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Pe3rome

Ilens ucciieqoBaHUA — U3YUYUTh IPOTUBOBOCIIATIUTEIbHOE eMICTBYE XJI0pU/Ia JIUTHUSA ITyTeM BO3IEeH-
CTBUSI HAa HEUTPO(UJIbI 4eJI0BEKa CbIBOPOTKHU ITAIIMEHTOB C CEITUYECKUM LLIOKOM IR Vitro.

MarepuaJn u MeTobl. lccienoBanue IpOBOAU/IN HA BblIeJIEHHBIX 13 KPOBU 6 3[0POBBIX JOHOPOB Hell-
Tpoduiiax, KOTOpble aKTUBUPOBAJIX C IOMOIIBIO CBIBOPOTKY ITALIMEHTOB C CEIITUYECKUM IIIOKOM, I10CJIe Yero
OLIEHUBAJIU UX aKTUBHOCTBH C IMTOMOIIHIO (PJIyOpPECIeHTHBIX aHTUTEJI K MapKepaM nerpanyisainuu CD11b u
CD66b. YpoBeHb aronrosa u HeKpo3a HeUTPOo(HUI0B YeJ0BEKA OIEHNBAJIN Yepes 22 Jaca 1ocJje Bhljesie-
HUST; KOJTMYECTBEHHAS OIleHKa Oblya TpOoBeJieHa C MCII0Ib30BaHNeM aHHEKCHHA V 1 HOAMCTOTO PO
Ha IPOTOYHOM ITTO(IyoprMeTpe. IHTaKTHBIE M aKTUBHPOBaHHbIE HEUTPO(d MBI 06pabaThIBaIN pacTBO-
poM xsopua JuTusd B Konnentpanusx 0,3; 3,0 1 9 MMoJIb.

Pe3yabTaThl. YpoBeHb aKkcipeccuu CD11b Ha IOBEpXHOCTH MHTAKTHBIX HEHTPO(UIIOB (310POBLIE J0-
HOpBI) cocTtaBu 3434,50 [3311,0-3799,0] yC/IOBHBIX efuHUIL (pryopectieHuu (y.e.d.). MTHKyOanuss HeuTpo-
duI0B € CHIBOPOTKOU KPOBU MTAIMEHTOB C CEITUYECKUM IIIOKOM yBesuuuBasa skcupeccuio CD11b B 2,5
pasa—8589,0 [7279,0-11258,0] y.e.d. (p=0,005) B cpaBHEHUH C UHTAKTHBIMU JIEIKOIIUTAMH, U YBeJIU4YUBaJIA
akcrpeccuio CD66b B 2,7 pasa mo 27 600,0 [22 999,0-28 989,0] y.e.d. (p=0,005) B cpaBHEHUM C HUHTAKTHBIMU
HedTpoduaamu. JINTUA XJIIOPUJ JO303aBUCUMO B KOHIIeHTparusax — 0,3 MMouib, 3,0 1 9,0 MMOJIb CHUSRAJT
YPOBeHb aKcIpeccuu MoJsekysa1 CD11b u CD66b Ha TOBEpXHOCTH aKTUBHUPOBAHHBIX HeUTpoduaoB. CenTu-
4yecKasl CbIBOPOTKA YMeHbllIasla CIIOHTAaHHbBIHM allonTo3 HeUTpo(duIoB, a pacTBOp JIUTUA XJI0pHUAaA B 103€e 3
MMOJIb U BbIIIle HHAYIIMPOBaJ CIIOHTAHHBIN allOIITO3 HEUTPO(DUJIOB.

3akJarodyeHue. XJIOpUJ JUTHUSA CHUDKAET CTelleHb aKTUBALMY HeUTPo(hUI0B, IpegBapuTe/IbHO AKTUBU-
POBAHHBIX CBIBOPOTKOM MAIUEHTOB C CEITUYECKUM IIIOKOM, CHHKAET YPOBEHD aKcpeccuu MoJsiekya CD11b
1 CD66b Ha MOBepXHOCTH HEUTPO(DUIOB, MHIUOMPYS IMTPOIECC MX aKTUBAIINHY (TeTrpaHy/IAnun). JINTHA XJ10-
pY/a B KOHIIEHTPANHH 3 MMOJIb U BBIIIIE CIIOCOOEH MHAYIIPOBATh CIIOHTAHHBIN allONTO3 HEUTPO(DUIOB, aK-
TUBUPOBAHHBIX CBIBOPOTKAMU IMTalIMEHTOB C CEIITUYE€CKUM IIOKOM.

Knrouesvte cnoea: cenmuueckull Wok; anonmos Heiimpogunos; aumus xaopud; CD11b; CD66b; eauko-
2eHcuHmasa xunasa-3f; GSK-3p

Summary

The aim of the study: to examine the anti-inflammatory effect of lithium chloride by exposing the human
neutrophils to serum of patients with septic shock in vitro.
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Experimental Studies

Material and methods. The study was carried out on neutrophils extracted from the blood of 6 healthy
donors, which were activated with serum from patients with septic shock. The neutrophil activity was evaluated
with fluorescent antibodies to the CD11b and CD66b markers of degranulation. The level of human neutrophil
apoptosis and necrosis was assessed 22 hours after extraction; quantitative assessment was made using an-
nexin V and propidium iodide with flow cytofluorimetry. Intact and activated neutrophils were treated with
0.3, 3.0 and 9.0 mmol lithium chloride solution.

Results. The level of CD11b expression on the surface of intact neutrophils (healthy donors) was
3434.50 [3311.0-3799.0] arbitrary fluorescence units (AFU). Incubation of neutrophils with serum of patients
with septic shock increased CD11b expression 2.5 times to 8589.0 [7279.0-11258.0] AFU (P=0.005) vs intact
leukocytes, and increased CD66b expression 2.7 times up to 27 600.0 [22 999.0-28 989.0] AFU ((P=0.005) vs in-
tact neutrophils. Lithium chloride in concentrations of 0.3, 3.0 and 9.0 mmol in a dose-dependent manner re-
duced the level of expression of CD11b and CD66b molecules on the surface of activated neutrophils. Septic
serum reduced spontaneous neutrophil apoptosis, and 3.0 mmol and higher lithium chloride solution induced
spontaneous neutrophil apoptosis.

Conclusion. Lithium chloride reduces the activation of neutrophils preactivated by serum of patients with
septic shock, reduces expression of CD11b and CD66b molecules on the neutrophil surface, inhibiting the pro-
cess of their activation (degranulation). Lithium chloride in concentration of 3.0 mmol and higher is able to

46

induce spontaneous apoptosis of neutrophils activated by serum of patients with septic shock.

Keywords: CD11b; CD66b; lithium chloride; GSK-3B; glycogen synthase kinase 3(; septic shock; neutrophil

apoprosis
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BBenenue

CHUHJIpOM CHUCTEMHOIO BOCIAJINUTEJIBHOTO
orBera (CCBO) BO3HUKaeT NpPU MOBPEKIAEHUU,
BBI3BAaHHOM KaK BO3JelicTBueM O0aKkTepuaTbHBIX
WJIM BUPYCHBIX ar€HTOB, TaK U TsKeJIOH coueTaH-
HOH TpaBMOH, 0KoraMu, ollepaTUBHBIMU BMellla-
TeJbCTBaMU OoJiblIOTO oObema [1]. BeipaskeH-
HocTb CCBO  3aBuUCHUT OT  I[POAYKLIHUU
IIPOBOCHAJINTEIbHBIX U IPOTUBOBOCIAIUTEIHHBIX
IIUTOKUHOB, aKTUBAllMM HEUTPO(DUJIOB U MaKpO-
(haros, ¢ nocaeayomUM X NPOHUKHOBEHHEM
yepes rucroremMaruyeckye 0apbepbl U UH(PUIIBT-
paumeil TkaHell opraHoB-MuIleHei [2, 3], 4To
AIBJIAETCA MPUYNHOM [TOJIMOpraHHON He10CTaToy-
HOCTH, SIBJIAIOIIENCS Ha CErOAHAIIHUN IeHb
OCHOBHOH IPUUYNHON JIeTaTbHOCTH NAllUeHTOB B
peaHMMalMOHHBIX OTJAeJeHusX. B pasButuu u
paspelIeHny BoCHaJleH!s BayKHYIO POJIb UT'PAIOT
HelTpodu/bl. IMMyHHBIN OTBET Ha NH(EKIUIO U
IOBpesKAeHNe TKaHell HalpaB/ieH Ha yjajeHue
MIOBPEYKJAIOIIEero areHTa, BOCCTaHOBJIEHHE TroMe-
ocTasa u 6epeT cBOe HayaJo C BblesIeHUs Hell-
TpoduIamMu MpoBoCIaINTETbHBIX U IPOTUBOBOC-
HaJuTeJIbHBIX IUTOKUHOB [4].

