U 5-€ CYTKU T0oCe
TpaBMbI 60JIee UHTEHCUBHO ITPOUCXOAUT THOEb OEIbIX Kile-
TOK KPOBHU TI0 HEKPOTHYECKOMY MEXAHU3MY Y MOCTPA/IaB-
IMIUX W3 TPYIIBI THIOKCHUs «+» [8,70 (5,10; 13,70)% (n=17)
na 3-u u 8,80 (6,18; 13,45)% (n=16) Ha 5-e cyTku], 10 cpas-
HeHUIO ¢ rpyInoi 6e3 runokcuu [7,40 (6,80; 10,25)% (1n=6)
na 3-uu 7,20 (4,50; 7,30)% (n=5) na 5-e cytku]. Ha 7-e cy1-
KU TI0CJI€ TPABMbI OTMEYEHO YMEHbIEHNE KOJIMIeCTBa He-
kporudeckux JJHK-xomer [5,70 (2,55; 11,25)%] B rpy1ie
MOCTPAABIITNX THITOKCHUST <+, 1 HE3HAYUTETHHOE YBeTnye-
uue [7,70 (4,60; 8,00)%] — B rpyIire TUIIOKCUH «->.

Kosnuecrso nexporuueckux J[HK-xomer Gesbix
KJIETOK KPOBH cHu:Kaercst ¢ 5-x [7,70 (3,53; 12,18)%] 1o
15-e [5,80 (2,10; 8,60)%] cyrku HabitOAeHYs], BEPOSITHEE
BCETO0, 32 CUET BJIMMUHALIUY UX U3 OOIIEro KPOBOTOKA U Ha-
pactaHusi pernapaTUBHBIX MPOIECCOB B 30He TpaBMbl [30-
32]. Ymenbuienue koamyectBa Hekporunueckux JIHK-ko-
MeT K KOHILy BTOPOW Hejesu HAOJIONEHUs IIPOUCXOAUT
[PEUMYIECTBEHHO B IPyIilie BUKUBIIUX (7=23) GOJIbHbIX
[5,30 (1,85; 7,85)%], a B rpyTire ymepinux (n=6) comepa-
Hue Hekporudecknx JJHK-komer B aTOT 1epmuos ocrasa-
JIOCH TIOBBITIEHHBIM U cocTaBmio — 8,90 (4,25; 11,23)%.
M3-3a MaJOl YUCJAEHHOCTH BBIOOPKU Pa3IYMsA MEKILY
IPYIIIIAMU He JOCTOBEPHHBI.

JlocToBepHble M3MEHEHUST KOJUYECTBA HEKPOTHYEC-
kux /JIHK-komer B auHaMuKe CBU/IETEIbCTBYIOT, BEPOSIT-
Hee Bcero, 00 aKTUBHBIX poleccax GaronuTosa B nepByro
Hejle0 HAOJIOEH ST U HAPACTAHUEM PelapaTUBHBIX IPO-
[[ECCOB B 30HE TPABMbI — BO BTOPYIO HE/IENI0 HAGJIOAEHUSI.

Kosmuectso Hekpornyecknx [[HK-komer k 15 gHIO
HabJo/ieHust ObLIO B 3 pasa BbIILE B IPYIIIE MOCTPAIABIIIX
unpeknus «+» [6,50 (2,70; 9,10)%, n=24], no cpaBHEHUIO
¢ 6osbHBIMI €3 MH(PEeKIMOHHBIX ocaokuenui [2,30 (1,60;
5,80)%, n=>5], 4To0, BeposiTHEE BCETO, OOYCIOBIEHO BHICO-
KOl THGENbIO GesbIX KJAETOK KPOBH MO HEKPOTUYECKOMY
MEeXaHU3MYy, CBSI3aHHOMY C UX yYaCTHEM B Pa3pelienun nH-
(bex1oHHBIX OCTOKHEHUT.

Ha pucynke 1 b npencrabiensl ganibie 00 ypoBHE
nekpornueckux /|HK-komer B rpyriie rurokcust «+» B 3a-
BUCHMOCTH OT DPa3BUTHUS WHQMEKITMOHHBIX OCTOKHEHUI.
Copepxanue nekporuudeckux /IHK-xomer B moxrpyrie
MOCTPAJABIINX TUIOKCHUS «+», HO HeT MHMEKINOHHBIX OC-
snoxuenuii (n=>5) Ha 3-ii, 5-it u 7-it geHp HabMIONEHUS KO-

group of survivors (n=23) [5.30 (1.85, 7.85)%]. In a group
with deceased patients (n=6) the number of necrotic DNA
comets remained higher during the same period [ 8.90
(4.25, 11.23)%]. Differences between groups were not sig-
nificant probably because of a small sample. Significant
changes in the number of necrotic DNA comets might like-
ly demonstrate the active processes of phagocytosis on the
first week of observation and the intensification of repara-
tive processes in the site of trauma later.

Numbers of necrotic DNA comet on day 15 post-
trauma was three times higher in a group of patients with
infection «+» (infection «+») [6,50 (2,70; 9,10)%, n=24],
in comparison to patients without infectious complications
[2,30 (1,60; 5,80)%, n=5], that was likely due to the high-
er death of white blood cells by necrotic mechanisms asso-
ciated with their participation in resolution of infection.

Figure 1b shows the level of necrotic DNA comets in
hypoxia «+» group depending on development of infec-
tious complications. The level of necrotic DNA comets in
the hypoxia «+» subgroup, but without infectious compli-
cations (n=>5) on days 3, 5 and 7post-trauma was much
higher than in hypoxia «+ « subgroup with infectious com-
plications (Fig. 10).

ROC analysis demonstrates that at a cut-off 9.8%,
the sensitivity of the assay for the infection determining
was 69.2% and specificity 75.0%. This value might be rec-
ommended as a threshold for the patients on day 3 after the
trauma, whereas lower values increase the risk of infection
increases dramatically. These data suggest that high [13.9
(10.9, 16.55)%] values of necrotic DNA comet on day 3
post-trauma might serve as a good prognostic parameter
suggesting a small chance of infectious complications
development despite the presence of hypoxia in patients
immediately after the trauma [33]. Apparently, the active
destruction of leukocytes that involved in the resolution of
infection might prevent further development of infection.

Maximum values of necrotic DNA comet depended
on a stage of observation and type of trauma. In patients
with TBI the maximum level of necrotic DNA comet was
observed on days 3 and 7 [7.10 (3.20, 11.20)% and 7.70
(4.50, 11.20)%]; in patients with SCT it reached maximum
on day 5[9.30 (5.03, 12.95)%]; in patients with a combina-
tion of TBI and SCT it was noticed on day 7 [ 9.80 (3.80,
11.35)%]. Lower peak of necrotic DNA comets in patients
with TBI versus SCT or TBI+SCT patients might be
explained, apparently, by a smaller volume of damaged tis-
sue and isolated TBIL.

Apoptotic DNA comet

Starting from the first days after trauma the number
of apoptotic DNA comets was significant with an almost
threefold increase in plasma [3.40 (0.88, 7.78)%] compared
to the control group [1.0 (0.5, 1.1)%, p<0.05] (Fig. 2a).

Number of apoptotic DNA comets on day 1 after the
trauma did not differ significantly in groups with and
without infectious complications [infection «+» — 3.40
(0.90, 7.70)%; infection «-» — 2.90 (0.85, 8.70)%] (Fig. 2b)
and did not depend on the outcome [the survivors — 3.15
(0.90, 7.70)%; deceased patients — 3.40 (0.80, 7.86)%]. In
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smdecTBo Hekpotnueckux /IHK-komeT 3HaunTesIbHO BbI-
1Ife, 4e€M B MOATPYIIIE TUIIOKCHS «+» U ¢ Pa3BUBIIIMUCS
uHGEKINOHHBIMY OCJOKHeHusiMuU (puc. 1, b).

C nomorpio nocrpoernsi ROC-kpuBbIX TpoBeneH
AHAJIN3 TIPOTHOCTHYECKOH TIEHHOCTU Pa3BUTH WHODEKITH-
OHHBIX OCJIOKHEHUHN TP MOBBLIMIEHHOM KOJTUYECTBE He-
kporuueckux THK-komer Ha 3-if, 5-it u 7-if jeHb moce
TPaBMBI B TPYIIIE TTOCTPAMABIINX THITOKCHS «+». 3Haue-
uue momaau mox ROC kpuBoii, mocTpoeHHou s 3-ro
nHd Habmoaerus, coctasuio 0,760 (puc. 1, ¢). Onrumans-
HOW BETMYMHON [JIsT OIEHKN BEPOSITHOCTH MPABUIHLHOTO
pacIo3HaBAHUS MOJOKUTETbHBIX W OTPUIATETLHBIX TIPH-
MepoB B ROC-anasnuse gBisiercst Touka (II0por) oTceve-
Hust kKpuBoii (cut-off point), narouias B cymme MakCcuMasib-
HbIe BEJUYUHBI YYBCTBUTEIBHOCTH U crieniuduanoctu. B
HalleM HaOJIIOIEHUM TOuKa oTcedyeHus1 coctaBuia 9,8%,
MPU 3TOM YyBCTBUTEJNHHOCTH coctaBmia 69,2%, a crern-
dbuanocts — 75,0%. [lannyio BeIMYNHY MOKHO PEKOMEH-
JIOBATh KaK MOPOTOBYIO JIJIs TOCTPAIABIINX HA 3-U CYTKU C
MOMEHTA TPABMbI, HUJKE KOTOPOI PUCK Pa3BUTUST HHDEK-
IIUOHHBIX OCJOXHEHUI PE3KO yBEJUUUBAETCS. ITH JIAH-
Hble CBUJIETEIBCTBYIOT O TOM, 4TO Bbicokue [13,9 (10,9;
16,55)%] suauenus nexporudeckux IHK-komer na 3-u
CYTKU TIOCJI€ TPABMbBI MOTYT CJIYKUTb XOPOIIUM TTPOTHOC-
TUYECKUM TIPU3HAKOM, TIO3BOJISTIONINM MTPEMOI0KUTD Ma-
JIYIO CTeTleHb BEPOSITHOCTH PA3BUTHST HHPEKITMOHHBIX OC-
JIO)KHEHUN, HeCMOTps Ha HaJIUYue THUIIOKCHH Y
mocTpajaBiIux cpasy mocse TpasMbl [33]. [lo-Bunumomy,
aKTUBHAs THOEJb JIEHKOLUTOB, YUACTBYIONIUX B paspelie-
HUU UHGOEKITNOHHBIX OCJIOKHEHUT, U OTpeeisieT mpeiy-
[PEKIEHNEe X Pa3BUTUSL y 3TUX OOJbHBIX. MakcuMaiib-
uble 3uavenusi nekporndeckux JIHK-komer ma aramax
HAOJIIOEHUS OTJIMYAIMCH IPU PA3JIUYHBIX BUIAX TPABMBL:
npu UYMT MakcumajbHbIE yPOBEHb HEKPOTUYECKUX
JTHK-xoMeT mpuxoaunsics Ha 3-u u 7-e CyTKU HabJI0IeHILst
U coCTaBuJI, cooTBeTcTBeHHO, 7,10 (3,20; 11,20)% u 7,70
(4,50; 11,20)%; npu TCT — Ha 5-e cytku u coctapui 9,30
(5,03; 12,95)%; nipu TCT+UMT — Ha 7-e cyTKH U cocTa-
Bua 9,80 (3,80; 11,35)%. B octose Gosiee HU3KHUX MUKO-
BbIX 3HaYeHuii Hekporuueckux JHK-komer npu UMT 1o
cpaBuenuio ¢ TCT u TCT+UMT nexar, 1mo-BuguMomy,
MEHbUIMN 00beM MOBPEKACHHBIX TKaHEH M U30JIUPOBAH-
ublit xapaktep YMT.

Anonrornueckue JITHK-komersl. B niepsbie cyTkn
IOCJTe TPABMBI ¥ TOCTPAIABIINX C TPABMOI OTMEUAETCS JI0-
CTOBEPHOE MOYTU TPEXKPATHOE YBEJIMUEHUE B IJIa3Me KPO-
BU Kosmdectsa arnontorndeckux JHK-komer [3,40 (0,88;
7,78)%] 10 cpaBHeHUIo ¢ KOHTPOJbHOI rpymmoit [1,0 (0,5;
1,1)%, p<0,05] (puc. 2, a).

KonunuectBo anonrornueckux JJHK-komeT B iepBbie
CYTKH MOCJIe TPABMbI He OTJINYAIOCh JOCTOBEPHO B TPYII-
nax ¢ u 6e3 pa3BUTHsA UHPEKIIMOHHBIX OCAOKHEHWUI [1H-
dexius «+» — 3,40 (0,90; 7,70)%; undexnun «-» — 2,90
(0,85; 8,70)%] (puc. 2, 6) u He 3aBUCEJNO OT UCXO/A [BbI-
sxusime — 3,15 (0,90; 7,70)%; ymepimme — 3,40 (0,80;
7,86)%] TpaBMBbI. Y TIOCTPAIABIINX C TPABMOW ITPU MOCTYTI-
JIEHUU B PEAHMMATOJIOTUYECKOEe OTAeeHNe KOJUYECTBO
anontornuecknx JHK-komer: nmpu UMT 6bio BbIIIE

patients with trauma on admission to intensive care unit
the number of apoptotic DNA comets varied: in patients
with TBI it was higher [5.40 (0.80, 11.28)%] than in those
with SCT [4.05 (2.31,10.11 )%] or SCT + TBI [2.70 (1.03,
4.10)%]. On day 1 after the trauma the relatively higher
numbers of apoptotic DNA comets were revealed in
patients with relatively smaller amount of damaged tissues
and in isolated trauma whereas the lower numbers of apop-
totic DNA comets were defined in patients with a larger
amount of damaged tissues/ However, this trend might be
resulted from differences in the amount of blood loss and
the severity of hypoxia.