BenkoBeie MoJiekysnsl CD1lb u CD66b
ABJIAIOTCA HauOoJiee M3yYeHHBIMU MapKepamu
CCBO, HaxogAMMMUCSI BO BHYTPUKJIETOYHBIX Ipa-
HyJ1ax HelTpoduios. BocnanureabHble CTUMYJIBI
CIIOCOOCTBYIOT CJIMSHUIO TPAHYJI C IIUTONIa3MaTH -
yecKoi MeMOpaHoH, B pe3y/IbTaTe 4ero MoJIeKyJ/Ibl
CD11b u CD66b akcrioHNpyIOTCA Ha TOBEPXHOCTHU
KJeToK (puc. 1). JlaHHBIA Tpollecc MOJYUUT
Has3BaHUe erpanyasanuu. MasectHo, uro CD11b
criocoOeH B3aMMOAENCTBOBATh C pellelTopaMu
ICAM-1 Ha 9HIOTEJINH, YTO 00ecHeYnBaeT ajare-
3110 HEUTpo(uUI0B K aHAO0TEIHATBHOMY Oapbepy
U JasbHelllllee UX IPOJBUsKEHNE K o4ary Boca-

Introduction

Systemic inflammatory response syndrome
(SIRS) occurs in response to the damage caused by
exposure to bacterial and viral agents, as well as se-
vere combined injuries, burns and major surgical
interventions [1]. Severity of SIRS depends on pro-
duction of proinflammatory and anti-inflamma-
tory cytokines, activation of neutrophils and
macrophages, their subsequent penetration
through the blood-tissue barriers and infiltration of
target organ tissue (2, 3], which can result in multi-
organ failure, being the leading cause of death in
patients in intensive care units. Neutrophils play an
important role in the development and resolution
of inflammation. The immune response to infec-
tion and tissue damage aims to remove the damag-
ing agent, restore homeostasis, and starts with the
release of pro-inflammatory and anti-inflamma-
tory cytokines by neutrophils [4].

The protein molecules CD11b and CD66b lo-
cated in intracellular neutrophil granules are the
most studied markers of SIRS. Inflammatory stim-
uli promote fusion of granules with cytoplasmic
membrane and cause exposition of CD11b and
CD66b molecules on the cell surface (Fig.). This
process is called degranulation. CD11b is known to
interact with endothelial ICAM-1 receptors ensur-
ing the adhesion of neutrophils to the endothelial
barrier and their further advancement to the in-
flammation zone [5]. The CD66b molecule is asso-
ciated with neutrophil aggregation [6].

Expression of CD11b and CD66b molecules is
consistently increased in patients with sepsis of
various causes, and their level assessment has long
been used in clinical diagnostics [7, 8].

Excessive immune response associates with
over-activation of neutrophils and other immune
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Intact neutrophil

stimuli

Pro-inflammatory

CD66b

Activated neutrophil

CD11b

I NTu ICAM_I-'

Endothelium

AKTHBaUMA HEUTPO(MHUIOB U IKCIIPECCHsI UMHU MoJieKyJ aare3un CD11b (kpacHslii TpeyroasHuk) u CD66b (3esensblii Tpe-

YTOJIBHHMK) MO/ JeHCTBHEM BOCHAJIHMTEIHHOI0 CTUMYJIA.

Activation of neutrophils and expression of the CD11b (red triangle) and CD66b (green triangle) adhesion molecules after ex-

posure to a pro-inflammatory stimulus.

Note. [CAM-1 — Inter-Cellular Adhesion Molecule, expressed on endothelium.
IIpumeuanue. [CAM-1 — anni. Inter-Cellular Adhesion Molecule, Mosieky/ia KJI€TOYHOM aiIre3Uu, KOTOPAst 9KCIPECCUPYETCS 9H-
noresueM; intact/activated neutrophil — nHTaKTHBIN/aKTHBUPOBaHHBIN HEHTPOodMI; pro-inflammatory stimuli — BocniasuTess-

HbI€ CTUMYJIBI.

JgeHus [5]. MoJjiekysia CD66b cBsizaHa ¢ arperaiu-
el HeUTpouUJIoB [6].

B KIMHWYECKOU NTUAarHOCTUKE JOCTATOYHO
JIaBHO IIPUMEHSETCS OIpejiejieHue 3KCIIPeCcCuu
Mostekyn CD11b u CD66b, ypoBeHb KOTOPBIX
JIOCTOBEPHO ITOBBIIIAETCS Y MAMEHTOB IIPH CE-
cuce pa3JIMYHOro resesa (7, 8].

VI30BITOYHBIN IMMYHHBIA OTBET COIIPOBOSK-
JlaeTcsl Ype3aMEePHON aKTUBAIMed HEUTPOPUIIOB,
a Tak)Ke PYTUX KJIeTOK MMMYHHOHW CHCTEMBI U
M30BITOYHBIM CHUHTE30M IIPOBOCIATUTETHHBIX
IIUTOKWHOB, TPUBOJAAIINX K Pa3BUTHIO TAKOTO
OTIAaCHOTO SIBJIEHUS, KaK «I[MTOKUHOBas Oypsi».
OHa HepeJgKO CONPOBOKIAETCS MOCJEIYIOIIUM
pasBUTHEM «MMMYHHOI'0 IIapajnyda», KOTOPBIH, B
CBOIO OUYepe/ib, sIBJISIEeTCS IPUYMHON yBeJInUeHnsI
YHCJIA OCJIOKHEHUH 1 JIeTaJIbHOCTHU y TALIUEHTOB,
HaXOZAIIMXCS Ha JIeYeHUH B ITajlaTe UHTEeHCUBHON
Tepanuu [9].

B aTo#i cBsA3M BaskHelIel 3amaveil coBpe-
MEHHOU peaHUuMAaToJIOTUHU SIBJISETCS IOUCK IIpe-
[1aparoB [Ji1 KYIMPOBaHMsI FUIIEPAKTUBUPOBAH-
HOT'O COCTOSTHUASI UMMYHHOH CHCTEMBI.

TabJieTnpoBaHHBIN ITperapar, OCHOBOM KOTO-
pOro ABJSAIOTCA COJU JUTHA (KapOOHAT JINTHS,
cellajiuT), OTPAHUYEHHO, HO AJIUTEJIbHOE BpeMs
HCI0JIb3YeTCs (B IICUXUATPUU), IIPEKIE BCETO -
JUIS1 JledeHUs1 MaHUaKaJIbHbIX U TUIIOMaHUAKAJIb-
HBIX (pa3 OUIOJISIPHOTO ap(PEeKTUBHOTO PACCTPOI-
crBa. OgHAaKo, B IIOC/eJHee BpeMs HaKOIIUJIOCh
JIOCTaTOYHO HOBBIX [AaHHBIX O €ro BBICOKOH
3 (PeKTUBHOCTHU MPU KPUTUUECKUX COCTOSHUSX,

cells with excessive production of pro-inflamma-
tory cytokines, leading to potentially lethal «cy-
tokine stormn. It is often followed by «immune
paralysis», which causes an increase in morbidity
and mortality in patients of intensive care units [9].

In this regard, the search for drugs to relieve
the immune hyperactivation is an important chal-
lenge of contemporary intensive care.

The tablet preparation based on lithium salts
(lithium carbonate) has been used for a long time
(with some limitations) in psychiatric practice pri-
marily to treat manic and hypomaniacal phases of
bipolar affective disorder. However, recently there
has been sufficient evidence of its high efficiency in
ischemia/reperfusion conditions. Lithium ions play
a major role in neutralizing the effects of oxidative
distress associated with a wide range of diseases
(e.g., myocardial infarction, stroke, severe com-
bined trauma). Lithium salts have distinct cytopro-
tective properties due to the ability to phosphory-
late glycogen synthase kinase-3 beta (GSK-3p)
causing its inactivation and preventing cell death
as a result of ischemia-reperfusion [10-12]. Recent
experimental studies have proven the real potential
of lithium chloride to protect the brain, my-
ocardium, and kidneys from ischemia-
reperfusion [13-15]. In previous studies lithium
salts were shown to prevent inflammatory damage
to cells and tissues in the in vivo models of inflam-
mation-associated diseases [16-18]. Lithium is
known to suppress neuroinflammation developing
after brain injury and prevent the blood-brain bar-
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00ycI0BJIEHHBIX UllieMuel/ penepdyaneii. OCHOB-
HYIO pOJIb MOHAM JIUTHUS OTBOJSAT B HeUTpaauaa-
MU MOCJIeICTBUI OKUCJIUTEJBHOTO JUCTPEcca,
COTNYTCTBYIOIIETO DOJBIIOMY PNy 3ab0/IeBaHUN
(HanmpuMep, NH(MAPKT, UHCYJIBT, TAKeJ1asi COYeTaH-
Has TpaBMma). Conu auTHsA 06J1a7af0T BBIpaKeH-
HBIMH ITUTOIIPOTEKTUBHBIMH CBOMCTBAMH OJ1aro-
JIapsi crmocobHoCcTH (pochopuarpoBaTh KMHAIY
3-6era rukorencuHTerass! (GSK-3), uTo mpuBo-
IIUT K ee MHAKTUBAIINY, U TIPEJOTBPAIIaeT r'udeThb
KJIETOK B pe3yJibTare uieMuu-pernepdysuu [10-12].
HepmaBaue oKclieprMeHTaJIbHbBIE HCCJIENOBaHUA
JIOKa3aJIi peajibHbIe BO3MOKHOCTH JIUTHA XJIOPHAA
JUIA 3allUTHI MO3ra, MUOKapJa, II049eK OT UILIEeMUN-
penepdysun [13-15]. B npenbinynux uccaenoBa-
HUSAX OBLJIO IIOKA3aHO, YTO COJIH JIUTHS B MOJIEJISAX
M1aTOJIOTHH, KOTOPhIE OBITN CBA3AHBI C BOCTIAJIE-
HUEM in Vivo, IpefoTBpamalu BOCIaJuTe IbHbIe
MOBPEKIEHUS KJIETOK U TKaHel [16-18]. 113BecT-
HO, YTO JIUTUH MHOAaBJisseT HelpoBOCIaJeHUe,
KOTOpO€ pasBUBAETCsA 10CJIE TPAaBMbI TOJIOBHOT'O
MO3ra, IpefoTBpalaeT HapylleHue reMaTo9HIe-
¢panuueckoro OGapbepa U HelpojereHepa-
o [19]. XpoHnYyecKoe BocCIiajieHue KUIIeYHUKa
Takke 3P (PeKTUBHO IOJABJSANIOCH XJIOPUIOM
Jgutusd [20].

Ha cerogusIHui JeHb MOJIEKYJIsIpDHBIE MeXa-
HU3MBl peajn3anydy IIPOTUBOBOCHATIUTEIBHBIX
CBOMCTB COJIel INTUS OCTAIOTCS HEN3y4YeHHbIMU U
BIIOJIHE ONIPAaBIaHHBIM IIPEACTABIACTCA IIPEeAIo-
JIOYKEHUE, YTO XJIOPHUJ JINTHS CIIOCOOEH MOIYJIUPO-
BaTh BOCHAJUTEJbHBIA OTBET OpPraHM3Ma uepes
docdopunuposanue GSK-3 B HeliTpoduiax.

lenp ncciaenoBanusa — U3y4eHUE IIPOTUBO-
BOCIHQJIUTEJIBHOTO IeUCTBUSI XJIOPUIA JIUTUS ITyTeM
BO3JIENCTBYS HA HEUTPOPUIIBI UeTIOBEKA CHIBOPOT-
KU IIAIIMEHTOB C CEITUYECKUM IIIOKOM i1 Vilro.

MarepuaJ 1 MeTObI

BoJibHBIX (71=6) C pa3BUBIIMMCHA CENITHYECKAM
IIIOKOM OTOOpas M B COOTBETCTBUU C KPUTEPUSIMH
«Cermcuc-3» [21].

BosibHOM 1: ®., 59 J1eT, nepgoparusi CMrMOBUIHOM
KUIIKA, GUOPUHO3HO-THONHBIN ITIEPUTOHUT, CENITHYe-
ckuii mok, OPIIC. Boabuou 2: I, 39 jieT, BHEOOJILHAY-
Hasl JIEBOCTOPOHHSISI THEBMOHMUSI, CENITUYECKUH IIIOK.
BosabHO1 3: A., 59 J1eT, HO30KOMHUAIbHASI IBYCTOPOHHSS
nueBmonusA, OPJIC, cenTudeckuii mok. boabHoi 4: B.,
45 jieT, JUBEPTUKYJIe3 TOJICTON KUIIKY, Tepdopanus
CUTMOBUIHOU KUIIKHU, PA3JIUTON THOMHBIN IEPUTOHUT,
cenTUYeCKUU MIOK. BosbHOU 5: B., 54 roma, Tymas
TpaBMa OPIOITHOH ITOJIOCTH, Pa3PhIB TOHKOTO KUIIIEY-
HHMKA, pasjuToi neputoHut. bonsHoi 6: H., 41 rona,
TIPOHUKAIOIIee paHeHNe OPIOITHOM ITOJIOCTH C IOBPEXK-
JleHueM TOHKOTO U TOJICTOTO KUIIIeYHUKA, Pas3IUTON
THOWHBIN IEPUTOHUT, CEITUYECKUI IIIOK.

B kauecTBe KOHTPOJIbHOU I'PYIIIIBI KCII0JIb30BAIN
OGmomarepuaJl, IIOJy4eHHBINA OT 6 IPaKTHYECKH 3/10PO-
BBIX IOHOPOB, cpegHuil Bo3pacr 35,6 [28,7; 45,0] jet. B
Ka)KI0U U3 TPy OBITIO 3 MyKUUH U 3 SKEHIIUHBL.

rier disruption and neurodegeneration [19].
Chronic bowel inflammation was also effectively
suppressed by lithium chloride [20].

To date, the molecular mechanisms of anti-in-
flammatory action of lithium salts remain unex-
plored and it is quite reasonable to assume that
lithium chloride can modulate the body inflamma-
tory response through GSK-3 phosphorylation in
neutrophils.

The aim of the study was to investigate the
anti-inflammatory effect of lithium chloride by ex-
posing human neutrophils to the serum of patients
with septic shock in vitro.

Materials and Methods

Patients (n=6) with septic shock were selected ac-
cording to «Sepsis-3» criteria [21].

Patient 1: E, 59 years old, perforation of the sigmoid
colon, fibrinopurulent peritonitis, septic shock, ARDS.
Patient 2: G., 39 years old, community acquired left-sided
pneumonia, septic shock. Patient 3: A., 59 years old,
nosocomial bilateral pneumonia, ARDS, septic shock. Pa-
tient 4: E., 45 years old, colonic diverticulosis, sigmoid
perforation, generalized purulent peritonitis, septic
shock. Patient 5:V,, 54 years old, blunt abdominal trauma,
rupture of the small intestine, generalized peritonitis. Pa-
tient 6: N., 41 years old, penetrating abdominal wound
with damage to small and large intestine, generalized pu-
rulent peritonitis, septic shock.

The material obtained from 6 apparently healthy
donors with an average age of 35.6 [28.7; 45.0] years was
used as the control. Each group included 3 men and 3
women.

Heparinized venous blood mixed with T-500 dex-
tran solution (Pharmacosmos, Denmark) to achieve the
1% final concentration of dextran and left at room tem-
perature for 30 minutes for erythrocyte sedimentation
was used for neutrophil isolation. The upper plasma layer
(enriched with white blood cells and devoid of red blood
cells) was placed onto ficoll (PanEco, Russia) with the
density of 1.077 g/ml and centrifuged at room tempera-
ture at 300g for 30 minutes in a centrifuge with the brake
off. Then the supernatant was removed and all further
procedures were carried out on ice and using cooled so-
lutions. The erythrocytes were removed by resuspending
the sediment in 2 ml of deionized sterile water for 45 sec-
onds, then 2 ml of 2-fold PBS were added to restore tonic-
ity and centrifuged at 200g, 4°C for 10 minutes. Precipi-
tated neutrophils were washed with PBS and
resuspended in a culture medium (RPMI-1640 by
PanEco, Russia, 10% FBS with low endotoxin content).

Activation (degranulation) of neutrophils was as-
sessed by increasing CD11b, CD66b molecules (mem-
brane components of secondary, or specific granules,
and tertiary, or gelatinase granules) on the cell surface
after their incubation with serum of 6 patients with septic
shock used as an inflammatory inductor. Measurements
were made with antibodies conjugated with fluorescent
dyes, CD11b-FITC and CD66b-AlexaFluor647 (BD Bio-
sciences, USA) according to the manufacturer's protocol.

In order to evaluate the effect of lithium salt on
neutrophil degradation, the patient serum and lithium
chloride in concentrations of 0.3, 3.0 and 9.0 mmol/l
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqOoBaHUuA

J17151 BBIZIe/IeHU ST HEUTPO(UIOB UCIIOJTb30BAJIH T'e-
NIapUHU3UPOBAHHYIO BEHO3HYIO KPOBb, KOTOPYIO CMe-
IKUBAJIU C pacTBOpoM Jekcrpana T-500 (Pharmacosmos,
MaHus1) 10 KOHEYHOU KOHIIEHTPauu neKkcTpaHa 1% u
OCTaBJIsAIN IIPU KOMHATHOU TeMIiepaTrype Ha 30 MUHYT
JJIST OCAKJIEHUS 9PUTPOIUTOB. BepXHU CJI0M 111a3MBbI
(oborareHHbIH JeHKOIUTaMH ¥ JINIIIeHHBIN 9PUTPOITH-
TOB) Hac/auBa/n Ha purosi (ITandko, Poccus) c miot-
HOCTBIO 1,077 r/MJ1 ¥ IeHTpUYTUpOBAIU IIPU KOMHAT-
HoM Temneparype npu 300g, 30 MUHYT B LIeHTpUdyre C
OTKJIIOYEHHBIM TOPMO30M. 3aTeM yAaJ/IsA/Iu CyllepHaTaHT
U BCe JaJibHelINe IpoLeaypbl IPOBOAU/IN HA JIbIY U
C UCII0JIb30BAaHUEM OXJIaKIeHHbIX PAaCTBOPOB. YiaJse-
HU€ 9PUTPOLIUTOB IIPOBOLUJIN C [IOMOIIBIO PeCyCIeH-
JUPOBAHUSA OCaZKa B 2 MJI JeMOHU30BAHHON CTEPUJIb-
HOIT BOJIBI B TeYeHUe 45 cek, a 3aTeM J00aBJIsI/IN 2 MJI
2-x kpaTHoro PBS myia BoccTaHOBJIEHNWSI TOHUYHOCTH
u nentpudyruposanu npu 200g, 4°C, Ha TPOTAKEHUN
10 MuHyT. OcaskJeHHble HeUTpoduUuIbl IpOMbIBAIN
PBS u pecycneHnupoBasau B KyJBTypajJbHOU cpeje
(RPMI-1640 (ITau9ko, Poccus), 10% FBS ¢ HuU3KUM co-
JlepsKaHneM 9HTOTOKCUHOB).