On first days after trauma the association of higher
degree of blood loss and lower number of apoptotic DNA
comets was noticed [I+II DBL — 4.9 (0.8, 11.2)%; I+II
DBL — 2.7 (1.5, 5.6)%].

Since the amount of blood determines the severity of
hypoxia on day 1 after the trauma, differences in the num-
ber of apoptotic DNA comets in patients might reflect
degree of hypoxia (Fig. 2).

In a group hypoxia «+» the number of apoptotic
DNA comets [2.30 (0.80, 3.80)%] was significantly lower
than in hypoxia «-» group [10.80 (2.75, 12, 03)%, p<0,05].

The increase in the number of apoptotic DNA
comets on day 3 [4.60 (2.20, 7.90)%] after trauma was
revealed inin a group of all patients presumably due to
intensive removing of cellular products by leukocytes in
the area of trauma. The increase in apoptotic DNA comet
numbers on day 7 [5.60 (2.57, 9.00)%] most likelywas due
to the development of infection (purulent bronchitis,
pneumonia).

Simultaneous decrease in the number of leukocytes
[9,2 (7,7; 12,4) X10°] and increase the number of necrotic
[6,70 (2,70; 12,10) n=73] and apoptotic [4 , 60 (2,20; 7,90)
n=73] comets on day 3 might indirectly indicate the tran-
sition of leukocytes into the damaged tissues and their
active participation in the processes of phagocytosis fol-
lowed by necrotic or apoptotic cell death.

On day 15 after trauma the increase in numbers of
apoptotic DNA comets was revealed, presumably because
removingt cellular products by white blood cells from the
frontier area with damaged tissue.

Numbers of apoptotic DNA comets day 7 after the
trauma in the group with infectious complications were
5.86 (2.70, 9.00)%, which were higher than those in the
group without infection [3.45 (1.68,8.09)%] (Fig. 2 b) and
significantly differed from the control group.

On days 3 and 5 after the trauma in patients without
infectious complications the level of apoptotic DNA
comets was significantly higher, than in patients with
infectious complications on day 3 [infection «+» — 4.36
(2.10, 7.80)%; infection «-» — 6,40 (2,90; 11,50)%),
p<0,05] and day 5 [infection «+» — 4.00 (1.70, 7.80)%;
Infection «-» — 5,60 (2,80; 10,90)%, p<0,05] post-trauma.
Significant increase in apoptotic DNA comets in the infec-
tion «-» group days 3 and 5 indirectly demonstrates active
participation of white blood cells in the removal of cellular
products in the area of trauma at these days that may lead
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[5,40 (0,80; 11,28)%], uem ipu TCT [4,05 (2,31; 10,11)%]
u couetannu TCT+UMT [2,70 (1,03; 4,10)%]. B mepsbrit
JIEHD [IOCJIE TPABMBI IIPOCIIEKUBAETCSI OTHOCUTEILHO GOJIb-
nree KosimvecTBo anonrorndeckux [JHK-komer npu Mmasom
U U30JIMPOBAHHOM 00'beMe TPABMbI U UX MEHbBIIIEE KOJIMYe-
CTBO Npu GOJBIIOM 0ObEMe TPABMUPOBAHHBIX TKAHEH, 4TO
MOKET OBITh CBSI3aHO C OOBEMOM MOTEPU KPOBM U BbIpa-
SKEHHOCTDBIO TUTTOKCHU.

B niepBbie cyTKM 1OCTIe TPABMbBI OTMEUEHA TaKast 3a-
KOHOMEPHOCTD: YeM BBIIIE CTENeHb KPOBOIOTEPH, TEM HII-
ke cozmepkanne anontorudeckux JHK-xomer [KIT I—II
CT — 4,9 (0,8; 11,2)%; KIT ITI-1V CT — 2,7 (1,5; 5,6)%|.

O06beM KPOBOTIOTEPU OIPEIEISIET CTENIEHb THIIOKCHH,
91O B 1-€ CyTKU TI0CTIe TPABMBI TIPOSIBUIOCH PA3IUYUSME B
cozepxkannu anonrornyeckux JJHK-komer y nocrpasas-
MUX ¢ U 6e3 TUIOKCUU: B IPYIIIE TIOCTPAAABIINX THIIOKCUST
«+» cozepkanue anonrornyeckux JJHK-komer [2,30 (0,80;
3,80)%] ObLIO OCTOBEPHO HIKE, YeM B IpyIiiie OOIbHBIX
runokenn «-» [10,80 (2,75; 12,03)%, p<0,05].

B nmunamuke oTMedyaeTcsi yBelMUeHUE KOJIUYECTBA
anontorudyeckux /IHK-xomer na 3-u cyrku [4,60 (2,20;
7,90)% | 1mmocie TpaBMBI BO BCedt TPYIITIE TIOCTPAIABIITIX, UTO,
[O-BUIMMOMY, CBSI3aHO € HAPACTAHUEM ITPOTIECCOB, HATIPAB-
JIEHHBIX HA yYacTHe JIEHKOIUTOB B yIAJeHUN TIPOLYKTOB
KJIETOYHOTO PACIajia B 30He TPABMBI; a TAKXKe yYBeTIeHIe
ux KoJmdectsa Ha 7-e [5,60 (2,57; 9,00)%] cyrku — 06yc-
JIOBJIEHHOE, BEPOsITHEE BCETO, PA3BUTHEM UH(MEKITMOHHBIX
OCJIOKHEH M (THOUHBII TPaXeOOPOHXUT, ITHEBMOHUS ).

OrMeuyeHHOe Ha 3-11 JIeHb O/IHOBPEMEHHOE CHIJKEHHE
kosmaectBa JefikonuToB [9,2 (7,7; 12,4)X10°] u yBeue-
HUe KoJryecTBa Hekpotudeckux [6,70 (2,70; 12,10) n=73]
n anontoruyeckux [4,60 (2,20; 7,90) n=73] IHK-xomer

Puc. 2. Yposens anontoruueckux JJTHK-komer B 06mieii rpynne
[OCTPAJIaBIIMX U B TPYIIE OCTPA/IABIINX THIIOKCUS <+», TUIO-
KCHH <-» (@), B IpyIIe NOCTPA/IaBIINX THIIOKCHS <+»> ¥ MH(eK-
Ust «<+», THOOKCHS <+» ¥ UH(MEKIUU <>, THIIOKCUH <-> U HH-
dexnus «+» (b), B 3aBUCHMOCTH OT pa3BUTHS HH(EKIMOHHBIX
oco:kHeHu# (c¢).

Fig. 2. The level of apoptotic DNA comets in the total group of
patients, the hypoxia «+» and hypoxia «-» groups (a), hypox-
ia «+» and infection «+», hypoxia «+» and infection «-»,
hypoxia «-» and infection «+» groups (b), with and without
infectious complications (c).

Note (Ilpumeyanus):

Apoptotic DNA comets, % — anonroruyeckue J[HK-komersr, %.
BL ml/kg (blood loss) — KII mii/kr (kpoBomnoTepst).

Stages of observation, days — aramnbl uccienoBanus, CyTKu.
Control group — KOHTpOJIbHAS TPYTIIIA.

* — p<0,05 — jocTOBEpHbBIE PA3JINYNST MEXK/Y TPYIIION TTOCTpa-
JaBIINX U KOHTPOJIBHOM Tpyoit (significant differences between
the patient and the control groups)

# — p<0,05 — mocTOBepHbIE PA3IMYIsI MEKLY IPYIIION mocTpa-
MaBUIMX WHQEKINA «+» U IPYIIION MocTpagaBmnx 6e3 NHpEeKIn-
oHHBIX ocs10kHenui (significant differences between the infection
«+» and without infectious complications groups)

## — p<0,05 — mocTOBepHBIe PA3IMYNST MEK/LY TPYIIIOL oCcTpa-
NIaBIINX THIOKCUS «+» U rumokcusi «-» (significant differences
between the hypoxia «+» and hypoxia «-» groups).

to prevention of infectious complications in this group of
patients.

Changes in the level of apoptotic DNA comets in
hypoxia «+» and hypoxia «-» groups possesed a diverse
character (Fig. 2 ¢): in patients with hypoxia in the first
two weeks after trauma there was a gradual increase in the
number of apoptotic DNA comets, while in hypoxia «-»
group a decrease of apoptotic DNA comets strating from
day 3 was observed.

Significant differences were obtained in apoptotic
DNA comets between groups of patients with and without
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GeJIbIX KJIETOK KPOBHM KOCBEHHBIM 0OPA3OM CBUIETENILCT-
BYET O Mepexojie JIeHKOIMTOB B TPABMUPOBAHHBIE TKAHW U
WX aKTUBHOE yJIaCTHe B TIpoIteccax Garormrosa ¢ mociemy-
101I[ell UX rUGEJIbIo 10 HEKPOTHYECKOMY U allONTOTHYECKO-
MY MeXaHH3MaM.

Ha 15-e [7,23 (2,87; 9,30)%] cyTku mocie TpaBMbl
MIPOUCXOIUT JIaTbHelilee yBeJnueHre KOJMIeCTBA aTol-
tornueckux JIHK-komer, 4To MoxkeT ObITh 00YCIOBIEHO
yuactueM GeJbIX KJIETOK KPOBU B yIaJ€HUU KJIETOUHOTO
pacrma/ia 13 IPUTPaHUYHLIX C 30HOH TpaBMBI TKaHeil.

KomnuectBo anontornueckux JHK-komer Ha 7-e
CYTKHU TIOCJIe TPABMBI B IPYIIe MOCTPAAABIINX ¢ HHbEK-
MMOHHBIMKU  OCJOKHEHUsIMU coctaBuio 5,86 (2,70;
9,00)%, uto BbIIIE, YeM B rpyiiie 6e3 uHGEKIMOHHBIX OC-
aoskuennit [3,45 (1,68; 8,09)%] (puc. 2, b) n focroBepHo
OTJIMYAETCST OT TPYTIIBI KOHTPOJIsL. [Ipu 9TOM HA TPeThU U
[SATBIE CYTKU TI0CJIe TPaBMbl OTMeUYeHa 00paTHas 3aBUCHU-
MOCTb. Y HOCTpafiaBiinx 6e3 WHPEKIUOHHBIX OCIOKHE-
Huii ypoBenb anonrorudeckux /JHK-komer nocrosepHo
BBIIIIE, YeM Y TIOCTPAABINUX ¢ HHMEKITHOHHBIMU OCIOXK-
HeHusIMU Ha 3-u [uHbekusa «+» — 4,36 (2,10; 7,80)%;
undexmmn «-» — 6,40 (2,90; 11,50)%), p<0,05] u 5-e [un-
dexmus «+» — 4,00 (1,70; 7,80)%; nndeximum «-» — 5,60
(2,80; 10,90)%, p<0,05] cyTku. [locTOBEpHOE yBETMUEHUE
anonrrorndeckux JJHK-komer B rpyrie nocrpagaBummx
UHGEKIMK «-» HA 3-U U 5-€ CYTKU KOCBEHHBIM 00pazoM
CBUIETEJLCTBYET 00 aKTUBHOM YYacTUU OEJbIX KJETOK
KPOBH B 9TOT MEPUOJT B YAAJIECHUN TTPOIYKTOB KI€TOYHOTO
pacrazia B 30He TPABMBI, YTO, BO3MOXKHO, U TPUBOIUT K
TPeIyIPERIEHUIO PA3BUTHS UHGMEKIINOHHBIX OCIOKHE-
HMH B 3TOI1 rpyIile NOCTPAJaBIINX.

Junamuka ypoBus anonrtorundeckux /[JHK-komer
B TPYIIITE TUTIOKCUS «+» U THIIOKCUH «-» MEET Pa3HOHA-
npaBJieHHbIil Xapakrep (puc. 2, b): y mocTpajgaBuinx ¢
IUIOKCHEN B IEepBble JBe Heleau HabJI0JeHNs 110cie
TPaBMBI OTMEYAETCsI MOCTEIEHHOe YBeJudeHe Koaude-
crBa anonrtorudyeckux /JHK-xomer, B To Bpemsi Kak B
TPyIITe TOCTPAMABIINX THITOKCUST «-» MPOUCXOAUT CHIU-
KeHne 3HaveHuit anmonrtoruveckux /JIHK-xomer ¢ 3-ro
JTHS TIOCJIE TPABMBI.

ITosrydyensl gocToBepHble PA3IMUYUS IO AMONTOTH-
yeckuM J[HK-komeram mMeskmy rpymmamMu mocTpagaBuinx
¢ u 6e3 runokcuu Ha 1-e [2,30 (0,80; 3,80)% — runoxcus
«+», 10,8 (2,75; 12,03)%, p<0,05 — runokcuu «-»| u 7-e
[8,20 (5,67; 13,45)% — rumokcus «+», 4,10 (3,40; 5,10)%,
p<0,05 — runokcuu «-»| cyTKu mocsie TpaBmbl (puc. 2, b).