AKTHBaIUIO (IerpaHy/Isdi0) HeUTPOUIOB olLie-
HUBAJIY 110 YBEJIMUEHUIO HA IOBEPXHOCTHU KJIETOK MOJIe-
kys1 CD11b, CD66b (koMITOHEHTHI MeMOpaH crenuduye-
CKUX, KeJIATUHA3HBIX ¥ YeTBEPTUYHBIX T'PAHYJI) IIOCJIE UX
WHKYOAIWH C CBIBOPOTKOM 6 TAIINEHTOB C CENTHYECKIM
III0KOM, M CII0JIb30BAaHHOU B KaueCTBe MHIYKTOpa BOCIa-
JeHusl. VlaMepeHUs1 IPOBOAUJ/IMU C IIOMOIIIBIO aHTUTEJI,
KOHBIOTHPOBAHHBIX C (DJIyOpeCleHTHBIMU KPacUTeIsIMU
(CD11b-FITC u CD66b-AlexaFluor647 (BD Biosciences,
USA)) cornacHo MPOTOKOJIy IIPONU3BOIUTEIA.

C 1eJiblo onpeje/ieHusI BIUSAHUSA COJIA JIUTUSA Ha
JleTPaHyJIsAINIO HEUTPO(UIIOB K KOHIIEHTPATY KJIETOK 4
MJTH/MJI OT 3/I0POBBIX JOHOPOB J0OABJIATIN CEBIBOPOTKY
NAaUMeHTOB U XJIOPUI JIMTUA B KOHIleHTpauuu 0,3, 3,0 u
9,0 MMoJTb/ 1 1 UHKYyOHpoBasu 30 MuH ripu 37°C. 3aTtemM
n06aBJIsAIM aHTUTEIA M MHKYOMpoBanu 30 MUHYT BO
JIbAY, II0CJIe Yero u3Meps/u YpoBeHb (pJryopecreHnun
B YCJIOBHBIX eIMHUIAX (Y. €. .) Ha MPOTOYHOM IIUTO(D-
sayopumetpe Beckman-Coulter FC 500.

AmnronTo3 HeHTpo@duIoB. C Iesb OIpee/eHns
aronTo3a HeUTpPOo(UIOB OT 340POBBIX JOHOPOB UX UH-
KyOHMPOBAJIM C CHIBOPOTKAMH ITAI[IEHTOB C CENITHIECKIM
IIOKOM B TedyeHne 22 9acoB n1pu 37°C B yBJIaXKHEHHOM
CO,-unkybaTope. 3areM KJIeTKU LeHTpUdyTrupoBaIn
npu 400 g B TeYeHrEe 5 MUHYT U PECYCIIEHIMPOBAJIN OCa-
oK B 70 MkJ1 6ydepa (10 MM HEPES, 120 MM NaCl, 2,5
MM CaCl,, pH = 7,4). K kaxxmoi mpobe 106aBJsa 2,5
MKJI aHHEKCHHA V, KOHBIOTHPOBAHHOTO C (hJIyOpeCLeHT-
aeIM KpacutesieM FITC (ThermoFisher, CIIIA) u ocTas-
Jisty Ha 25 muHyT nipu 37°C. Jlasiee 1006aBJISAIN UOIHT
MPONUIUSA 10 KOHEYHOU KOHIIEHTPAIUU 5 MKT/MJI, UH-
KyOHMpPOBaJIH eIrje 5 MUHYT, TI0CJIe Yer0 aHAIM3NPOBAIH
He MeHee 50 ThICAY KJIETOK C IIOMOIILIO0 IIPOTOYHOTO IIH-
touryopumerpa Beckman Coulter CytoFLEX. AnmoriroTu-
YEeCKUMU CYNTAJIN aHHEKCUH V-TI0JIOKUTEILHBIE 1 Ipo-
MUIUN NOAU-0TPUIIATe/IbHBIE KJIETKU.

HNMMyHOGJIOTHHT. JJIeKTpOod ope3 HeJTKOB ITPOBO-
Inan B 12,5% MOMMaKpuIaMALHOM TeJjie B IeHaTypHu-
pyrormux yciaoBusx. O6pasisl pacTBOpsA B Oydepe,
conepskatem 0,125 M Tpuc-HCI (pH 6,8), 4% nomernui-
cynb@ara Hatpus (Sigma Chemical Co., CIIIA), 20% ryu-
nepuHa, 0,005% 6pomdenona cunero (Sigma Chemical
Co., CIIIA) n 10% 2B-mepranroatanosia (Merck, Tepma-

were added to the 4 million/ml cell concentrate from
healthy donors and incubated for 30 minutes at 37°C.
Then antibodies were added and incubated for 30 min-
utes in ice, after which the fluorescence level was meas-
ured in arbitrary fluorescence units (AFU) on the Beck-
man-Coulter FC 500 flow cytometer.

Apoptosis of neutrophils. In order to determine
apoptosis of neutrophils from healthy donors, the cells
were incubated with sera of patients with septic shock for
22 hours at 37°C in a humidified CO, incubator. The cells
were then centrifuged at 400 g for 5 minutes and the sed-
iment was resuspended in the 70 pl buffer (10 mmol
HEPES, 120 mmol NaCl, 2.5 mmol CaCl,, pH=7.4). 2.5 pl
of annexinV conjugated with FITC fluorescent dye (Ther-
moFisher, USA) was added to each sample and left for 25
minutes at 37°C. Then propidium iodide was added to
the final concentration of 5 ng/ml, incubated for another
5 minutes, and then at least 50 thousand cells were ana-
lyzed with a flow cytofluorimeter Beckman Coulter
CytoFLEX. Cells which were annexin V positive and pro-
pidium iodide negative were considered apoptotic.

Immunoblotting. Protein electrophoresis was per-
formed in 12.5% polyacrylamide gel under denaturing
conditions. The samples were dissolved in a buffer con-
taining 0.125 M Tris-HCI (pH 6.8), 4% sodium dodecyl
sulphate (Sigma Chemical Co., USA), 20% glycerin,
0.005% bromophenol blue (Sigma Chemical Co., USA)
and 10% 2B-mercaptoethanol (Merck, Germany). The
samples were heated for 2 minutes in a water bath and
introduced into gel wells. For preparation of the separat-
ing gel, a 30% mixture of acrylamide (Sigma Chemical
Co., USA) and bis-acrylamide (Sigma Chemical Co.,
USA) (37.5:1) was used, which was diluted to 12.5% by
1.5 M Tris-HCI buffer (pH=8.8) and water to the final
Tris-HCI concentration of 375 mmol. Sodium dodecyl
sulphate 0.1%, ammonium persulfate (Sigma Chemical
Co., USA) 0.1% and TEMED (tetramethylenediamine,
Acros, Belgium) 0.1% were also added to the mixture. For
preparation of the concentrating gel, 30% mixture of
acrylamide and bis-acrylamide was diluted to 5% 1 M
Tris-HCI buffer (pH=6.8) and water to the final Tris-HCI
concentration of 125 mmol. 0.1% sodium dodecyl sul-
phate, 0.1% ammonium persulphate and 0.1% TEMED
were also added to the mixture. Glasses 8x10 cm with 1
mm thick spacers was used. For electrophoresis we used
Tris-glycine electrode buffer containing 25 mmol Tris-
HCI, 192 mmol glycine, 0.1% sodium dodecyl sulphate,
pH=8.3. Electrophoresis was carried out at direct current
of 10 mA in concentration mode and 15 mA in separa-
tion mode. At the end of electrophoresis, proteins were
transferred to PVDF membrane (Amersham Pharmacia
Biotech, United Kingdom). The transfer was carried out
by the semi-dry method for 2 hours at 200 mA, 20 V.
Transfer quality was estimated by dying of a part of gel
and membrane with 2% Ponceau solution (Sigma Chem-
ical Co., USA). The membranes were blocked for 12
hours at +40°C in a tris-buffer medium (Sigma Chemical
Co., USA) containing 5% skimmed milk powder. Then
the membranes were washed with tris-buffer medium 3
times for 10 minutes and incubated for 2 hours at room
temperature with primary antibodies (against GSK-3f or
phosphorylated GSK-3f) in 1:1000 dilution in tris-buffer
medium containing 0.5% of bovine serum albumin
(«Calbiochem») and 0.01% of Tween-20 («Sigma Chemi-
cal Co.»). The membranes were washed three times dur-
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HUs1). O6pasnbl KUMIATHIA 2 MUH Ha BOISTHOW OaHe U
BHOCUJIU B JIYHKU JJIs1 TeJisl. [IjIs1 IPUTOTOBJIEHUSI pas-
JIeJIAIONIeTo reJist ucnoab3oBaau 30% cMech akpuJia-
muza (Sigma Chemical Co., CIIIA) 1 6uc-akpuiIamMuaa
(Sigma Chemical Co., CIIIA) (37,5:1), koTOpyIo pas3Bo-
nuy o 12,5% 1,5 M Tpuc-HCI 6ygepom (pH=8,8) u
BOJIOM 10 KOHeYHOU KoHueHTparuu Tpuc-HCl 375 MM.
B cMmech Takske 106aBIIATH TOIEIUICY/Ib(AT HAaTPHA 0
0,1%, nepcynbdar ammonus (Sigma Chemical Co., CIIIA)
1o 0,1% u TEME]] (TeTpameTniaTU/IeHAaMIH, ACTOS,
benbrusa) no 0,1%. [y OpUroToBJIEHNSI KOHIIEHTPHU-
pyrorrero resist 30% cMech akpuIaMuIa U OUC-aKpuIa-
Muja passoauia 10 5% 1 M Tpuc-HCI 6ydepom (pH =
6,8) 1 BOJ10¥1 10 KOHEYHOM KoHLeHTpanuu Tpuc-HCl 125
MM. B cmechk Takske mobaBsisiu 0,1% momenuiicyabgara
Harpus, 0,1% nepcynbdar ammonusa u 0,1% TEME/L. B
paboTe HCIOJIB30BaIH CTeKIa 8X10 cM co crieiicepamMu
ToJsmuHOoU 1 MM. [lJ1st mpoBeeHus asiekTpodopesa uc-
MOJIE30BaN TpHC-VIMITUHOBBIN 3JIEKTPOIHBIN Oydep,
copepsramuii 25 MM Tpuc-HCI, 192 MM mmmnuH, 0,1%
nopeumsicynbgara Harpus, pH = 8,3. duekrpodopes
NPOBOIWJIM IIPU NMOCTOAHHOM TOKe 10 MA B peskume
KOHIIEHTPUPOBaHUA U 15 MA B pesxknme pasaesnenus. [1o
OKOHYAaHHUH 3JIeKTpodope3a MepeHOCHIN OeKu Ha
PVDF mem6pany (Amersham Pharmacia Biotech, O65-
ennHeHHbIe KopoJsiescTBa). Ilepenoc npoBoguIu mosy-
CyXMM METOJOM B TedeHwue 2 9acos 1pu 200 MA, 20 V. Ka-
4eCcTBO IlepeHoca OLleHUBAJIM OKpalllMBaHHEM 4YacTu
reJjid ¥ OKpalIrBaHueM MeMOpaHbl 2% pactBopoM Pon-
ceau (Sigma Chemical Co., CIIIA). MeMOpaHbI 6JIOKAPO-
BasH 12 gacos mpu +4°C B Tpuc-0ydepHoii cpene (Sigma
Chemical Co., CIIIA), cogepskarieit 5% 00e35KUpEeHHOTO
CYyXOr0 MOJIOKa. 3aTeM MeMOpaHbI ITPOMBIBAJIH TPHC-0Y-
depHoIi cpenoii 3 pasa o 10 MUHYT 1 MTHKYOUPOBAJIH 2
yaca IpU KOMHATHOM TeMIleparype ¢ IepBUYHBIMU aH-
tutenamu (mpotuB GSK-3 nau pochopuarpoBaHHON
¢opmer GSK-3p) B pazsemgennu 1:1000 B Tpuc-Oydep-
HOU cpepe, comepskaimieM 0,5% ObIYBETO CBIBOPOTOY-
Horo anebymmHa («Calbiochem») m 0,01% Tween-20
(«Sigma Chemical Co.»). Mem0OpaHbI Tpu pasa mo 15
MUHYT IpoMbIiBaiu B TBS, conepskamem 0,01% Tween-
20 v MHKYOUpOBaJIK 1 Yac C BTOPUYHBIMH AHTUTEIAMH,
KOH'BIOIMPOBAHHBIMHU C IEPOKCUIA3011 XPEHa, B pas3Be-
nennu 1:10000 B Tpuc-6ydepHOU cpefe, comepsraiieM
0,01% Tween-20. ITocsie prHATBHOU OTMBIBKU OT He-
CBSI3aHHBIX aHTHUTEJI, [10JI0ChI JeTeKTUPOBaJIU C IIOMO-
IO XeMIJTIOMIHECIIEHTHOTO CyOCTpara MepoKCHIa3bI
xpeHa ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, Besabrus). Xemuatomu-
HECIEHITNIO JleTeKTUpoBan Ha pororieHKy Kodak Pro-
fessional T-MAX P3200 TMZ 135-36 (Kodak, CIIIA).
N3o06paskenue onu@poBbIBaM Ha ckanepe Epson Per-
fection V750 Pro (Seiko Epson Corp., {lmonus) 1 anaau-
3UpPOBAJIU C TIOMOIIBIO ITpOrpamMMsl Image].

Copepskanue ¢ochopunmpoBanHod (opmsel
GSK-3p BbIpaska/iv B YCJIOBHBIX eJUHUIIAX XeMUJIIO-
MUHECIeHIInH (y. e. J1.).

11 cTaTUCTUYECKOI0 aHaJIM3a UCII0/Ib30BaIU
nporpaMMmsI Statistica 10.0 (StatSoft, Inc.) © MedCalc
12.5.0.0 (MedCalc Software bvba). Cpennue 3Hadve-
HUA IIpeacTaBuJIn MeIIHaHOﬁ C MEXKBapTUJIbHBIM
MHTEepPBAJOM. MesKIpynnoBble pa3jinyus lIoKasare-
Jleil olleHuBaJIM IpU nomowmu U-Kputepus YUTHU—
ManHa u OpUHUMAJU CTATUCTUYECKN 3HAYNMBIMU
npu ypoBHe p<0,05.

ing 15 minutes in a TBS containing 0.01% Tween-20, and
incubated for 1 hour with secondary antibodies conju-
gated to horseradish peroxidase in a 1:10000 dilution in
a tris-buffer medium containing 0.01% Tween-20. After
the final washing of unbound antibodies, the signal
bands were detected with horseradish peroxidase
chemiluminescence substrate ECL (Enhanced chemilu-
minescence system, Ensham Pharmacia Biotech, Bel-
gium). Chemiluminescence was registered on Kodak
Professional T-MAX P3200 TMZ 135-36 film (Kodak,
USA). The image was digitized on an Epson Perfection
V750 Pro scanner (Seiko Epson Corp., Japan) and ana-
lyzed using the Image]J software.

The level of phosphorylated GSK-33 was expressed
in arbitrary luminescence units (ALU).

Statistica 10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0
(MedCalc Software Ltd, Ostend, Belgium) software were
used for statistical analysis. The mean values were repre-
sented by the median with the interquartile interval. In-
tergroup differences were estimated using the Whitney
Mann U-criterion and considered significant at P<0.05.

Results and Discussion

The effect of sera of patients with septic
shock on the CD11b and CD 66b expression on the
neutrophil surface. Neutrophil activation is one of
the phases of inflammation where morphological
and physiological changes (flattening, degranula-
tion, migration, cytokine secretion, oxidative explo-
sion, etc.) are observed due to external signals. The
CD11b and CD66b molecules located in the intra-
cellular granules of neutrophils are sensitive mark-
ers of activation and degranulation.

As shown in Table 1, the CD11b expression on
the surface of intact neutrophils (healthy donors)
was 3434.50 [3311.0-3799.0] AFU. Incubation of
neutrophils with serum of patients with septic
shock increased the number of CD11b molecules
on the neutrophil surface by 2.5 times up to the
value of 8589.0 [7279.0-11258.0] AFU (P=0.005).

Addition of 9 mmol lithium chloride to intact
neutrophils did not reduce the expression of CD11b
molecules vs. control, it was 2703.9 [2514.0-3578.0]
AFU (P>0.05). Incubation of neutrophils with
serum of patients with septic shock and 0.3 mmol
lithium chloride did not affect the increased level
CD11b on the neutrophil surface (after septic
serum exposure) — 7998.0 [7527.0-10115.0] AFU
(P>0.05), while the addition of 3.0 mmol lithium
chloride virtually brought the expression back to
the control value (P>0.05), and the addition of 9.0
mmol lithium chloride significantly reduced (by
40%) the expression of CD11b molecules on the
neutrophil surface vs the control (P=0.04).

As seen from Table 2, the CD 66b expression
on the surface of intact neutrophils was
10125.0 [9887.0-10575.0] AFU. Incubation of neu-
trophils with serum of patients with septic shock
increased the expression of the above-mentioned

molecules by 2.7 times up to the value of
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Tabmuna 1. 3HauyeHuA akcnpeccun CD11b Ha MOBEpXHOCTH HEHTPO(UIIOB IPH BO3IEHCTBHH CHIBOPOTKH Ia-
IIMEHTOB C CeNITHYEeCKUM IIIOKOM H pacTBopa JuTus:A xJjgopuzaa (0,3 mM; 3 MM; 9 MM), Me [LQ-HQ].

Table 1. CD11b expression on the surface of neutrophils after exposure to the sera of patients with septic shock
lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQ)].

Neutrophils CD11b expression, AFU Pvalue vs control
Intact (control) 3434.5[3311.0-3799.0]

+SS 8589.0 [7279.0-11258.0] 0.005

+ LiCl, 9 mmol 2703.9 [2514,0-3878.0] >0.05

+SS + LiCl, 0.3 mmol 7998.0 [7527.0-10115.0] 0.004

+SS + LiCl, 3.0 mmol 3571.5 [3299.0-3894.0] >0.05

+SS + LiCl, 9.0 mmol 2068.5 [1951.0-2394.0] 2222 0.04

Note. For tables 1-4: intact neutrophils — neutrophils obtained from apparently healthy donors (control); SS — septic serum

(serum of patients with septic shock); + — added to the control.

IIpumeuanwue. [y Tabs1. 1-4: intact — UHTAKTHBIE HEUTPO(DUIIBL, IIOJydeHHbIE OT IPAKTUYECKU 3T0POBBIX JOHOPOB (KOHT-
poJib); SS — cenTUYeCKas CBIBOPOTKA (CBIBOPOTKA KPOBU MTALIMEHTOB C CEITUYECKUM IIOKOM); + — J00aB/IeHue K KOHTPOJIIO;

AFU —vy. e. ¢.