ITpu aTOM B rpyIilie MOCTPAAABIINX TUIOKCHS «+»
ypoBetb JeiikoruTos [1-e 15,5 (10,9; 21,1)X10% 3-u 8,95
(7,55;9,40), 5-¢ 8,95 (6,35; 12,58); 7-e 10,2 (7,10; 13,55);
15-e 8,8 (6,95; 13,0)] Ha sTanax wMccaeA0BaHUS [OCTO-
BEPHO He OTJUYAJCS OT TPYIIBl MOCTPAAABIIUX TUIIO-
keun «-» [1-e 15,3 (14,7; 16,1); 3-u 11,2 (6,9; 12,4); 5-¢
8,2 (7,1; 8,2); 7-e 9,75 (8,2; 10,25); 15-e 9,1 (9,1;
11,2)x10°]. /locToBepHble PA3NUYINSI MEKIY TPYITIAMU
MOCTPAJABIINX ¢ U 6€3 TUIIOKCUH 110 COAEPKAHUIO IOl
toruueckux J[HK-komeT 00ycI0BIE€HBI BIUSIHUEM TUIIO-
KCHUH Ha 3TOT MPOIIECC U He CBSI3AHDI C KOJTMYECTBOM Jieti-
KOIIUTOB B IJTa3Me KPOBHU B 9TUX IPYTITIaX.

hypoxia day 1 [2.30 (0.80, 3.80)% — hypoxia «+», 10.8
(2.75, 12.03 )%, p<0,05 — hypoxia «-»]| and day 7 [8.20
(5.67, 13.45),% — hypoxia «+» 4.10 (3.40, 5.10) %, p<0,05
— hypoxia «-»] after trauma (Fig. 2b). In the hypoxia «+»
group level of leukocytes [day 1 — 15.5 (10.9, 21.1) X 107
day 3 — 8.95 (7.55, 9.40); day 5 — 8.95 (6.35, 12.58); day 7
—10.2 (7.10, 13.55); day 15 — 8.8 (6.95, 13.0)] did not dif-
fer significantly from the hypoxia «-» group [day 1 — 15.3
(14.7,16.1); day 3 — 11.2 (6.9, 12.4); day 5 — 8.2 (7.1, 8.2);
day 7 —9.75 (8.2, 10.25); 15th 9.1 (9.1, 11.2) X 10°].

Significant differences between groups of patients
with and without hypoxia in number of apoptotic DNA
comets in blood might be due to the effect of hypoxia on
the process of cell death and not related to the number of
leukocytes in the blood.

Obtained data demonstrate that in the hypoxia «-»
group (generally, in those with a less blood loss — BL 9.1
(7.1, 16.7) ml/kg), an active destruction of white blood
cells by apoptotic mechanism occurs presumably due to
participation of leukocytes in removal of cell products
from damaged tissues post-trauma. Simultaneously, these
processes might contribute to prevention of infectious
complications.

A smaller numbers of apoptotic DNA comets [2.3
(0.8 3.8)%] on day 1 after the trauma in hypoxia «+» group
were due to a significant loss of leukocytes resulting from a
large volume of blood loss (BL hypoxia «+» — 21.8 (10.8,
32.7) ml/kg), and as a consequence, less active participa-
tion in the removal of cellular product from damaged tis-
sues and insufficient participation in the prevention of
infectious complications. The obtained data provide an
indirect evidence on the influence of hypoxia on leuko-
cytes functions.

On the first five days of observation an increase in
white blood cells death by necrotic (Fig. 1 @) and apoptot-
ic (Fig. 2 a) mechanisms was revealed. From the 5th to the
15th day of observation death of leukocyte by apoptotic
mechanism dominated over necrosis (Fig. 1 @ and 2 a).

Dynamics of the number of necrotic and apoptotic
DNA comets in patients with hypoxia shows that in the
first five days after trauma the processes of white blood
cells death by necrotic mechanism predominate. After day
5 in the hypoxia «+» group the processes of leukocyte
death by apoptotic mechanism dominated (Fig. 1 a, 2b). In
patients without hypoxia on first three days after the trau-
ma death of white blood cells occured by both apoptotic
and necrotic mechanisms.

From day 3 to day 7 post-trauma necrotic death of white
blood cells dominated over apoptotic death (Fig. 1 a, 2 b).

Caspase-3, Caspase-9 and sAPO-1/Fas

In all patients with trauma the level of caspase-3 was
higher than the normal values in all stages of observation
and reached the highest value to the end of the second
week post-trauma (Fig. 3). Dynamics of apoptotic DNA
comets and the level of caspase 3 were similar. Significant
differences were obtained in caspase 3 activity between the
control group [1.05 (1.00, 1.32) ng/ml] and a group of
patients on day 5 [2.65 (1.48, 13.75) ng/ml , p<0,05,
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ITpencraBientble JaHHbIE CBUMETENLCTBYIOT O TOM,
YTO B TPYIIE MTOCTPAAABIIUX TUITOKCUHU «-» (KaK MPaBH-
J10, ¢ MaJsibiM 06beMoM 1oTepu kposu — KIT19,1 (7,1; 16,7)
MJI/KT), TPOMCXOANUT aKTUBHAsA THOeab GesbIX KJIETOK
KPOBH 10 aTIONTOTHYECKOMY MEXAHU3MY 32 CUET YUaCTHs
JIEKOIUTOB B TIPOIlECCaX yAATeHUsS TMPOAYKTOB KIeTOU-
HOTO PAcIajia U3 MOBPEKIEHHBIX B PE3yJbTaTe TPABMBI
TKaHell. ITO OJHOBPEMEHHO MOKET CII0COOCTBOBATD IIPO-
bunakTnke nHOEKIMOHHBIX OCIOKHEHUI.

Manoe xommuectBo amontorudecknx JIHK-kxomer
[2,3 (0,8; 3,8)%] B mepBbIil eHb MOCTE TPABMbI B TPYIITe
HOCTPAJABIIIX MUIOKCUS «+», I0-BUAUMOMY, 00YCIOBJIIEHO
3HAYNTETHHON MOTEPEl JIEHKOIMTOB B pe3yJbraTe GOJIbII0-
ro oobema niorepu kKposu (KII runokcust «+» — 21,8 (10,8;
32,7) MJI/KT) 1, KaK CJIe/ICTBUE, MEHEE aKTUBHOE UX yJacTue
B y/IAJIEHUH TTPOJLYKTOB KI€TOYHOTO PACTIA/IA U3 TPABMUPO-
BaHHBIX TKaHell U HeIOCTATOYHOE WX YYacTHe B IPemy-
MIPEXKICHUN Pa3BUTHSA MH(MEKINOHHBIX ocsoxkHeHnit. [lo-
JIyJeHHbIE JAHHbIE KOCBEHHBIM 00Pa30M CBUIETENbCTBYIOT
0 BJIUSTHUY TUTIOKCUY HA (DYHKITHIO JIEHKOIIUTOB.

B nepsbie 5 aHell HAOMIOAEHNS 32 TOCTPAIABIIIMUI
OT TPaBMbI OTMEUYEHO yBeJrdyeHre rubenu OesbiX KJIETOK
KPOBHM KaK I10 HeKpoTrueckomy (puc. 1, a), Tak u 1o anon-
Totuaeckomy (puc. 2, a) mexanuzmam. C 5-ro 1o 15-if renn
HabmoAeHns THOEIb JEHKOIUTOB MO alONTOTUYECKOMY
MexaHu3My 1peobiiajiaet Hajl Hekporuueckum (puc. 1, a u
puc. 2, a).

ITpu TUmokcHy JIUHAMUKA KOJTUYECTBA HEKPOTHUYEC-
kux u anonrorndeckux /|HK-komer y mocrpazaBimmx ot
TPABMBI CBU/IETEILCTBYET O TOM, YTO B TIEPBbIE 5 JIHEl moce
TPaBMbI IPEOOIAIAIOT MPOIECCHI THOEH OEIBIX KIETOK KPO-
BH 110 HEKPOTHYECKOMY Mexanuamy. [lociie 5-ro aust Habuo-
JIeHUsT Y TOCTPAJIABIIIX TTOCJE TPABMbI B TPYIIITE TUTIOKCHUS
«+» Ha060POT TIPEOBIAAAIOT TPOIECCHI THOEIN JIEHKOIUTOB
[0 ANONTOTHYECKOMY MexaHuamy (puc. 1, a u puc. 2, b).

ITpu oTCyTCTBUU 3Ke TUTIOKCUU B TIEpBbIE 3 [HS MO-
cjie TpaBMbI TUGENb OEJIbIX KJIETOK KPOBU MPOUCXOAUT IO
ATOTITOTUYECKOMY U HEKPOTUYECKOMY MEXaHU3MY OJIHO-
BpemerHo. C 3-ro 110 7-ii jieHb HAOII0 eI TPOIECChI He-
KPOTHYECKOIi Tnhesn GesbiX KJIETOK KPOBU TIpeodiafaior
Haj anonTornyeckumu (puc. 1, a u puc. 2, b).

Kacnasa-3, kacnaza-9 u sAPO-1/Fas. VY Bcex 1oct-
PaJIaBIIKX C TPABMOU YPOBEHDb KacHasbl-3 ObLI BbIIIE HOP-
MaJIbHBIX 3HAYEHUI Ha BCeX dTanaX HaOJIONeHs U K KOH-
Iy BTOPOH Heean HabMIOAeHNsT AOCTUra] HauOOIbIIEro
3HaueHus (puc. 3). [lnnamuka copep:Kanms armonToTHyec-
kux JIHK-komer u ypoBHS Kacasbl 3 IMeeT CXOIHBIN Xa-
pakTep uaMeHeHus Kpusoil. Ilosyuyensl focToBepHbIe pas-
JUYWST 10 AKTUBHOCTH KACMA3bl 3 MEXKAY TPYIIION
koutposist [1,05 (1,00; 1,32) ur/mi| u rpynnoit mocrpaaas-
mux Ha 5-e [2,65 (1,48; 13,75) ur/ma, p<0,05, n=64], 7-e
[9,30 (2,15; 27,25) ur/mua, p<0,05, n=55] u 15-e cyTku
[9,90 (2,05; 46,90) nr/mu, p<0,05, n=35].

TTosy4ernsl focToBepHbIE PA3inyKs B yPOBHE Kaclia-
3b1-9 Meskay rpynnoit kontpous [1,9 (0,73; 3,89) ur/mi| u
rpyImoit mocrpagasmux na 5-e [5,06 (2,15; 7,65) ur/mu,
p<0,05, n=66] u 7-e cyrku [5,07 (2,12; 10,90) ur/mu,
p<0,05, n=58] (puc. 3).

n=64], day 7 [9.30 (2.15, 27.25) ng/ml, p<0,05, n=55], and
day 15[9.90 (2.05, 46.90) ng/ml, p<0,05, n=35].

Significant differences were obtained in the level of
caspase-9 between the control group [1.9 (0.73, 3.89)
ng/ml] and a group of patients on day 5 [5.06 (2.15, 7.63)
ng/ml, p <0,05, n=66] and day 7 [5.07 (2.12, 10.90) ng/ml,
p<0,05, n=58] (Fig. 3).

Interestingly, on day 1 after the trauma the concen-
tration of sSAPO-1/Fas (CD-95) increased significantly.

Significant differences in the level SAPO-1/Fas were
obtained when compared control group [64.69 (83.05,
46.33) pg/ml] and patients on day 1 [410.6 (260.7, 629.2)
pg/ml, p<0,05, n=22] or day 3 [388.0 (33.4, 808.5) pg/ml,
p<0,05, n=20], or day 5 [566.5 (377.3, 838.3) pg/ml,
p<0,05, n=14] or day 7 [396.3 (22.63, 907.0) pg/ml, n=14,
p<0,05] (Fig. 3); as well as groups of survivors [274.4
(241.4, 464.5) pg/ml, n=13] versus patients who died
[625.0 (429.8,734.0) pg/ml, n=9 , p<0,05] (in a latter case,
the comparison was performed on day 1).

These data suggest that immediately after the trau-
ma the intensification of the process of apoptosis by acti-
vation of effector caspase 3 through the CD-95 (sAPO-
1/Fas) was triggered. On days 5 and 7 after the trauma the

—4— sAPO-1/Fas — normal value
64,69 (46,33; 83,05) pg/ml
—a— Caspase 3 - normal value
1,05 (1,0; 1,32) ng/ml
ml —m— Caspase-9 — normal value 1
pe/ 1,9 (1,73; 3,89) ng/ml ng/m
600 , 12
500 10
400 8
300 6
200 4
100 2
0 0
i 3 3 7 15
Stages of observation, days

Puc. 3 YpoBensb kacnassi-3, kacnaspi-9 u copepskanune sAPO-
1/Fas B o01eii rpymne nocrpajaaBumx.
Fig. 3 Level of caspase-3, caspase-9 and sAPO-1/Fas in the

total group of patients.
Note (ITpumevanusi): Normal value — HopmasbHble 3HaueHUs;
Stages of observation, days — aTamsl mcciegmoBaHus, CyTKH;

Caspase — kacrasa; SAPO-1/Fas — soluble APO-1/Fas (pactso-
pumblii Fas perienirop); pg/ml — nikr/mir; ng/ml — Hr/mir.

* — p<0,05 — significant differences between the patients and the
control group (OCTOBEPHbBIE PA3IUUKs MEXKY TPYIION MOCTpa-
NABIINX U TPYIIION KOHTPOJIS ).

OBINAA PEAHMMATOAOTI WS, 2014, 10; 4

www.reanimatology.com

25



26

Injury. Blood loss

DOI: 10.15360,/1813-9779.2014.10.4.11-36

Hapsiny ¢ atum B IepBbIil IeHDb 1TOCJIEe TPAaBMbl OTMe-
YeHO JlocToBepHOe noBbiieHue cogepxanng SAPO-1/Fas
(CD-95).

[Tosyuensr gocroBepHbie pasimuns B ypoHe SAPO-1/
Fas mesxay rpymnmoit koutpossi [64,69 (83,05; 46,33)
nKr/mi| u rpynnoit nocrpagasimunx Ha 1-e [410,6 (260,7;
629,2) nkr/ma, p<0,05, n=22], 3-u [388,0 (33,4; 808,5)
nkr/mi, p<0,05, n=20], 5-e [566,5 (377,3; 838,3) nkr/m,
p<0,05, n=14] u 7-e cyrxu [396,3 (22,63; 907,0) nxr/m,
n=14, p<0,05] (puc. 3); a TakKe MeXKIY TPYNION BLIKIB-
mwx [274,4 (241,4; 464,5) nkr/miu, n=13] u ymepiiux
6ompHbIX [625,0 (429,8; 734,0) nkr/mua, n=9, p<0,05] na
1-e cyTku.

[IpencraBieHHble JaHHBIE CBUIETEALCTBYIOT O TOM,
YTO Cpasy IHOCJe TPaBMbI 3aIIyCKAETCS MHTEHCU(DUKAIIA
rporecca anomnTo3a 3a c4eT akTuparuu a(hheKTopHOIl Kac-
naset 3 yepe3 CD-95 (sAPO-1/Fas). Ha 5-e u 7-e cytku
[ocJie TPaBMbl B aKTUBALUIO TIPOLECCA AIONTO3a OesIbix
KJIETOK KPOBM BOBJIeKaeTcs Kacrasza-9 (puc. 3).

Opno-, nByHuTeBBIE pa3pbisbl B Mosiekyre JJTHK. C
MOMOIIBIO [IEJI0YHOTO 3JIeKTPOodope3a ObLIK OL[EeHEHBI OJI-
HO-, IBYHUTEBbIC Pa3pbIBbI (MHTETPAJIbHBIN 1I0KA3aTeNb) B
mostekyJie JTHK Gesbix KJIeTok KpoBH, IIPOUCXOISIINE, KAK
[PAaBUJIO, C YYaCTHEM DHJIOHYKJIEa3.

W3 pucynka 4, a BUIHO, YTO B IPyIIIE HOCTPAAABIINX
C TPaBMOI1 Ha BCEX aTarax MCCJAeIOBAaHIS UMEET MECTO JI0-
CTOBEPHOE IOBBIIIIEHNE 3HAYECHI MHTETPATIbHOTO TIOKa3aTe-
JISI OTHOCUTEJILHO TPYIIIbI CPAaBHEHUS. YBeJNYeHUEe NHTEr-
PAJIbHOTO MOKA3aTellsi B IEPBble JIBE HeeN HAOJIOEHIs
COM3MEPHUMO C IOBBIIIEHUEM KOJMYECTBA AllONTOTHYECKUX
[ITHK-komer u mosisiennem nekpornueckux JIHK-komer
GeJIbIX KJIETOK KPOBU B 3TOT 11eproL (puc. 4, a).

[ToBbIlIeHHOE 3HAUCHIE WHTETPAIBHOTO MOKA3ATEIIS
y IOCTPAJIABIIUX C TPABMOI MOKET OTPA’KaTh YBEJIUYCHUE
rugposmsa JJTHK 1o MexaHuamy o/iHO-, JIByHUTEBbIX pa3-
PBIBOB MOTUOAIIIX [0 AIONTOTHYECKOMY U HEKPOTUYEC-
KOMY MeXaHU3MaM GeJIbIX KIIETOK KPOBH.

Puc. 4. Unrerpanbublii (07HO-, ABYHHTEBbIC Pa3pBIBbI B MOJIe-
kyne JHK) nokasaresnb y nocrpagaBumux ¢ TpaBmoii (a). ROC-
KpUBasi OLlEHKU MPOTHOCTHYECKOii IIEHHOCTH OTCYTCTBUS Pa3BH-
THSI UH(PEKIHOHHBIX OCJIOXKHEHHIl M0 YPOBHIO HHTErPAIHHOTO
noka3saresi pa3psiBoB [IHK Ha 3-u cyTku mocie TpaBMbl B rpyn-
e NOCTPaJABIIMX IUMOKcHsT «+» (b)

Fig. 4. Integral index (single and double breaks in the DNA
molecule) in patients with trauma (a). ROC-curve of assess
the prognostic value of absence of infectious complications at
the level of the integral index of DNA breaks on the third day
after the trauma in patients in group hypoxia «+» (b).

Note (IIpumeuanue):

Stages of observation, days — arambl mccaenoBaHusi, CyTKu;
General group — o6ast rpymma; Control group — I'pymia cpashe-
nug, single and double breaks in the DNA — oxno-, iByHuTEBbIE
paspsisel JJHK. Integral index of DNA breaks on the third day
after the trauma in patients in group hypoxia «+» — uHTerpasb-
HbIH TToka3aresrb pa3peioB JJHK wa 3-u cyTku B rpymie moctpa-
JABIIMX THIOKCHS <«+»; Sensitivity — 4yBCTBUTEIBHOCTD,
Specificity — creruduanocTs.

* — p<0,05 — significant differences between the patients and the
control group (OCTOBEPHbIE PA3IUYNs MEXKLY IPYIIION ITOCTpa-
NABIIUX U TPYIIION KOHTPOJIS ).

invlvement of caspase-9 in activation of the apoptotic
process of white blood cells became evident (Fig. 3).

Single-, double-strand breaks in the DNA molecule

Single-, double-strand breaks (integral parameter)
in the DNA molecule of white blood cells were evaluated
simultaneously by using alkali electrophoresis. Thse brakes
usually depend on activities of endonucleases.

Figure 4 a shows that in the group of patients with
trauma in all stages of the research the integral index holds
significant increase in comparison to the control group.

Increase in the integral index in the first two weeks
of observation was comparable with the increase in num-
ber of apoptotic DNA comets and appearance of necrotic
DNA comet during this period (Fig. 4 a). Increase in the
integral index in patients with trauma might reflect an
increase of hydrolysis in DNA by single, double-strand
breaks and apoptotic and necrotic mechanisms of white

blood cells death.

- 4 - Single-, doublebreaks of a
DNA general group

—#- Single-, doublebreaks of
DNA hypoxia<+» and infection «+»
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Tpasma. Kposonoreps .

MaxkcumasbHOE 3HAYEHHUE OJIHO-, IBYHUTEBBIX Pa3-
peiBoB B Mosiekysie /IHK ormeueHo Ha 3-m cyTku mocie
tpasmbl [18,04 (13,52; 22,20)%]. C 3-x o 15-e cyTku Ha-
GJIOJIEHUsT TIPOUCXOAUT TIOCTENEHHOE CHUIKEHIE WHTET-
PAJIBHOTO TIOKA3aTeJssl TPAKTUYECKU /10 NePBOHAYAIBHOTO
suavenws [16,02 (12,54; 18,95)% ma 15-cyTku|.

¥ nocTpaziaBIiux B TPYIIIIE TUIIOKCUS <+ KOJIMYeCT-
BO OJIHO-, IBYHUTeBBIX pa3pbiBoB /JIHK B 11epsblit nenb 11o-
cyie TpaBMbl coctasuio 12,90 (11,53; 16,40)%, u 66110 10-
CTOBEDHO MeHbIlle, YeM B TPYyIIe TUnokcus <«-» [18,35
(12,78; 19,77)%, p<0,05].

B rpymme nocrpasaBuinx runokcus «+» + nHpex-
U «+» [MOKA3aTesb KOJIMYEeCTBA O/IHO-, IBYHUTEBBIX Pa3-
poiBoB [IHK Ha 1poTskeHUN BCero mepuojia HabIoeH st
0CTAaeTCst HUKE TI0Ka3aTelis 3HaUeHUH OJIHO-, IBYHUTEBbIX
paspsiBoB /IHK B rpyrime noctpajjaBimx rurokcust «+» u
nHdekus «-» (puc. 4, a).

BoigBiieHo 3HaUMTE/IbHOE YBEJIMYeHNEe MHTETPAJIBHOTO
[I0Ka3aTesIsl Ha TPETHil JIeHb 1I0cJIe TPABMbl B IPYIIIIE TUIIO-
KCus «+» 1 uHbexmmst «-» [27,3 (21,4; 32,5)%] otHOCHTEH-
HO TPYIITBI KOHTPOJIst [6,85 (7,75; 4,4)% ] n rutokeust «+» u
undekims «+» [13,44 (10,28; 18,64)%].

C nomonrpio nocrpoernsi ROC-KkpuBbIX NpoBe/eH
aHaJIN3 MPOTHOCTUYECKOI IEHHOCTH Pa3BUTHA MHQEKIU-
OHHBIX OCJIOKHEHUI IIPY MTOBBIIIEHHOM HHTErPAJIbHOM T10-
Kazaresie Ha 3-if, 5-if U 7-il JieHb TOCJEe TPABMbI B IPYIITIe
MOCTPAJIABIINX TUIIOKCHS <«+». 3HAYEHUE IIONAIN IO/
ROC kpuBoii, mocTpoeHHON st 3-T0 [AHS HaOMIOAeHNS,
cocrasusio 0,788 (puc. 4, b). Dt naHHbIE CBUIETENBCTBY-
10T 0 TOM, uTO Bbicokue [27,3 (21,4; 32,5)%| 3nauenus oj-
HO-, AByHHUTeBbIX pa3pbiBoB JJHK Ha 3-u cyTtkm mocie
TPaBMBI MOTYT CJIY>KUTb XOPOILIUM ITPOTHOCTHYECKUM TIPU-
3HAKOM, TO3BOJISIONINM IPEIIOJIOKUTh MAJIYIO0 CTEICHb
BEPOSTHOCTH Pa3BUTHUS MH(MEKIIMOHHBIX OCJIOKHEHUI He-
CMOTPS Ha HaJIMYKe TUITOKCHH Y TIOCTPAJABIINX CPa3y 10-
cJie TpaBMbL. B HalieM HaGJIOZ€HUN TOYKA OTCEYEHUSI CO-
crasusa 18,6%, pu 9TOM YyBCTBUTETHHOCTD COCTABIIIA
83,3%, a cnenuduunocts — 75,0%. [lanmyio BeqnunHy
MOKHO PEKOMEH/IOBATh KaK IIOPOTOBYIO /LIS TIOCTPajlaB-
HIMX HAa 3-U CYTKU C MOMEHTA TPABMbI, HIZKE KOTOPOI PUCK
pasBuUTHA MHPEKIMOHHBIX OCJIOKHEHIH PE3KO yBEJINYNBA-
ercst. [lo-Buaumomy, akTuBHas rube/b JEHKOIUTOB 110 He-
KPOTUYECKOMY MEXaHU3MY COIPOBOK/IAIONIEMYCS OJHO-,
JIBYHUTEBBIMU Pa3pblBaMU OIIPEIEISACT NPEAYIPEKICHUE
PasBUTHSI THOMHO-CENITUYECKUX OCTOKHEHMIT Y 9THX GOJIb-
HBIX. 3HAYEHMS MHTETPAJBbHOrO IOKa3aTessd B IEPBbIi
JICHD TI0CJIC TPABMBI HE 3aBUCEJIN OT MCXO0/1a | BbIKUBIITIE —
14,69 (12,67; 19,89)%, ymepie — 17,0 (11,72; 22,2)%]
TpaBmbl U oObema norepu kposu [KII T u II CT — 17,0
(12,8;20,3)%, KITTITu IV CT — 14,2 (12,22; 21,0)%]. I1o-
JIy4EHHBbIE JaHHbIE CBUIETEJILCTBYET O BJAUSHUU TUIIOKCUN
Ha ruaposns JTHK Genbix KJIeTOK KPOBHM 10 MEXaHU3MYy
O/THO-, IBYHUTEBBIX Pa3PbIBOB.

JIsynuteBble pa3pbiBbl B Mosekyiaax JTHK Geabix
KJIETOK KPOBH. 3HA4YCHUS I10Ka3aTesist JIBYHUTEBbIX pas-
poisoB JIHK B niepBblii 1eHb [0CsIe TpaBMbl ObLIN B IIpejie-
Jgax Hopmbl [5,44 (3,39; 8,77)%], He 3aBucenn oT Buia
[TCT — 4,44 (3,35; 6,48)%, UMT — 5,97 (3,70; 8,97)%,

The maximum value of a single, double-strand breaks
in the DNA molecule were observed on the third day after
trauma [18.04 (13.52, 22.20)%]. From day 3 to day15 of
observation the values of integral index gradually decreased
to its initial value [16.02 (12.54, 18.95)% on day 15].

The number of single, double-stranded DNA breaks
in the first day after the trauma was 12.90 (11.53, 16.40)%
in patients in group hypoxia «+» that was significantly less
than in the hypoxia «-» group [18, 35 (12,78; 19,77)%,
p<0,05].

The numbers of single, double strand DNA breaks
during the observation period were lower in a group
hypoxia «+» + infection «+» than in the group hypoxia
«+» + infection «-» (Fig. 4 a).

There was a significant increase in integral index day
3 after the trauma in the hypoxia «+» + infection «-» group
[27.3 (21.4, 32.5)%] in comparison to the control group
[6.85(7.75, 4, 4)%] and hypoxia «+» + infection «+» group
[13.44 (10.28, 18.64)%)].