Pe3ybTaThI ¥ 00CYKI€HNE

BausiHMe ChIBOPOTOK MALIMEHTOB C CEeNTH-
4eCKHUM IIIOKOM Ha ypoBeHb akcnpeccuu CD11b
u CD 66 b Ha mOBepXHOCTH HEUTPOPHUITOB. AKTH-
BaI¥s HEUTPOPUIIOB — OJIHA U3 CTAIUU PA3BUTHUS
BOCITaJIEHUS], TPU KOTOPOU 1OJ1 IEICTBUEM BHEIII-
HUX CUTHAJOB y HEUTPO(UJIOB HaOJIIONAIOTCSA
Moposiornyeckue u pU3NOJOTUUYECKUE U3MEHE-
HUA (YIJIOIIeHHe, eTPaHYIALs, MUTpalis, CeK-
pelysi TUTOKUHOB, OKUCJIUTEIbHBIN B3PBIB U IPY-
rue). UyBCTBUTEIbHBIMU MapKepaMy aKTUBALUN
U erpa”yasluy ABJAIOTCA MoJieKy/abl CD11b u
CD66b, koTOpBIE HAXOAATCS BO BHYTPUKJIETOYHBIX
rpaHy/i1ax HeUTpPO(UIIOB.

Kaxk BugHO 13 TabJI. 1, TOKa3areJib IKCIIpec-
cuu CD11b Ha NOBEPXHOCTU UHTAKTHBIX HEUTPO-
¢uson (3m10poBHIE JIOHOPBEI) COCTaBUJI
3434,50 [3311,0-3799,0] y. e. ¢. MakyOamus Hel-
TPO(HUIOB C CLIBOPOTKOU KPOBU MAIIUEHTOB C CeTI-
TUYECKUAM III0KOM IOBbIIIaga KOJINYeCTBO MoJIe-
KyJ CD11b Ha noBepxXHOCTH HEUTPOUJIOB B 2,5
pasa 10 3HaueHUs II0Ka3aress IKCIPecCuu —
8589,0 [7279,0-11258,0] y. e. ¢. (p=0,005).

NobaByieHVe K WHTAKTHBIM HeEUTpodumIaM
XJI0pUJa JUTUSA B KOHIEHTpaUuu 9 MMOJIb, He
YMEHBIIIAJIO0 aKcIpeccuio Mosiekys CD11b o oTHO-
IIEHUIO K KOHTpoJIt0 — 2 703,9 [2514,0-3578,0] y. €.
. (p>0,05). MuKyOanyss HEUTPO(UIOB C CBIBOPOT-
KON KpOBM MALIMEHTOB C CENNTUYECKUM IIOKOM U
XJIOPUIOM JINTUA B KOHIleHTpauuu 0,3 MMOJIb He
BJIMslJIa HA TIOBBIIIEHHOE CEIITUYECKON ChIBOPOT-
Ko cozepskanve CD11b Ha uX MOBEPXHOCTU —
7998,0 [7527,0-10115,0] y. e. ¢. (p>0,05), B TO BpeMs
Kak J00aBJIeHNE XJIOPH/IA JTUTUS B KOHIIEHTPAIH
3,0 MMOJIb IPAKTUYECKU BO3BPAIIlA/I0 ITIOKa3aTe b
3KCIIPECCUU K KOHTPOJIbHOMY 3Ha4eHuIo (p>0,05), a
nobaBJieHrEe XJIOpHUAa JUTHSI B KOHIIEHTpanu 9
MMOJIb 3HAYMMO YMEHBITANIO (Ha 40%) 9KCIIPEeCCHIo
MoJieKkys1 CD11b Ha moBepxHOCTH HERTPO(PMIIOB 11O
OTHOILIEHUIO K KOHTPOJIIO (p=0,04).

Kax BuHO 13 Ta0/1. 2, TOKa3aresIb 9KCIPEeCCHUN
CD 66b Ha TOBEpXHOCTH NHTAaKTHBIX HEUTPO(UIOB
cocraBui 10125,0 [9887,0-10575,0] y. e. ¢. MuKyba-

27688.0 [22999.0-28989.0] AFU (P=0.005) vs. the in-
tact leukocytes.

Addition of 9 mmol lithium chloride to intact
neutrophils significantly reduced the expression of
CD66b molecules vs the control down to 7050.0 [6
888.0-8 545.0] AFU (P=0.047).

Incubation of neutrophils with serum of pa-
tients with septic shock and 0.3 mmol lithium chlo-
ride did not affect the increased level of CD66b on
the neutrophil surface (after the serum exposure),
which was 21565.0 [20897.0-26933.0] AFU
(P=0.009), while the addition of 3.0 mmol lithium
chloride restored their expression to the value sim-
ilar to the controls at 11712.0 [10587.0-11985.0]
AFU (P>0.05), and the addition of 9 mM lithium
chloride did not reduce the CD11b expression on
neutrophil surface vs the control group reaching
8750.0 [6835.0-9745.0] AFU (P>0.05).

The effect of sera of patients with septic shock
on apoptosis and necrosis of human neutrophils
22 hours after extraction. The study results showed
that the proportion of human neutrophils with signs
of apoptosis and necrosis 22 hours after excretion is
57.1 [65.8-57.9] % (Table 3, control).

Incubation of neutrophils with serum of pa-
tients with septic shock reduces by 2.6 times the
number of spontaneously apoptotic neutrophils
down to 21.95 [19.50-23.90] % (P=0.004) (Table 3, +
SS). Addition 0f 9.0 mmol lithium chloride to intact
neutrophils significantly reduced the number of
neutrophils with preserved ability to spontaneous
apoptosis — down to 39.75 [38.50-42.70] %
(P=0.002) (by 30%).

Addition of 0.3 mmol lithium chloride to the
incubation medium of neutrophils with sera of pa-
tients with septic shock did not affect the number
of spontaneously apoptotic neutrophils which was
26.0 [21.5-27.2] % (P=0.7).

Notably, the addition of 3.0 lithium chloride to
the incubation medium of neutrophils with serum
of patients with septic shock significantly increased
the number of spontaneously apoptotic neu-
trophils by 1.8 times to as much as 39.5 [37.7-40.0]
% (P=0.03). The increase of lithium chloride con-
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Tabsmma 2. 3HaueHne axkcnpeccuu CD66b Ha MOBepXHOCTH HEHTPO(UIOB IPH BO3/A€HCTBUH CHIBOPOTKH Ia-
IIMEHTOB C CeNITHYEeCKUM IIIOKOM H pacTBOpa JuTHus:A xjaopuga (0,3mM; 3mM; 9 MM), Me [LQ-HQ)].

Table 2. CD66b expression on the surface of neutrophils after exposure to the sera of patients with septic shock
and lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQ].

Neutrophils CD66b expression, AFU Pvalue vs control
Intact (control) 10125.0 [9887.0-10575.0]

+SS 27688.0 [22999.0-28989.0] 0.005

+ LiCl, 9.0 mmol 7050.0 [6888.0-8545.0] 0.047

+SS + LiCl, 0.3 mmol 21565.0 [20897.0-26933.0] 0.009

+ SS + LiCl, 3.0 mmol 11712.0 [10587.0-11985.0] >0.05

+SS + LiCl, 9.0 mmol 8150.0 [6835.0-9745.0] >0.05

TaGuniza 3. Iloka3areJib alroNTO3a H HEKPO3a aHEKCHH-TIOJIOKUTENBHBIX (an+) HEHTPO(MUIIOB IPH HMHKYOAITHH C
ChIBOPOTKAMH NALMEHTOB C CEITUYECKMM IIIOKOM U pacTBOpoM JiuTHsA xs1opuaa (0,3mMM; 3mMM; 9 MM), Me [ LQ-HQ).
Table 3. Percentage of apoptosis and necrosis of annexin-positive (an+) neutrophils after incubation with the sera
of patients with septic shock and lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQI.

Neutrophils Percentage of apoptotic Pvalue

and necrotic cells, % vs control vs + SS
Intact (control) 57.1 [55.8-57.9]
+SS 21.95 [19.50-23.90] 0.004
+ LiCl, 9.0 mmol 39.75 [38.50-42.70] 0.002
+SS + LiCl, 0.3 mmol 26.0 [21.5-27.2] 0.002 0.7
+SS + LiCl, 3.0 mmol 39.5 [37.7-40.0] 0.004 0.03
+SS + LiCl, 9.0 mmol 40.2 [38.8-41.1] 0.002 0.007

IIpumeuanmne. Percentage of apoptotic and necrotic cells — 1015 KJIETOK ¢ MpU3HAKAMU allONITO3a ¥ HEKPO3a.

W1 HEUTPO(UIIOB C CBIBOPOTKOM KPOBH IAIieH-
TOB C CENITHYECKUM IITOKOM YBeJIMYNBaJsIa 9KCIIpec-
CHIO TeX sKe MOJIeRyJI B 2,7 pasda, 10 3Ha4eHUsd
27688,0 [22999,0-28989,0] y. €. ¢. (p=0,005), B cpaBHe-
HUH C TIOKa3aTeseM HHTAKTHBIX JIEHKOITUTOB.

JlobaBsieHrie XJI0pyAa JIUTHS B KOHIIEHTPAITIN
9 MMOJTb K MHTAKTHBIM HEATpO(HIaM 3HAYMMO YMEHb-
II1AJ10 SKCIIPecco MoJtekyst CD 66b 1o oTHOIIIeH IO K
koHTpOosI0 — 7 050,0 [6 888,0-8 545,0] y. €. . (p=0,047).