The prognostic value of the infectious complications
development was assessed by ROC analysis of elevated inte-
gral indeces on days 3, 5 and 7 after trauma in patients from
a group hypoxia «+». Area under the curve (AUC) for the
data obtained on day 3 post-trauma was 0.788 (Fig. 4 b).

These data suggest that high values of single, double
strand breaks [27.3 (21.4, 32.5)%] as determined on day 3
after the trauma might serve as a potential prognostic sign
that suggests a low degree of infection development
despite the presence of hypoxia in patients immediately
after the trauma. In our observation, at an optimal cut-off
point of 18.6%, the sensitivity was 83.3% and specificity
was 75.0%. This value (18.6%) might be recommended as a
threshold for the patients on the third day after trauma;
lowering this value might mean the dramatical increase of
risk of infection. Apparently, the active destruction of
leukocytes by necrotic mechanisms that is accompanied by
single, double strand breaks prevent the development of
infectious complications in these patients. Integral index
values on the first day after the trauma did not depend on
the outcome of trauma [the survivors — 14.69 (12.67,
19.89)%, deceased patients — 17.0 (11.72, 22.2)%] and
amount of blood loss [I+II DBL — 17.0 (12.8, 20.3)%,
III+IV DBL — 14.2 (12.22, 21.0)%]. The obtained data
link the effect of hypoxia on DNA hydrolysis of white
blood cells and single-, double-strand breaks of DNA as a
mechanism of cell death.

Double-strand breaks of DNA molecules in white
blood cells

The values of DNA double strand breaks in the first
day after trauma were within normal limits [5.44 (3.39,
8.77)%], not depending on (a) type of trauma [SCT — 4.44
(3.35,6.48)% , TBI — 5.97 (3.70,8.97)%, SCT+TBI — 4.96
(3.48, 8.39)%], (b) amount of blood loss [I+1I DBL — 5.5
(3.6,8.9)%, III+1V DBL — 5.1 (3.1, 8.4)%] and (c¢) devel-
opment of infectious complications [infection «+» — 4.84
(3.24, 8 94)%; infection «-» — 5.50 (4.20, 7.64)%].

In the dynamics the increases in double-stranded
DNA breaks of white blood cells on day 3 [7.11 (3.50,
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TCT+UMT — 4,96 (3,48; 8,39)%] TpaBmbI, 06beMa moTe-
pu kposu [KIITu Il CT — 5,5 (3,6;8,9)%, KIT 11T u IV CT
— 5,1 (3,1; 8,4)%] u pazButust HHGEKITMOHHBIX OCJIOXKHE-
it [undeximsa «+»> — 4,84 (3,24; 8,94)%, undexius «-»
— 5,50 (4,20; 7,64)%].

B nunHamMumke OTMEYEHO yBeJMYEHHE BBIIIE HOPMbI
nokaszaresisi AByHuTeBbX paspoiBoB [JTHK Gesbix kiieTok
xposu Ha 3-u [7,11 (3,50; 9,43)%], 5-e [6,5 (3,74; 10,01)%]
u 15 [7,11 (5,79; 9,01)%] cyrku Habmonenus (puc. 5).

JluHamMuKa M3MEHEHMS II0Ka3aTess IBYHUTEBBIX
paspbiBos [THK (puc. 5, b) B rpyIiiie mocTpajaBuiux ruio-
KCHS «-» B TIEPBYIO HEJIEJIIO [T0CJIe TPABMbI HATIOMITHAET M3~
MeHeHus nokasatesist arnontorndecknx JHK xomer (puc.
2, ¢) B Toii ke rpyrmrie. MOKHO IPEANONI0KUTD, YTO MOBbI-
nreHHas THGesb OeIbIX KIEeTOK KPOBU 3a CYET alolTos3a y
MOCTPAJABIINX C TPABMOIi G€3 TUIIOKCUY UET C THPOJIU-
3oMm JTHK 110 Mexanusmy ZIByHUTEBBIX Pa3pbIBOB. Y IT10CT-
pa/laBIINX U3 TPYIIIbI TUIIOKCHS «+» TIPU MOCTYIJICHUU B
pPEaHNMATOJIOTHYECKOe OT/IEJIeHNEe TI0Ka3aTesb JIBYHUTE-
Bbix pa3pbiBoB J{HK 6bu1 B mipejiesiax HOpMaJIbHbIX 3HAYE-
uuii [4,60 (2,29; 7,90)%, p<0,05] u ObLI IOCTOBEPHO HITKE,
4yeM B IpyIIe MOCTPAAABIINX THIIOKCUU «-» [§,18 (3,40;
11,41)%]. Ha 3-u cyTKku ypoBeHb JABYHUTEBBIX PA3PbIBOB
JTHK yBesnmuuBaercst B 06erX TPYIIIAX, HO OCTAETCS BbIIIE
B TPYIINE TUITOKCUU «-» (PHC. J).

B rpynne BBDKHBIIMX MOCTPAIABIIMX KOJUYECTBO
nByHUTEeBBIX pa3pbiBoB [JHK B nepsblil ieHb 1oce TpaBMbl
HAXO/IMJIOCh B IIpejie/iax HOpMasibHbIX 3HaueHuit [4,90 (3,37;
8,01)%] u 6bLIO TOCTOBEPHO HUZKE, YEM B IPYIIIE YMEPIIIX
[6,12 (3,70; 9,02)%, p<0,05] GOIBHBIX, B KOTOPOU 3HAYEHMST
rokasaresist IByHUTeBbIX paspbiBoB JJHK Obuiu Bbiie HOp-
MbI Ha BCEX Talax HabJI0eHUSI.

B rpyiimie mocTpasaBiinx nHbEKIUN «-» HA 5-i IeHb
110cJIe TPABMbI OTMEUYEHO OJTHOBPEMEHHOE YBEJINYECHUE KO-
nuvectBa Hekporuueckux J|HK-komer u mokaszaress n1By-
nurtesbx pas3pbiBoB JIHK. [losydennbie janHbie KOCBEH-
HBIM 00Pa30M CBUJIETEJBCTBYIOT O TOM, YTO B 3TOU IPyIIie
MOCTPAJIABIINX HA 5-€ CYTKHM HJET MOBbIIIEHHAst rubesib
JICHKOIIUTOB MO0 HEKPOTUYECKOMY MEXaHU3MY, B TOM YUCJIC
U C AIBYHUTEBBIMU Pa3pbIBAMHU.

Koppensanuonnsie 3aBucumoctu. Koniuenrpanus
Braekserounoil /JIHK B nasme noctpazaBiimx ¢ Tsokesnoi
couerannoil Tpasmoii (TCT) B nepsblii ieHb 1ocse Tpas-
MBI UMeJIa CJIabyio CTeNeHb MON0KUTETbHON KOPPEJISIun
¢ nexkporudeckumu /I HK-komeramu (=0,407) u nBynure-
BoiME paspbiBamu B Mosiekyse JHK (7=0,399). B cBoio
ouepeib, nekporuueckre /J[HK-komersr nmesnu cpeasioio
crernerib (7=0,560) OI0KUTENLHON KOPPEJISAIUH C ABYHU-
TeBbIMU paspbiBamu B Mosiekysie [JTHK (tabu. 2).

[Tosryuennble anHble CBUAETEABCTBYIOT O TOM, YTO
nosbiienye Konuectsa Buekaerounoit /[HK cpasy nocie
tpaBMbl ipu TCT 06yciioBJIEHO He TOJIBKO TONafaHueM
JITHK u3 kyeTok TpaBMUPOBAHHBIX TKAHEN, HO U OTYACTH
BkaazoM JTHK Gesbix KaeTok KpoBH, pa3pyiaeMbIX M0 Me-
xanusmy Hekposa. IIpu atom pacnag JTHK kaetok TpaBmu-
POBaHHBIX TKaHeil 1 6esabix kiaeTok kposu npu TCT uuer
MPENMYIIECTBEHHO 110 MEXaHNU3MY /IBYHUTEBBIX Pa3pbIBOB.
Hapsimy ¢ aTM B 1iepBble CyTKH MOCJIe TPaBMbl OTMEYeHa

= < = Double breaks of DNA general group
—— Double breaks of DNA hypoxia «+»
% —@&— Double breaks of DNA hypoxia <«-»

10

Control group 4,90 (3,88; 6,00)%

1 3 5 7 15
Stages of observation, days

Puc. 5. [Isynuresbie paspsisbl JIHK y nocrpasasmmx B o6mei
rpyMIe U B PYNIAX THIOKCUS <+> U THIIOKCUH <->.

Fig. 5. DNA double strand breaks in patients in the total group
and groups hypoxia «+» and hypoxia «-».

Note (IIpumeuanue): double strand breaks of DNA — aBynure-
Bbie paspoibl [[HK; stages of observation, days — aamsr uccaemno-
Banwust, cyTky; general group — obmast rpya; hypoxia «+» — ru-
nokcust «+»; hypoxia «-» — rumokcust «-»; control group —
KOHTPOJIbHAS IPYTITIA.

# — p<0,05 — significant differences between hypoxia «+» and
hypoxia «-» groups (JOCTOBepHbIE Pa3auuKsi MEKAY TPYIIIAMK
TUIOKCHS «+» U THIIOKCUU <-» ).

9.43)%], day 5[6.5 (3.74,10.01)% ] and day 15 [7.11 (5.79,
9.01)%] were observed (Fig. 5).

Dynamics of changes in DNA double-strand breaks
(Fig. 5 b) in the hypoxia «-» group during the first week
after trauma reminds changes in apoptotic DNA comets
numbers (Fig. 2 ¢) in the same group. It can be assumed
that the increase of white blood cell death by apoptosis in
patients with trauma without hypoxia occurs by hydroly-
sis of DNA via the double-strand DNA breaks mechanism.

In hypoxia «+» group at admissions the DNA double
strand breaks were within the normal range [4,60 (2,29;
7,90)%, p<0.05] and were significantly lower than in the
hypoxia «-» group [8.18 (3.40, 11.41)%]. On day 3 post
trauma, the increase in the level of DNA double strand
breaks in both groups was observed, however, it remained
higher in the hypoxia «-» group (Fig. 5).

In survivors group, the amount of double-stranded
DNA breaks in the first day after the trauma was within
the normal range [4.90 (3.37, 8.01)%] being significantly
lower than in the group of deceased patients [6.12 (3.70 ;
9,02)%, p<0,05]. In the group of patients, who died, the
DNA double strand breaks were lower than normal values
during the wholel period of observation.

In the group of patients with no infection (infection
«» group) on day 5 after the trauma a simultaneous
increases in the numbers of necrotic DNA comets and
DNA double strand breaks were observed. These data indi-
rectly indicate that in this group of patients increases in
leukocyte death on day 5 occur by necrotic mechanism
through double-stranded breaks.
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crnabas crenenb (7=0,390) MOJIOKUTENBHONU KOPPEISAIIUE
MEK/ly HPOILEHTHBIM COJIePXKAaHUEM HEKPOTUYECKUX M
anonrtornyeckux /IHK-komer B 11asme KpoBu 1octpajias-
IUX, YTO CBUETEJNBCTBYET 00 OJIHOBPEMEHHOM allONTOTHU-
YeCKOM ¥ HEKPOTUYECKOM MYyTAX I'mOen OeJbIX KIETOK
KPOBH B 3TOT IIEPUO/L.

[loBrimenne kommyectBa BHekaerouHoit /JJHK B
mazme kposu moctpagasiiux ¢ TCT na 5-e cyTku mocie
TPaBMbI UMEJIO CPE/IHIOI CTENEeHb KOPPEISIIMOHHON 3a-
JIHK-xomeTamu
(r=0,572) u cnabyio creneHb MOJIOKUTENBHON KOPpPeisti-

BUCUMOCTH € HEKPOTUYECKUMU
nuu ¢ anonrorndeckumu JIHK-xomeramu (7=0,336).
ITO CBUIETENBCTBYET 06 OJHOBPEMEHHOM AIIOIITOTUYEC-
KOM ¥ HEKPOTHUYECKOM MeXaHusMaXx rubeu Gesbix Kie-
TOK KPOBHU Ha 5-11 /IeHDb TOCJI€ TPABMBI M UX 3HAUYUTE]h-
HOM BKJIa/Ie B TIOBBIIIeHHEe YPOBHS BHekgeTouHoi JJTHK B
mazme nipu TCT. IIpu aToM oT™MeueHa BbICOKas CTEleHb
koppesaiun (r=0,650) mexay anonrornueckumu JIHK-
KOMEeTaMU ¥ MHTETPaJIbHBIM (OHO-, IBYHUTEBbIE Pa3Pbl-
Bbl JIHK) nokasaresem u cpeiiss creneHb KOPPessinm
(r=0,462) mexny anonrornuyeckumu [JHK-komeramu n
JIBYHUTEBLIMH Pa3PbIBAMU, YTO MOJKET CBUJETEIBCTBO-
BaThb O TOM, 4To ruaposus JHK 6enbx KIeToK KpoBu
npu TCT na 5-e cyTKU MOCJe TPABMbI HIIET 10 MEXAHU3-
MY OJIHO- ¥ JIBYHUTEBbIX PA3PbIBOB.

B orsmune or nocrpazaBmIuX ¢ TsUKENIOH covyeTaH-
HOH TpaBMoii y 6osbHbIX ¢ UMT B HepByIo HEAEMIO Moce
TPaBMbI HE OTMEUEHO KOPPEJISIIMOHHBIX 3aBUCUMOCTEH 110
sHeksaerounoil JTHK, 4To MosKeT ObITh CBA3aHO € MaJIbIM
006bEMOM TPABMUPOBAHHBIX TKAHEI 1 JIOKAJIbHBIM 3aKPbI-
TBIM BUJIOM Y€PEIHO-MO3TOBOI TPaBMBI.