WNukybarusa HEUTPO(WIOB C CHIBOPOTKOMN
KPOBH TAI[MEHTOB C CEITTUYECKUM IITOKOM U XJIOPH-
JIOM JIMTHA B KOHLIeHTpanuu 0,3 MMOJIb He BJIMAJIa Ha
TIOBBIIIIEHHOE CENTHYECKON CHIBOPOTKOU ColepsKa-
aue CD 66b Ha mx moBepxHoctu 21565,0 [20897,0—
26933,0] . e. ¢. (p=0,009), B TO BpemsI Kak qoHaBJIe-
HUeE XJI0pUja JIUTUA B KOHLeHTpanuuu 3,0 MMOJIb
BO3BpAIa/I0 3HAYEHVE NX 9KCIIPECCHUH K TIOKA3aTeJTIo,
He OTIMYAIOIIEMYCS OT KOHTPOJIBHOTO 3HAYEHUS —
11712,0 [10587,0-11985,0] v. e. ¢. (p>0,05), a mobaBJe-
HYe XJIOpH/ia JINTHS B KOHIeHTparmu 9 MM He yMeHb-
IITaJI0 ToKasarestb sxcpeccuy CD11b Ha moBepxHo-
CTH HEUTPO(UJIOB IO OTHOIIEHUIO K KOHTPOJIIO —
8750,0 [6835,0-9745,0] y. e. . (p>0,05).

Bausaue CBIBOPOTOK ITAIITMECHTOB C CEIITH-
YeCcKHUM IOKOM Ha [TIOKa3aTeJIb afonTo3a M HeK-
po3a HeWTpo(UIOB UYeJOBeKa depe3 22 yaca
nocJie BeIeJIeHHs1. Pe3yabTaThl MCC/IeI0BaHUSA
MOKa3aJId, YTO J0JIsTI HEUTPO(UIIOB YeJ0BeEKA C
IIpU3HAaKaMM alloIITO3a U HEKpo3a yepes 22 Jyaca
ocJie BblgeJieHus cocrtaBjseT 57,1 [55,8-57,9] %
(TabJ1. 3, KOHTPOJIB);

Nakybanus HEATPO(PUIOB C CHIBOPOTKOU
IIallMEeHTOB C CEeNTUYEeCKUM IIOKOM B 2,6 pasa
YMEHBIIIAeT KOJMYECTBO HEUTPOPUTIOB, KOTOPHIE
TIOIBEPIVIFICH CIOHTAaHHOMY aIloITTO3Y — 10 3HAYEeHU S

centration up to 9 mmol similarly increased the
number of neutrophils capable of spontaneous
apoptosis to 40.2 [38.8-41.1] % (P=0.007).

In line with present-day ideas, neutrophils are
rather short-lived leukocytes: after leaving bone
marrow the average lifetime of neutrophils is 4-5
days [22]. During this time, neutrophils leave the
bone marrow, mature and age. Under normal phys-
iological conditions, the aging of neutrophils is ac-
companied by increased expression of CXCR4
chemokine receptor, which leads to neutrophils'
migration to bone marrow, liver and other organs
where they undergo apoptosis and are phagocytized
by macrophages. Apoptosis is an extremely impor-
tant and sophisticated stage in the neutrophil life
cycle, because accelerated massive neutrophil
death leads to neutropenia and increased suscepti-
bility to infections, while overly long lifespan, on the
contrary, may cause chronic inflammation [23].

The results show that septic serum drastically
reduces the ability of neutrophils to «escape» from
the inflammation site by apoptosis and thus con-
tributes to «nonresolving inflammation», whereas
the addition of lithium chloride in a concentration
of 3 mmol and above can induce spontaneous neu-
trophil apoptosis. At the same time, the 9.0 mmol
lithium chloride added to intact neutrophils reduces
the number of neutrophils capable of spontaneous
apoptosis, which from the whole body perspective
can be promising for the treatment of neutropenia,
as it has been shown in a clinical study [24].

The effect of sera of patients with septic shock
on GSK-3( phosphorylation in neutrophils and the
impact of lithium chloride. This study also examined

the effect of sera of patients with septic shock on the
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21,95 [19,50-23,90] % (p=0,004) (Tabur. 3, + CC). [JobaB-
JIeHUe XJIOPUJIA JINTHS B KOHLIEHTPALUH 9 MMOJIb K
WHTAKTHBIM HeUTpoduaaM 3HaAYMMO YMEHbIIIAJI0
KOJINYeCTBO HEeUTPO(UIIOB, COXPAHUBIINUX CIIO-
COOHOCTH K CHOHTAaHHOMY alloITo3y — 10 3HaYe-
Hus 39,75 [38,50-42,70] % (p=0,002) (Ha 30%).

HobaBJsieHre XJI0pU/Ia JIUTHASA B KOHIIEHTPA-
1un 0,3 MMOJTb B Cpely MHKyOanust HeUTpopuIios
C CBIBOPOTKAMU KPOBU MAI[MEHTOB C CEITUYECKUM
IIIOKOM He BJIMS1JIO Ha KOJIUYeCTBO HEUTPO(UIIOB,
KOTOpBIe MOABEPIVIMCH CIOHTAHHOMY allOITO3y -
26,0 [21,5-27,2] % (p=0,7).

Ba)xkHO OTMETUTH, YTO MOOABJIEHNE XJTOPHIA
JINTHSA B KOHIIEHTPAIMX 3 MMOJIb, B Cpely MHKyOa-
MY HEUTPOMUIIOB C CHIBOPOTKOM KPOBU MAI[AEH-
TOB C CEITUYECKUM IIIOKOM, 3HAYUMO, B 1,8 paza—
39,5 [37,7-40,0] % (p=0,03), yBermuuBaI0 KOJIU-
4eCcTBO HeUTpo(duIoB, MOABEPTIINXCS CIIOHTAH-
HOMY alloNTO3y. YBeJW4YeHHWe KOHIEHTpaluu
XJIOpHUJa JIUTHUSA 10 9 MMOJIb COIIOCTABUMO yBe-
JIMYMBAJIO KOJIMYECTBO HEUTPO(PUI0B, COXpAaHUB-
IIIAX CIIOCOOHOCTh K CIIOHTAaHHOMY aloNTO3y —
40,2 [38,8-41,1] % (p=0,007).

CornacHO COBpeMeHHBIM NIPeACTABJIEHUSIM,
HEUTPO(PUIbI — 3TO TOCTATOYHO KOPOTKOKUBY-
e JIeMKOUUTHI: II0Cje BbIXOJAa U3 KOCTHOTO
MO3ra cpejHee BpeMsl S>KM3HU HeUTpo(puioB
cocrasJisieT 4-5 nHew [22]. B TeueHne 3TOTO Bpeme-
HU HEeUTpOo(UJIbl BBIXOAAT U3 KOCTHOTO MO3ra,
C03peBaloT U cTapeloT. [Ipy HopMaTbHBIX PU3NO-
JIOTUYECKUX YCJOBUAX CTapeHne HeUTpoduson
CONPOBOKJAETCSI yBeJUYEeHUEeM JKCIIPecCuu
peuentopa xeMoKMHOB CXCR4, 4TO IPUBOIUT K
MUTpallii HEUTPOPUJIOB B KOCTHBIA MO3T,
Ile4eHb U Apyrue OpraHbl, Ie OHU I0JJBEPraioTCs
anonTo3dy M (paronuTUPYIOTCA Makpodaramu.
AnonTo3 — KpaliHe Ba)KHBIA U CJI0KHO perysiu-
PYeMBIii aTall B )KU3HEHHOM LIUKJIe HeUTpo(duIIos,
MTOCKOJIBKY CJIUIIKOM OBICTpasi W MaccoBas
CMepTh HEUTPO(PUIOB TPUBOJIUT K HEUTPOIIEHUHU
U MOJBEP>KeHHOCTH OpraHu3Ma HMH(MEKIUusaM, a
W3JIMIIHE JO0JTast SKU3Hb, HA000POT, MOSKET
BbI3BaTh XpOHUYECKOE BocHajgeHue [23].

[TosryueHHbIE pe3yIbTaThl CBUETEIbCTBYIOT
0 TOM, YTO CENITUYECKAsI CbBIBOPOTKA PE3KO CHUKA-
€T BO3MOSKHOCTH HeUTPO(UIOB «yUTHU» U3 oyara
BOCHAJIEHUS TIYTEM aIONTO3a W TAKUM 00pasom
crroco6CcTByeT (POPMUPOBAHUIO «HEPA3PEITAEMO-
r0 BOCITAJIEHUsI», @ 0OaBJIeHNE XJIOPH/Ia JINTHS B
KOHIIEHTPAIMX 3 MMOJIb U BBIIIIE CITOCOOHO MHAY-
[IMPOBATh CIIOHTAHHBIN alloNTO3 HEUTPO(pUIOB. B
TOKEe BPEMs, XJOPHUJ JIUTHsI, TO0aBJIEHHBIA K
WHTAKTHBIM HeWTpodujaM B KOHIEHTpanuu 9
MMOJIb, IPUBOJUT K YMEHBIIEHUIO KOJINYECTBA

HEUTPO(DUIIOB, CIIOCOOHBIX K CHOHTAHHOMY aIlol-
TO3y, YTO B YCJIOBHUSX LEJOCTHOIO OpraHu3ma
MO’KeT OBITH IEePCIIEKTUBHO B ILJIAaHE Teparuu
HEUTPOIIeHNH, KaK ObLJI0 OTMEYeHO B KJINMHUYE-
CKOM HCCJIeIOBaHUH [24].

phosphorylation of GSK-3 beta, a key enzyme pro-
tecting cell from ischemia reperfusion, a cascade that
is rapidly activated in response to pro-inflammatory
signals. The content of phosphorylated GSK-3 beta in
intact neutrophils was 899557 [821555-931223] ALU
(Table 4). Incubation of neutrophils with serum of pa-
tients with septic shock for 10-15 minutes resulted in
dephosphorylation (activation) of the enzyme, lead-
ing to a 2-fold reduction of the phosphorylated GSK-
3 beta (P<0.05) to the value 0f 412743 [400532-445331]
ALU (Table 4), without affecting the enzyme activity
in neutrophils. Addition of 9.0 mmol lithium chloride
to intact neutrophils significantly increased the level
of GSK-3 beta up to the value of
2407799 [2201343-2938373] ALU (P=0.002) (by 270%).
Addition of 0.3 mmol lithium chloride to the incuba-
tion medium of neutrophils with serum of patients
with septic shock did not significantly affect the level
of GSK-3 beta in neutrophils, which was
478755 [400532-445331] ALU (P=0.002), while the ad-
dition of 3.0 mmol lithium chloride increased the level
of phospho-GC-3 beta in neutrophils virtually to the
control values reaching 858454 [810535-955723]
(P=0.006) ALU. Increase of lithium chloride concen-
tration up to 9 mmol further (practically 2 times
higher than in the control) increased the level of phos-
phorylated GSK-3 beta in neutrophils up to
1759454 [1519555-1911121] (P=0.004) ALU.

Conclusion

The experimental results confirmed the effect
of lithium chloride on GSK-3 beta phosphorylation
in neutrophils which suggests that lithium chloride
is able to modulate the inflammatory activation of
neutrophils on exposure to serum of patients with
septic shock due to GSK-3 beta phosphorylation in
neutrophils.

This study demonstrated that one of the pos-
sible anti-inflammatory mechanisms of lithium
chloride could be phosphorylation of GSK-3 beta
in neutrophils, which in turn leads to reduced ex-
pression of CD11b and CD66b degranulation mark-
ers on neutrophil surface. The lithium chloride so-
lution was found to increase the capability of
neutrophils to spontaneous apoptosis and proba-
bly could contribute to the resolution of inflamma-
tion. The results of this study open the prospects for
the use of lithium chloride to treat «excess» inflam-
mation in bacterial sepsis, but these encouraging
datarequire confirmation on in vivo models, which
may allow initiating a clinical trial to study the pre-
sumed organoprotective and anti-inflammatory
properties of lithium chloride.

JleiicTBHE CHIBOPOTOK ITAIIIEHTOB C CENTH-
4eCcKHUM IIIOKOM Ha IoKa3areJib (pochopuimpo-
BaHus GSK-3f B HeliTpoduiax u BIHMSIHHSA Ha
Hero XJopujaa JuTHus. B HacTosIeM rccienoBa-
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TaG.auna 4. leHcuToMeTpuyeckuii ananus BecrepH-06/10TOB Ha coiepranme B HelTpoduiaax kuHa3bl ocdo-
I'CK-3 0era mpu BO3/IefiICTBHHU CHIBOPOTKH MAIlEHTOB C CENITHYECKUM IOKOM, Me [LQ-HQ).
Table 4.Western blot densitometry analysis for the neutrophil phospho-GSK-3 beta after exposure to sera of patients

with septic shock, Me [LQ-HQ).

Neutrophils Phosphorylated GSK-3(3, ALU % P value vs +SS
Intact (control) 899557 [821555-931223] 100

+SS 412743* [400532-445331] 51

+ LiCl, 9.0 mmol 2407799* [2201343-2938373] 270

+SS + LiCl, 0.3 mmol 428755* [400532-445331] 53 0.8

+SS + LiCl, 3.0 mmol 858454 [810535-955723] 95 0.006
+SS + LiCl, 9.0 mmol 1759454* [1519555-1911121] 195 0.004

Note. * — P<0.05 vs the control.

IIpumeuanue. ALU —y. e. J1.; * — p<0,05 OTHOCUTEJIBHO KOHTPOJIAL.

HUY TaK)Ke U3YYUJIU BJIMSTHUE CBIBOPOTOK ITaIlH-
€HTOB C CENTUYECKUM IIOKOM Ha pochopuampo-
Banue I'CK-3 6era, — kjooueBoro QepmenTa
3aIUTHI KJIETKH OT UIIEMUH-pernepdy3nn — Kac-
KaJia, KOTOPbIH OBICTPO aKTUBUPYETCA B OTBET Ha
MIpoBOCHANUTebHbIe CcHUTHAABL. CofepskaHue
¢ocho-I'CK-3 Oera B MHTAKTHBIX HelTpoduIax
cocTtaBmiio 899557 [821555-931223] y. e. /1. (Tab1. 4)
Mukybanys HeHTpoduIoB ¢ CBIBOPOTKOM MaryeH-
TOB C CEIITUYECKUM IIIOKOM B TeueHue 10-15 MUHyT
pUBOIMIIA K 1e(pocOpUINPOBAHUIO (AKTUBAIIIN)
depmenTa, cHIKAs cofepskanne gocdopuaupo-
BaHHOH (popmbl 'CK-3 6eta B 2 pasa (p<0,05) — 1o
3HaueHus 412743[400532-445331] y. e. 7. (Tabu. 4),
He OKa3blBasg BJIMAHUA Ha CofepyKaHue caMoro
¢epmenTa B HeliTpouiax. [JobaBaeHre xjiopuaa
JINTHST B KOHIEHTPAIMU 9 MMOJIb K MHTAKTHBIM
HelTpoduIaM 3HAYMMO YBEJINYNBAJIO B HUX COfIep-
skaame (Qocdo-I'CK-3 beta — mo 3HAYEHUSA
2407799 [2201343-2938373] y. e. . (p=0,002) (Ha
270%). JlobaBJieHne XJI0pUIa JUTUS B KOHIIEHTPA-
mmu 0,3 MMOJIb B Cpely MHKyOaIiuu HERTPOdMIoB
C CBIBOPOTKOHM KPOBH ITAIIHEHTOB C CENTUYECKUM
IIOKOM 3HAYMMO He BJIMAJIO Ha CojfepsKaHue
docdo-IT'CK-3 Oera B HeUTpodmIax
478755 [400532-445331] y. e. J1., B TO BpeMs Kak
nobaByieHre XJIOPH/IA JUTHS B KOHIEHTPAIuU 3
MMOJIb YBEJTUUUBAJO cofepsranue ¢ocgo-I'CK-3
Oera B HEHUTpOMIaX TPAKTUYECKH 0 3HAYEHUS
B KOHTpoJie — 858454 [810535-955723] (p=0,006)
y. e. J. YBeJnueHUe KOHIIEHTpalUU XJIOpHIa
Jgutus 10 9 MM etiie 60J1ee, TPAaKTUYECKU B 2 pa3a
OT IIOKa3areJisi B KOHTPOJIE, YBEJINUNBAJIO COEP-
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[TosryueHHBIE 9KCTIEPUMEHTATIbHbBIE PE3YJIh-
TaThbl IOATBEPANIN BIAUSHUE XJTOPUAA JIUTUA HA
docdopunuposanne 'CK-3 6eTa B HeUTpomIax,
Y B 9TOU CBSI3U NIPEACTABJISIETCS JIOTUYHBIM IIPeI-
TIOJIOKHUTD, YTO XJIOPUL JIUTHUSI CITOCOOEH MOTYIH -
poOBaTh BOCIAIUTETbHYIO aKTUBAIHIO HeUTpodu-
JIOB IOJ, JeHCTBUEM CBIBOPOTKH HAIMEHTOB C
CeNTUYeCKUM II0OKoM, OJtaromapsi pocopuampo-
Bauwuio 'CK-3 6era B HelTpoduIax.

JlaHHOe rccse[oBaHme MPOJEMOHCTPUPOBAIIO,
YTO OIUVH 13 BO3MOYKHBIX Iy Tel peaTn3aliiy MpoTu-
BOBOCTIQJINTETHHBIX CBOMCTB XJIOPHAA JIUTHUSA MOKET
ocy1iecTBJisieTcs yepes dochopunuponanue ['CK-
3 6era B HEUTpO(DUIAX, YTO, B CBOIO OYepEb, TPUBO-
JTUT K CHY;KEHHIO 9KCIIPEeCCUH Ha ITOBEPXHOCTU HeH -
TpoduiaoB MapkepoB aerpanyisitun CD11b u
CD66b. IIpy aTOM BaKHO OTMETHUTH, YTO PACTBOP
JINTUS XJIOPU[IA YBEJIUUUBAET CIOCOOHOCTH HEHTPO-
(pr10B K CITOHTAHHOMY a0 TO3Y 1, BEPOSITHO, OyIIeT
CI0COOCTBOBATH pa3pelleHnIo BociaaeHus. Peayns-
TaTbl NMPOBENEHHOIO WCCJEIOBAHUSI OTKPBIBAIOT
MepCIIeKTUBbI TPUMEHEeHUsI XJI0pUaa JIUTUS IS
JIe4eHUsI «M30bITOYHOTO» BOCIIAJIEHHSI TIPU OAKTEPH-
QJIbHOM CeTICHCe, OJHAKO 9TU O0HaIesKMBAIOIIHE
JTaHHbIe TPeOYIOT IOTBEPSKIEHIA B MOAIEJIAX in Vivo,
YTO, BO3MOYKHO, [I03BOJIUT UHUIIUMPOBATh KIMHIYe-
CKOe UCTIbITaHNe XJIOPU/IA JINTHUS JIJIS1 U3YUEHHs ero
IIpeJoJiaraeMbIX OPraHOIPOTEKTOPHBIX U IPOTHU-
BOBOCHAJINTEIbHBIX CBOUCTB.
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