B xonIte Bropoil Hepean HaboeHUs y TIOCTPaaB-
mux ¢ YMT BoIsiBiIeHA cpefiHss TOJI0KUTeIbHAS CTelleHb
koppesstiiun (7=0,551) Mex Ty TPOIIEHTHBIM COEPIKAHU-
em anonrtornueckux JIHK-xomer u unrerpambubim (of-
HO-, IBYHUTEBbIC PA3PBIBbI) MIOKA3aTEIEM, & TAKKE BbICO-
Kas I0JIO)KUTeJNbHass crenenb kKoppessuuu (r7=0,70)
Mmexay Bueksaerounoit [IHK u unrerpanbpubimM nokasare-
sem. IlpencraBiennblie JaHHbIe CBUAECTEIBCTBYIOT O TOM,
410 obpasosanue BHekjerouHoi JIHK u amonrtoruuec-
kux JIHK-komeT Gesrbix kietok KpoBu Ha 15 getnb HabIit0-
JICHUS COIIPSIKEHO € O/IHO- U JIBYHUTEBLIMH Pa3pbIBAMM.
IIpu srom JIHK OGesbix KI€TOK KpPOBHU, IOTHOIINX 110
AlONTOTUYECKOMY MEXaHM3MY, [aeT OIpeeeHHbII
BKJaJ[ B KoandecTBo BHekeTounol /[HK B mrasme moct-
pa/iaBIINX B 3TOT IEPUO/L.

Ha 15-e cyTku mocjie TpaBMBbl y TOCTPALABIIIX C
YMT ormeuena BbICOKas OTpuUIlaTeIbHAS KOPPEIAINOH-
Has cBs3b Mexay Buekserounoit JIHK u nekporuyecku-
mu JIHK-komeramu (7=-0,60), a Takxke Mex1y BHEKJIE-
tounoit JIHK wu aBynureBsimn paspwiBamu (7=-0,60).
IIpu arom mnporent nexkporuuyeckux [JHK-komer nmen
BBICOKYIO TIOJIOKUTEJbHYIO CTEIEeHb
(=0,709) ¢ nByuureBbiMu paspbiBamu. l[losyuentbie

KOppeJsanunu

JJAHHBIE CBU/ICTEIBCTBYIOT O TOM, UTO IIOBBIIIEHHOE CO-
nep:kanne Buekserounoit JIHK B nmazme kpoBu moctpa-
pasmux ¢ YMT ma 15 cyTku 0OYCJIOBIEHO BKJIALOM
JTHK GesibIx KJIeTOK KPOBH, IIOTUOIINX 110 AlIONTOTHYEC-

On day 3 after trauma and severe hypoxia without
infectious complications, levels of necrotic DNA comets,
apoptotic DNA comets and single, double strand DNA
breaks were higher than the same values in the group of
patients with infection and hemorrhage and/or severe
hypoxia. The values of all three parameters were united and
ROC analysis was performed to identify the significance of
the total (necrotic DNA comet + apoptotic DNA comet +
single DNA breaks) index as a prognostic marker of a prob-
ability of infectious complication. ROCanalysis of data
received on day 3 after the trauma in the hypoxia «+» group
showed in Fig. 6 a,b.

1. The area under the ROC curve for the total
amount at the 3rd day after the trauma, was 0.923 (sensi-
tivity of 100%, specificity — 75,0%). The cut-off point
(cut-off point) was 47,3%

2. The level of the overall score is higher than a
given point can serve as a good prognostic sign, which sug-
gests that a small degree of probability of infectious com-
plications.

3. The total value of the index is lower 47,3% indi-
cates a high risk of infectious complications in patients
with trauma and severe hypoxia.

Correlations

Concentration of extracellular DNA in plasma
patients with severe concomitant trauma (SCT) on the
first day after the trauma slightly correlated positively
with necrotic DNA comets (7=0,407) and double-strand
breaks in DNA (7=0,399). Numbers of necrotic DNA
comets correlated strongly (#=0,560) with a number of
double stranded DNA breaks (Table 2).

The obtained data indicate that increased amounts
of extracellular DNA after SCT resulted not only from
cells of damaged tissue, but also (at least, in part) because
to liberation of DNA from white blood cells destroyed by
necrosis. In this regard the disintegration of DNA is main-
ly due to generation of double-strand breaks. On day 1
after trauma a mild degree (#=0,390) of positive correla-
tion between the percentage of necrotic and apoptotic
DNA comets in patients plasma was revealed indicating
simultaneous induction of both apoptotic and necrotic cell
death pathways in white blood cells during this period.

Increased amount of extracellular DNA in blood
plasma of patients with SCT on day 5 after the trauma cor-
related with the amount of necrotic DNA comets
(r=0,572) whereas a weaker positive correlation with
apoptotic DNA comets was revealed (7=0,336).

This indicates the simultaneous induction of apoptotic
and necrotic death mechanisms in white blood cells on day a5
after the trauma and their significant contribution to the
increase of extracellular DNA in plasma in SCT patients. At
the same time, there was a high- degree, correlation (#=0,650)
between apoptotic DNA comets and integral index (single,
double-stranded DNA breaks), and a correlation of average
degree (r=0,462) between apoptotic DNA comets and dou-
ble-strand breaks. These data suggest that the hydrolysis of
the DNA in the SCT on day 5 after the trauma occurs by the
mechanism of single-and double-strand breaks.
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Ta6muua 2. Koppeasiuuonnbie 3aBUCUMOCTH Meskay okasarensvu JIHK-noBpeskaenuii y mocrpajaBuiux ¢ TpaBMOM
Table 2. Correlations between different estimations of a DNA damage in patients with trauma

Indicators DNA Double-strand Single-, Apoptotic Necrotic
in plasma breaks in DNA double-strand DNA-comets DNA-comets
breaks in DNA
SCT
DNA in plasma 7=0.399 =0.336 r=0.407
(15t day) (5t day) (15t day)
r=0.573
(Sth day)
Necrotic DNA-comets r=0.407 =0.56 =0.39
(15t day) (15t day) (15t day)
r=0.573
(Sth day)
Apoptotic DNA-comets r=0.336 r=0.462 r=0.650 r=0.39
(5t day) (5% day) (5th day) (15t day)
TBI
DNA in plasma r=-0.60 r=0.70 r=—-0.60
(15th day) (15th day) (15th day)
Apoptotic DNA-comets r=0.551
(15th day)
Necrotic DNA-comets r=0.709
(15th day)
TBI+SCT

DNA in plasma r=0.307 r=0.318 r=0.419 r=0.359

(7th day) (7t day) (15th day) (15th day)
r=0.587
(15th day)

Apoptotic DNA-comets r=0.532 r=0.526 r=0.392
(7th day) (34 day) (15th day)
r=0.582

(15th day)
Necrotic DNA-comets r=0.735 r=0.392
(15th day) (15th day)

Single-. double-strand breaks in DNA r=0.659
(34 day)
r=0.611
(7th day)

Note (npumeuanue): Indicators — mokasarenn; SCT — severe concomitant trauma (Tskenas ckenaernas tpasma); TBI — traumatic
brain injury (uepenno-mosrosast tpasma); DNA in plasma — /ITHK B miasme; Apoptotic DNA-comets — anonroruyeckue [[HK-kome-
To1; Necrotic DNA-comets — uekpornueckue JIHK-komersr; Single-. double-strand breaks in DNA — oxno, AByHUTEBbIE Pa3pbIBbI
THK; Double-strand breaks in DNA — nsynutessie paspoisbt JIHK; day — cyTiu.

p<0,05 — paznuuns Mexay Tpynmamu mo Koagduimenty koppensinu Crinpmana; p<0,05 — difference between groups by Spearman

rank correlation coefficient.

KOMY, a He 110 HEKPOTHYECKOMY MeXaHu3my. B aToT nepu-
on y nocrpagasimux ¢ YMT obpasoBanue HeKpOTHYEC-
kux JJHK-koMeT Gesibix KJIeTOK KPOBU OCYIIECTBISIETCS
110 MEXaHU3MY JIBYHUTEBBIX Pa3PbIBOB.

¥ nocrpagaBiumx ¢ TCT+UMT koppesnsirioHHbie
3aBUCHMOCTH MEK/Yy HCCJEyeMBbIMU IOKA3aTeJIsMU I10-
Bpexkaennii IHK BoistBiiensr Ha 3-1, 7-e u 15-e cytku. Ha
3-1 CyTKH I10CJIe TPABMbI BBIIBJIEHA CPEIHAS CTEIIEHb KOP-
PEJAIUMOHHOI 3aBUCUMOCTH (7=526) MeXK Iy aronToTuIec-
kumu JITHK-komeTamMu 11 01HO-, IBYHUTEBBIMU Pa3pbIBAMH,
a Tak’Ke MKy IBYHUTEBBIMU U OJTHO-, IBYHUTEBBIMU Pa3-
poiBamu (=659).

Ha 7-e cyTku mocsie TpaBMbl OTMeu€eHa caabast Kop-
PEJISIIIMOHHAS 3aBUCUMOCTD MoKasatesiei ceobounoit JJHK
B IIIa3Me U JABYyHUTeBbIMU paspbiBamu (r=307), a Takke
Mesxay cBobomnoi JITHK B miasme u oHO-, IByHUTEBBIMU
paspsiBamu (7=318). B aTot ke nepnoj oTMeueHa cpeiHss
CTeTeHb KOPPEAIUOHHON 3aBucuMocTu (r=532) MexIy

In contrast to patients with severe concomitant trau-
ma, in patients with TBI during the first week after trauma
any correlations between extracellular DNA and DNA
comets were not observed that might be with a result of a
small volume of damaged tissues and local and closed char-
acter of brain trauma.

At the end of the second week of observation, in
patients with TBI an average positive correlation (#=0,551)
between the percentage of apoptotic DNA comets and inte-
gral (single, double-strand breaks) index, and a strong pos-
itive correlation (7=0,70) between extracellular DNA and
integral index, were observed. These data suggest that both
production of extracellular DNA and apoptotic DNA
comets in white blood cells were associated with single and
double strand breaks on day 15. This means that

DNA of white blood cells that dyed by apoptotic
mechanism contributes to the amount of extracellular
DNA in circulation within indicated period.
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anonrtorndeckumu /IHK-komeramu u 7IByHUTEBbIMU pas-
pbIBaMu.

ITpu coueraruu TCT u UMT rubesb Gesbix KIETOK
KPOBM B IEPBYIO HEJEJIO TI0CJE TPABMbI ITPOUCXOIUT T10
anonTotTuyeckoMmy Mexanusamy. A nospesxzaenue JJTHK npu
3TOM WJIET B II€PBbIE 3-€ CYTOK MO MEXaHU3MY OJ[HO-, JIBY-
HUTEBBIX Pa3pbIBOB, a B JIAJbHENIIEM [TPEUMYIIeCTBEHHO
10 MEXaHU3MY J[BYHUTEBBIX Pa3pbIBOB.

¥ nocrpagasimux ¢ coueranHoil YMT+TCT Ha 15-e
CyTKU HAOJIIOIEHUSI OBBIIIEHHbIN YPOBEHb BHEKJIETOUHOI
JTHK umern cabyto crereHb MoI0KUTEIbHON KOPPeJISun
¢ wuexporuueckumu (r=0,359) u amomnToTHMYECKUMU
(r=0,419) JTHK-xomeTamMu U CPeHION ITOJIOKUTEIbHYIO
crenens koppessaiun (7=0,587) ¢ uHTErpaIbHbIM (OAHO-,
JIBYHUTEBbIE Pa3pbIBbI) MoKasaTeseM. Hapsay ¢ atum ot-
MeuyeHa BBICOKAs TOJIOKHUTEIbHAS CTEleHb KOPPEJAII
JIBYHUTEBBIX Pa3pbiBOB ¢ Hekporuueckumu (r=0,735) u
CPEe/IHSSl KOPPEJSAINOHHAS 3aBUCUMOCTD C arolTOTHYeC-
kumu (7=0,582) JIHK-xomeramu. Ilosydenmubie naHHbIe
CBUJIETEJILCTBYIOT O TOM, YTO HOBBIIIEHHOE COJEp:KaHue
BHeksietouHoit [[THK o6ycioBieHo Ha 15-e cyTKu Kak 3a
cuer nonaganus JHK u3 kireTok TpaBMUPOBAHHBIX TKa-
Heil, Tak u 3a cuer 3HauuTeabHoro Bkaaga [JHK Genbix
KJIETOK KPOBH, Pa3pylIaeMbIX 110 HEKPOTHYECKOMY U allol-
ToTuyeckomy Mexanuamam. [uaposus [THK Gesbix kieTok
KPOBM IPOMCXO/UT 110 MEXaHU3MY OJ/IHO- U JIBYHUTEBBIX
paspbiBoB ogHOBpeMenHO. [Tpu atom JIHK Gesbix kieTok
KPOBH [IAIOT 3HAYUTEJbHBIN BKJA/J B BBICOKUI yYPOBEHb
suekserounoit JIHK nmpu UMT+TCT na 15-e cytku Ha-
6uozterusi. O6pasoBaHUe HEKPOTUYECKUX U allONTOTHYEC-
kux JIHK-komer GesIbIX KJIeTOK KPOBH COMPSIKEHO C ABY-
HUTEBBIMU Pa3pPbIBAMHU.

8-rupokcu-2-1e30KCUTyaHO3UH U CYNIePOKCHIIU-
cmyrasa (CO/l) B muasme KpoBHM NOCTPAJAaBIIUX. YPO-
BEHb 8-TH/IPOKCH-2-/1€30KCUTYAH3MHA Y TOCTPAJABIINX
nocsie tpaBMbl B 1-e [1,3 (0,8; 2,2) nkr/mi, p<0,05], 3-u
[1,3 (0,71; 2,2) mkr/ma, p<0,05], 5-¢ [1,5 (0,77; 2,35)
nkr/mi, p<0,05] u 7-e [1,6 (0,7; 2,3) mkr/mi, p<0,05] cyT-
Ky HAOJII0IeHusT ObLI IOCTOBEPHO HUKE 3HAYEHUIT TPYIIIIbI
cpaBuenus [3,6 (4,4; 3,2) nkr/mi] (puc. 6). B iunamuke B
HepBble JIBe Hee I HAOIIOMEHs] OTMEYaeTCs OCTeeH-
HOE HE3HAYMTEJbHOE YBeJMYEHUE [AHHOTO IOKa3aTeJs,
KOTOPBIN K 15-M cyTKam HabJIIOIEHUsT BCE PABHO OCTAETCsI
HUKe HOPMaJIbHbBIX 3HaYeHuil moutu B 18a [ 1,5 (0,56; 2,90)
nkr/mit| pasa (puc. 6).

B ob1eit rpyiime noctpagaBuiux Moay4eHo 10CTO-
BEPHOE OTHOCHTEJIBHO KOHTPOJISI HOBBIIIEHUE YDPOBHS
CYNEPOKCUIUCMYTa3bl Ha BCEM MPOTSIKEHUU HabJII0/1e-
Hug (puc. 6).

KosnuectBo 8-ruppokrcu-2-1€30KCUTYaHO3UHA B
IJ1a3Me KPOBM TIOCTPAJABIINX B TIEPBbIE CYTKU MOCJIE
TpaBMbI He 3aBuceo oT oobema notepu kposu [KIT T CT
— 1,65 (1,28; 2,58) nkr/mur; KITIT CT — 1,08 (0,59; 1,46)
nkr/mu; KIT TIT CT — 1,30 (0,85; 3,13) nkr/mu; KIT IV
CT — 1,10 (0,71; 1,98) nkr/mii|, runIOKCUU [TUTTOKCHS
«t» — 1,45 (0,73; 2,43) nukr/mi; runokcun «-» — 1,40
(0,81; 2,10) mkr/mu], pa3Butusi UHGEKITUOHHBIX OCJIOK-
Henuil [mabeknus «+» — 1,25 (0,73; 2,13) nkr/mJ; uH-

On day 15 after trauma, in patients with brain trau-
ma a high negative correlation between the extracellular
DNA and necrotic DNA comets (r=-0,60), as bwell as
between the extracellular DNA and double-strand breaks
(r=-0,60), were revealed. The percentage of necrotic DNA
comet exhibited high positive correlation (#=0,709) with a
double-strand DNA breaks. These data indicate that ele-
vated levels of extracellular DNA in plasma of patients
with TBI as determined in the blood on day 15, might be
due to significant contribution of DNA by not apoptotic
rather than necrotic mechanism.

During this period, in patients with TBI, the necrot-
ic DNA comet were formed likely by the mechanism of
double-strand breaks.

In patients with SCT + TBI correlations between
the indicators of DNA damage were observed on days 3, 7
and 15. On the third day after the trauma, a correlation
between apoptotic DNA comets and single, double strand
breaks, as well as between double-stranded and single-,
double-strand breaks (7=526 and =659, respectively)
were determined.

On day 7 after the trauma mild correlations between
free DNA in plasma and double-strand breaks (r=307) and
between the free DNA in plasma and single, double-strand-
ed breaks (r=318) were revealed. In the same period, the
average degree correlation (r=532) between apoptotic
DNA comets and double-strand breaks was detected.

In patients with SCT and TBI, the death of white
blood cells on first week after the trauma occurs by apop-
totic mechanism. DNA damage in this case occurs during
first three days by amechanism that includes generation of
single-, double-strand breaks, and later mainly by the
mechanism linked to generation of double-strand breaks.

In patients with TBI + SCT on day 15 of observation
the increased level of extracellular DNA had a slight degree
of positive correlation with necrotic (r=0,359) and apop-
totic (r=0,419) DNA comets and high positive correlation
(r=0,587) with integral (single and double strand breaks)
index. There was also a high positive correlation of the level
of extracellular DNA in plasma and necrotic double-strand
breaks (7=0,735), and an average correlation of extracellu-
lar DNA AND apoptotic DNA comets (7=0,582).

The findings suggest that the increased content of
extracellular DNA day 15 might be explained by liberation
of DNA from cells of damaged tissues into circulation,
along with the significant contribution of DNA from white
blood cells damaged by necrotic and apoptotic mecha-
nisms. Hydrolysis of DNA occurs by the mechanism a sin-
gle breaks and double-strand breaks simultaneously. DNA
of white blood cells contributes significantly to the high
level of extracellular DNA in patients with TBI + SCT on
the 15th day of observation. Necrotic and apoptotic DNA
comets are associated with double-strand breaks.

8-hydroxy-2-deoxyguanosine and superoxide dis-
mutase (SOD) in blood plasma of patients

The levels of 8-hydroxy-2-deoxyguanosine in
patients after trauma on day 1 [1.3 (0.8, 2.2) pg/ml,
p<0.05], day 3 [1,3 (0,71; 2.2) pg/ml, p<0.05], day 5 [1.5

OBINAA PEAHMMATOAOTI WS, 2014, 10; 4

www.reanimatology.com

31



32

Injury. Blood loss

DOI: 10.15360,/1813-9779.2014.10.4.11-36

—#— Superoxyddismutase normal
value 36 (32; 38,4) ng/ml
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Puc. 6. Conep:xanue 8-runpoxcu-2-7e€30KCHIYaHO3HHA H CY-
HEePOKCUIMCMYTa3bl B IUIa3Me KPOBHU IIOCTPAZIABLINX.

Fig. 6. Content of 8-hydroxy-2-deoxyguanosine and superox-
ide dismutase in the patients' plasma.

Note (IIpumeuanue):

Stages of observation, days — arambl ucciegoBaHus, CyTKY;
Normal value — HopmasbHbie 3Hayerust, ng/ml — ur/mi; pg/ml —
nkr/mir; 8-hydroxy-2-deoxyguanosine — 8-ruapokcu-2-e3okcu-
ryanosuH; superoxide dismutase — cynepokcupmucmMyTasa.

* — p<0,05 — significant differences between the patient and the
control group (A0CTOBEPHbIE PA3IUYUs MEXKLY IPYIIION IOCTpa-
JIaBIINX U TPYIIION KOHTPOJLA).

dexmus «-» — 1,45 (1,07; 2,33) nkr/mia| u ucxona [Boi-
scumue — 1,30 (0,99; 2,25) nkr/mi; ymepiive — 1,10
(0,7; 2,20) nkr/mit| TpaBMBbI.

YpoBenb 8-THAPOKCH-2-/1e30KCUTYaHO3UHA B TIep-
Bble CYTKHU TOCJe TpaBMmbl y moctpagasimmx ¢ UMT [1,5
(0,95; 2,20) nixr/mu] GbLI BBIILIE TI0 CPABHEHUIO C APYTUME
sumgamu [TCT — 1,15 (0,78;1,60) nkr/mm; TCT+UMT —
1,10 (0,73; 2,30) nkr/mit| TpaBmbl. IIpu aTOM aKTUBHOCTH
CynepoKcuaAncMyTaspl y nocrpagasiumx ¢ YMT Gbiia Hu-
ke [98,0 (67,0; 161,0) ur/ma, n=19], yem npu TCT [242
(198; 303,5) ur/mia, n=4] u TCT+UMT [164 (114; 348)
ur/mi, n=17].

[Tosmryuens! 10CTOBEPHDbIE PA3IUYHUS IO YPOBHIO 8-
TUIPOKCHU-2-/Ie30KCUTYAHO3UHY B TPYIIE MOCTPaaaB-
mmx ¢ KIT T CT mexay 1-mu [1,65 (1,28; 2,58) mikr/mi|
u 15-mu [3,20 (2,10; 3,65) nxr/ma, p<0,05] cyTkamu Ha-
Guoerust. Masibie 060beMbl IOTEPU KPOBY U OTCYTCTBHUE
IUIIOKCHE CIIOCOOCTBYET BOCCTAHOBJIEHUIO KOJIMYECTBA
8-TuapoKCcH-2-1e30KCUTyaHO3MHA K KOHILY BTOPOI He/le-
1 HaOJIIoLeHUA.

Oxucaenne ryannna B moJiekyse [JTHK conpsikeno
€O CBOOOIHO-PAJUKAIBHBIMU MPOIECCAMU B KJIETKAX U
[PUBOJAUT B TOM 4HUCJe K 0O6pa3soBaHUIO 8-rujipoKcu-2-
JIe30KCUTYaHO3MHA. B miasme KpoBu 8-THIPOKCU-2-71e3-
OKCHUTYaHO3UH TOSIBJSIETCS BCJEACTBUE IKCIU3MOHHON
pernapanuy OCHOBAHWIL. YBeJWYeHHe KOHIEHTpaIuu 8-
THIPOKCU-2-€30KCUTYAHO3WHA B T1JIa3Me KPOBHU CUUTA-

(0.77, 2.35) pg/ml, p<0.05] and day 7 [1,6 (0,7; 2.3) pg/ml,
p<0.05] post-trauma were significantly lower than in the
control group [3.6 (4.4, 3.2) pg/ml] (Fig. 6).

During two weeks of observation there was a gradual
(slight) increase in its values, and until day 15 of observa-
tion it was still lower than normal values almost 2-fold [1.5
(0.56, 2.90) pg/ml] (Fig. 6).

In the general group of patients a significant increas-
es of superoxide dismutase during all period of the obser-
vation in comparison to the control level were identified
(Fig. 6).

The level of 8-hydroxy-2-deoxyguanosine in
patients plasma on the first days after trauma did not
depend on the amount of blood loss [T DBL — 1.65 (1.28,
2.58) pg/ml; I1 DBL — 1.08 (0.59, 1.46) pg/ml; I1I DBL —
1.30 (0.85, 3.13) pg/ml; IV DBL — 1.10 (0.71, 1.98)
pg/ml], severity of hypoxia [hypoxia «+» — 1.45 (0.73,
2.43) pg/ml; hypoxia «-» — 1.40 (0.81, 2.10) pg/ml], devel-
opment of infectious complications [infection «+» — 1.25
(0.73, 2.13) pg/ml; infection «-» — 1.45 (1.07, 2.33) pg/ml]
and outcome [survivors — 1.30 (0.99, 2.25) pg/ml; decased
patients — 1.10 (0.7, 2.20) pg/ml].

The level of 8-hydroxy-2-deoxyguanosine in the first
days after trauma in patients with TBI [1.5 (0.95, 2.20)
pg/ml] was higher as compared to other types of trauma
[SCT — 1.15 (0, 78, 1.60) pg/ml; SCT+TBI — 1.10 (0.73,
2.30) pg/ml]. The activity of superoxide dismutase in
patients with TBI was lower [98.0 (67.0, 161.0) ng/ml,
n=19] as compared to the SCT [242 (198, 303.5) ng/ml,
n=4] +, and SCT+TBI [164 (114, 348) ng/ml, n=17].

Significant differences were obtained in the level of 8-
hydroxy-2-deoxyguanosine in the group of patients with I
DBL between first [1.65 (1.28, 2.58) pg/ml] and 15th [3.20 (2
10, 3.65) pg/ml, p<0.05] days of observation. Small amounts
of blood loss and the absence of hypoxia seemed to contribute
the restoration of the amount of 8-hydroxy-2-deoxyguano-
sine by the end of the second week of observation.

Oxidation of guanine in DNA conjugates with free-
radical processes in the cells and leads to the formation of 8-
hydroxy-2-deoxyguanosine. In the blood plasma 8-hydroxy-
2-deoxyguanosine molecules appear due to excision repair of
bases. Increase in concentration of 8-hydroxy-2-
deoxyguanosine in plasma has been shown to be one of the
key biomarkers of oxidative distress in cells and tissues [22].

Nearly threefold reduction in comparison with control
in the concentration of 8-hydroxy-2-deoxyguanosine plasma
patients with trauma might be associated with the activation
of a mechanism of reparation of 8-hydroxy-2-deoxyguano-
sine inclusions into DNA by a long reparation pathway. As a
result, a certain portion of the blood plasma contained 8-
hydroxy-2-deoxyguanosine is represented by an oligonu-
cleotides composition and cannot be detected by ELISA that
detect free moleules of 8-hydroxy-2-deoxyguanosine.

It is necessary to conduct further simultaneous stud-
ies of level 8-hydroxy-2-deoxyguanosine and lipid peroxi-
dation as biomarkers of «oxidative distress» in patients
with trauma to justify the advisability of antioxidant ther-
apy in these patients.
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eTcd OJHUM 13 OMOMapKepOB OKMCAUTENbHOTO JUCTPEC-
ca B KJIeTKaX U TKaHax [22].

TToutn TpexkpaTHOE, TI0 CPAaBHEHUIO C KOHTPOJIEM,
CHUKEHYE KOHIIEHTPAIUU 8-TUAPOKCHU-2-1e30KCUTYaHO3H-
Ha B IIJIa3Me KPOBHU TTOCTPAJABIINX C TPABMON MOKET ObITh
CBSI3aHO C aKTUBAI[Uel perapaium 8-rujipokcu-2-1e30Kcu-
ryanosuHa 1o Mexanuamy long path repair (pemaparus
JUIMHHBIMU (pparmeHTamMu). B pesysibrate B 1jiasme KpoBU
orpe/ie/ieHHas 4acTb OTPENapUpPOBAHHOTO 8-THIPOKCHU-2-
JIE30KCUTYaHO3WHA MPeJICTaBJIeHa B COCTaBe OJIMTOHYKJIE0-
JIATOB ¥ He MOJKET ObITh JeTEKTHPOBAHAa UMMYHO(DEPMEHT-
HBIM METOJIOM.

Heob6xoaumo B gaabHEiIeM IpoBeAeHre OIHOBPE-
MEHHOTO MCCJIe/IOBAHUS YPOBHS 8-I'TAPOKCH-2-/1€30KCUTY-
AHO3MHA U TIEPEKUCHOTO OKMCIEHUA JUINI0B KaK OroMap-
KEpPOB «OKUCJIMTETHHOTO AMCTPECCa» y MOCTPAAABIINX C
TpaBMOH it 0O0CHOBAHUS 11eJeCO00Pa3HOCTH Ha3Hayue-
HUSA aHTHOKCUIAHTHON Tepanuu aTuM GOJIbHBIM.

BoiBobI

1. BbIsiBJIEHO IOBBIIIEHNE COJAEPKAHUS CBOGOI-
noit /IHK B mrasme KpoBM 0CTPaiaBIINX € OTHOCUTEb-
HO KOHTPOJISI Ha IIPOTSIKEHUU BCETO Tiepuoa Habioe-
Husg. B rTedenume mepBoil Hemenu HabMOAEHUS HMeeT
MecTO yBeandenue koandectsa csoboanoil JIHK B maas-
Me, 4TO OOYCJIOBJIEHO €€ TOCTYILIEHHEM U3 KJIETOK, 110-
BPE’K/JEHHBIX B pe3ysbrarte TpaBMbI TkaHell. llocrenen-
HOe CHWKeHHe Koaudectsa csobognoit [JHK B mmasme
[OCTPA/IABIINX B TEUEHUE BTOPOI HEJEJH TT0CIe TPABMbI
CBUJIETEILCTBYET 00 YMEHBIIEHUU €€ IOCTYIJIEHUs] U3
TPAaBMUPOBAHHBIX TKAHEI, yBeJIMUEHUE €€ 3IMMUHAIIN
u3 0011ero KpOBOTOKA.

2. B mepBble Be HeegN TOCJIE TPABMbI OTMEYEHO
yBesimyenne [JHK-noBpexaennii 1 ycusienune mpoieccoB
ru6esu GesbIX KJIETOK KPOBU IO HEKPOTUYECKOMY 1 alloll-
TOTUYECKOMY MEXaHU3MY Y ITOCTPA/IABIINX C PA3JTMUYHBIMU
BUJIAMU TPaBMBbI, YTO, BO3MOJKHO, CBS3aHO C AKTHBHBIM
yYacTHeM JIEHKOIUTOB B TIPOleccax yAaJeHnus POIYKTOB
KJIETOYHOTO PACIIa/ia OBPEKICHHBIX B Pe3YJIbTaTe TPABMbI
TKaHel 1 MpeaynpexRAeHIs Pa3BUTHA MHPEKIMOHHBIX 0C-
JIO)KHEeHUI.

3. Tubesb GebIX KIETOK KPOBU Y MOCTPAAABIINX C
TPABMOU 110 HEKPOTUYECKOMY IIyTU HE 3aBUCUT OT 0ObeMa
[oTepyu KPOBU M CTEIEHU TUIIOKCHM, B TO BpeMs Kak I10
AINlONTOTUYECKOMY MEXaHU3MY BbISIBJICHA 3aBUCUMOCTD TH-
HOKCUU U MHTEHCUBHOCTH THOEIU JIEWKOUUTOB Yy 3THUX
GOJIBHDIX.

4. BeposTHOCTH pazBUTHUS NH(PEKIITUMOHHBIX OCJIOXK-
HEHUH y MOCTPa/IaBIINX C TPABMOI IIPU KPOBOIIOTEPE U TU-
[MOKCUM ONpeesseTcss KOJIUYeCTBOM HEKPOTUYECKUX
JIHK-xomeT 1 3HaYeHUSIMU MHTErPATIbHOTO [TOKA3aTe s Ha
3-i1 zmenb mocse TpaBMbl. HesHauuTesbHOE yBeJnveHUe
(OTHOCUTEIHHO MEPBBIX CYTOK) KOJTMYECTBA HEKPOTUYEC-
kux /JTHK-komeT n 3HaueHMiT MHTErPaJIbHOTO ITOKA3aTEs
Ha 3-1 jieHb HaGJIIOEHUS CILY/KUT [LII0XUM [TPOTHOCTUYEC-
KMM IPU3HAKOM BO3MOJKHOTO Pa3BUTHS MH(MEKIIMOHHBIX
OCJIOKHEHUIT y 9TUX GOJIbHBIX.

Conclusion

1. Elevated level of free DNA in the blood plasma of
patients in comparison with control group was revealed during
all period post-trauma. During the first week after the trauma,
free circulating DNA in plasma increased due to the output
from damaged cells by trauma of tissues. Gradual decrease of
free DNA in patients' plasma during the second week after
trauma demonstrates a decrease of output from damaged tis-
sues and an increase in its elimination from the bloodstream.

2. During the first two weeks after the trauma,
there was an increase of DNA damage and increased death
of white blood cells by necrotic and apoptotic mechanism
in patients with different types of trauma that might be
associated with the active participation of leukocytes in
the process of removing of cells, dissolution of damaged tis-
sues and prevention of infectious complications.

3. Death of white blood cells by necrotic mecha-
nism in patients does not depend on the amount of blood
loss and the degree of hypoxia, whereas there is a correla-
tion between the hypoxia and intensity of leukocytes
death by apoptotic mechanism.

4. Chances of infectious complications in patients
with trauma and blood loss and /or hypoxia might be evalu-
ated by quantifying the percentage of necrotic DNA comets
and integral index values on the third day after the trauma.
Slight increase (when compared to the first day post-trauma)
in relative amount of necrotic DNA comets and integral
index values on the third day of observation is considered as
a bad prognostic marker demonstrating the increased
propensity of developing infectious complications later.

5. The increases in numbers of necrotic DNA comets
and integral index values (single, double- breaks of DNA) on
the third day after trauma in patients with massive blood
loss and severe hypoxia is considered as a good prognostic
marker that suggests a lower propensity of developing infec-
tious complications in post-trauma patients.

6. The levels of apoptotic DNA comets derived from
white blood cells on the first day after the trauma depend
on the amount of a blood loss and the degree of hypoxia.
Absence of hypoxia (normal four clinical laboratory para-
meters and a small amount of blood loss) in patients with
trauma leads to a multiple increase in numbers of apoptot-
ic DNA comets on the first day after the trauma. In
patients with hypoxia and a large amount of blood loss the
amount of apoptotic DNA comets was within normal lim-
its on admission in intensive care unit.

7. There is no correlation between developments of
infectious complications in patients with trauma and the
numbers of apoptotic DNA comets on day 1 after the trauma.
Decrease in apoptotic DNA comets on day 5 post-trauma
(compared to day 1) might represent indirect diagnostic cri-
terion of an infectious complication developed in patients
with trauma regardless presence or absence hypoxia (as
determined by four conventional clinical laboratory parame-
ters). Multiple increase in numbers of apoptotic DNA comets
from the 1st to the 5th day of observation might serve as an
additional diagnostic criterion of the absence of an infectious
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5. YBesnunuenwue xosmdectBa Hekpormueckux JJHK-
KOMeET, 3HaYyeHUl UHTEeTPaJIbHOTO 1oKa3aress (OfHO-, IBY-
nuresble pa3poiBbl JHK), Ha 3-u cyTku nocsie TpaBMbl 1pu
MaCCUBHOII KPOBOTIOTEPE U BBIPAKEHHOU TUIIOKCUU CJIY-
SKUT XOPOITMM TIPOTHOCTUYECKUM TIPU3HAKOM, 1TO3BOJISIO-
UM TPE/ITOTIO0KUTD MAJIYIO CTEIIeHb BEPOSITHOCTU Pa3BU-
THSL y 9TUX GOJIBHBIX MH(MEKIIMOHHBIX OCJIOKHEHUIL.

6. Kommuecrso amonrormueckux JJHK-komer Ge-
JIBIX KJIETOK KPOBH B [EPBBII JIEHb 110CJIE TPABMBI 3aBHCUT
or o6beMa MoTepu KPoBH U crenenu runokcuu. Oreyrer-
BHe€ TUNOKCHN (110 4-M J1abOPaTOPHBIM ITOKA3aTesIsIM 1 Ma-
JIBI 00beM TI0TepU KPOBU) Yy MOCTPaaBUIMX ¢ TPaBMOMN
MPUBOJUT K MHOTOKPATHOMY YBEJIMYEHHUIO KOJINYECTBA
anontorudeckux JIHK-komer J1eiiko1iuToB B 11epBbIil /IeHb
rocJie TpaBMbl. Y OOJIBHBIX ¢ TUIOKCHI U 60JIbIINM 00be-
MOM TOTEPU KPOBU KoJsimyecTBO aronrorundecknx JHK-
KOMeT OeJIbIX KJIETOK KPOBH OCTAeTCsl B IIPejiesiaX HOPMbI
[P MOCTYIVIEHUH TTOCTPAJABIINX B PEAHMMATOJIOTHYEC-
KOe OT/IeJIeHHe.

7. He BbIABIEHO 3aBUCUMOCTH MH(MEKIIMOHHBIX OC-
JIO)KHEHU y TIOCTPAIaBIINX € TPaBMOU OT KOJMYecTBa
anontorndeckux /{HK-komer B 1-i1 1eHp mocse TpaBMBbL.
Ymenbiienne anontornueckux JHK-xomer na 5-i1 nenn
Habsonerus (OTHOCUTEIBHO TIEPBOTO JIHS) MOXKET ObITh
KOCBEHHBIM JINATHOCTUYECKUM KPUTEPUEM Pa3BUTHS WUH-
(heKIMOHHBIX OCJIOKHEHUN y TOCTPAMABIINX C TPABMOIt
HE3aBUCUMO OT HAJIMYUSA WM OTCYTCTBUS IPU3HAKOB T'M-
nokcuu (1o 4-M J1abopaTopHBIM TOKazaresim). MHoro-
KpaTHoe yBeJnmueHne Kosuuectsa anonrorndecknx JHK-
KoMeT ¢ 1-ro mo 5-il jgeHb HaGJIIOHEHUs MOKET ObITh
KOCBEHHBIM /IMaTHOCTHYECKUM KPUTEPHEM OTCYTCTBUS UH-
(heKIMOHHBIX OCTOKHEHUH Y MOCTPAIABIINX C MACCUBHOI
KPOBOIIOTEPEii 1 BBIpaKEHHOI Tuiiokcueil (1o 4-m gabopa-
TOPHBIM TT0KA3aTEJISAM).

8. Boissiiennl pazinuns B yposuax JIHK-nospesxk-
JIEHUI, AIONTO3a ¥ HEKPO3a B GEJIBIX KIETKAaX KPOBU Y 10~
crpazaBiumx ¢ YMT u TCT. Maurbrii, n yarie 3aKpbIThIi,
06beM 4ePETHO-MO3I0BOU TPABMBI IIPOSIBJISIETCSI IOCTOSTH-
HBIM B TEUYEHUE JBYX Helleb HAOJIOIEHUsT YDOBHEM U3Me-
wenuit [JJHK-nospesxaennii. MaccuBHble TOBPEKICHUS
KOCTeH 1 TKaHe Mpu TsKeJI0M COueTaHHON TpaBMe COTIPO-
BosKIaeTcst boiiee BoipakeHHbIME n3MeHeHusimu JTHK-mo-
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complication in patients with massive blood loss and severe
hypoxia (as determined by four laboratory parameters).

8. There are differences in the levels of DNA damage,
apoptosis and necrosis in white blood cells in patients with
TBI and SCT. Small and often closed size of traumatic brain
injury is manifested by constant changes in the level of DNA
damage during the first two weeks post-trauma. Massive
damage of the bones and tissues in patients with severe com-
bined trauma accompanied by more pronounced changes in
DNA damage in the first week after the trauma and gradual
decrease in DNA damage on the second week.

9. There is a 3-fold reduction in the concentration
of 8-hydroxy-2-deoxyguanosine plasma with trauma
patients, accompanied and possibly caused by increased
number of of superoxide dismutase molecules in leukocytes
and/or circulation.
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BPEXK/CHUI B TIEPBYIO HEJEJIIO TIOCJIE TPABMBI U TIOCTETICH-
HBIM CHIDKeHHeM nokasateneil [|HK-noBpexnennii — Bo
BTOPYIO HEJeJIO.

9. BbIsBIICHO TpeXKpaTHOE CHYKEHHME KOHI[CHTPA-
uu 8-TUIPOKCHU-2-7e30KCUTYHO3MHA B T1JIa3Me KPOBH 110-
CTPa/IaBIINX C TPABMOI, COIIPOBOKIAAIOIIEECS 1, BO3SMOKHO,
00yCJIOBJIEHHOE YBEIMUEHUEM KOJIMYECTBA CYIIEPOKCUIIIU-
CMYTas3bl.
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