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Various animal models have been developed to mimic systemic inflammation in humans
(Seemann et al.,, 2017). These models can be classified into three major types: exogenous
administration of endotoxin, i.e. lipopolysaccharide (LPS) treatment, exogenous administration of
viable pathogens (inoculation with Escherichia coli), and disruption of the endogenous protective
barrier, i.e. cecal ligation and puncture model (Stortz et al., 2017; Seemann et al., 2017).
Lipopolysaccharide (LPS), a major component of the outer membrane of Gram-negative bacteria,
plays a key role in host-pathogen interaction with the innate immune system (Park and Lee, 2013,;
Maldonado et al., 2016). In total, the existing data suggest that shortly after LPS administration,
high levels of pro-inflammatory cytokines are released (Remick et al., 2000). This leads to the rapid
development of systemic inflammatory response syndrome (SIRS) and subsequent dose-dependent
mortality (Stortz et al., 2017). Thus, LPS can be used to study the pathophysiological processes of
endotoxemia or SIRS and as a model of endotoxic shock, but not of sepsis in general (Deitch, 1998;
Seemann et al., 2017).

Animal models of sepsis can provide significant insights into the complex pathophysiology of
sepsis-induced multiple organ dysfunction. Such models include intravascular infusion of endotoxin
or live bacteria, bacterial peritonitis, cercal ligation and perforation, soft tissue infection,
pneumonia, or meningitis models using different animal species including rats, mice, rabbits, dogs,
pigs, sheep, and nonhuman primates (Poli-de-Figueiredo et al., 2008). The most popular preclinical
sepsis model involves mice. Various mice models with different patterns have been generated,
among which endotoxin, bacterial infusion, cercal ligation and puncture, and colon ascendance stent
peritonitis models are the most commonly used (Hwang et al., 2019).

LPS stimulates the synthesis and release of several metabolites from mammalian phagocytes,
i.e. reactive oxygen species (ROS) that are considered to play a crucial role in the pathogenesis of
endotoxic shock via oxidative stress generation (Skibska et al., 2006; Torres-Rodriguez et al.,
2016). ROS may cause cellular damage by reacting with lipids, proteins, and DNA. Oxidative
modification of lipids and carbonyl derivatives of proteins mediated by ROS is called lipid
peroxidation and protein oxidation (Kehrer, 1993; Mehlhase and Grun, 2002). In the current study,
the blood lipid peroxidation and protein damage were evaluated in LPS-induced endotoxemia in
mice. Lipid peroxidation was measured as blood 2-thiobarbituric acid reactive substances (TBARS)
levels, while protein damage was assessed as the levels of aldehydic and ketonic derivatives of
oxidatively modified proteins in the blood.

Healthy male white Balb/c mice (Mus musculus), weighing about 20-30 grams and aged
about 2-3 months, were used in the experiments. The data were collected from 12 adult animals
divided into two groups, i.e. untreated control (6 animals) and LPS-induced systemic inflammatory
response syndrome (6 animals). The experiments were performed by the Guidelines of the
European Union Council and the current laws and were approved by the Ethical Commission
(2612/2016).

Lipopolysaccharide [Escherichia coli LPS 026:B6; Sigma-Aldrich Sp. z.0.0, Poznan, Poland,;
Iyophilized powder chromatographically purified by gel filtration (protein content < 1%) was used
for modeling systemic inflammatory response syndrome in mice. Shortly before use, LPS was
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dissolved in sterile normal saline (0.9% NacCl). Injections of LPS were administered once,
intraperitoneally, at a dose of 150 pg per mouse, as described by Blanqué and co-workers (1999)
and Yang and co-workers (2013). Negative control mice were injected with 0.9% NaCl. Samples
were collected 24 h after the last drug administration. Blood samples were taken from the caudal
vein using syringes in less than 1 min and transferred to tubes with K2-EDTA.

TBARS were measured using the method described by Kamyshnikov (2004). TBARS level
was expressed in nmol of malonic dialdehyde (MDA) per mL of blood. The carbonyl derivatives of
oxidatively modified proteins (OMP) rate was estimated using the reaction of the resultant carbonyl
derivatives of amino acids with 2.4-dinitrophenyl hydrazine (DNFH), as described by Levine and
co-workers (1990) and modified by Dubinina and co-workers (1995). Levels of carbonyl groups
were determined spectrophotometrically at 370 nm (aldehydic derivatives, AD) and 430 nm
(ketonic derivatives, KD), and expressed in nmol per mL of blood.

Results were expressed as mean = S.D. All variables were tested for normal distribution using
the Kolmogorov-Smirnov and Lilliefors tests (p>0.05) and homogeneity of variance was checked
by using Levene’s test. The significance of differences in parameters between untreated control and
treated groups was examined using a one-way analysis of variance (ANOVA). We also used
Bonferonni’s post-test (Zar, 1999). Statistical analysis was carried out in one way, i.e. the LPS-
induced systemic inflammatory response syndrome was compared with those of the untreated
control group. Differences were considered significant at p < 0.05. All statistical calculations were
performed on separate data from each group with STATISTICA 8.0 software (StatSoft Inc.,
Poland).

TBARS are end products of the terminal stages of lipid peroxidation (Gyuraszova et al.,
2018). The TBARS concentration was significantly increased in the LPS-exposed mice compared to
the untreated control group (23.14 + 3.44 nmolemL-1 vs 16.23 + 2.11 nmolemL-1, increase by
42.6%, p = 0.000). Intensification of free radical oxidation causes changes in proteins and their
structure. Such changes are presented as carbonyl derivatives consisting of aldehydic and ketonic
derivatives of OMP (Bargnoux et al., 2009; Hauck and Bernlohr, 2016). The concentration of
aldehydic derivatives of OMP was higher in the LPS-exposed group compared to the untreated
control mice (12.51 + 1.16 nmolemL-1 vs 4.22 + 0.56 nmol*mL-1, increase by 196.5%, p = 0.000).
LPS-induced systemic inflammatory response syndrome statistically significant increased the
concentration of ketonic derivatives of OMP, i.e. (11.25 = 1.13 nmolemL-1 vs 3.98 £ 0.22
nmolemL-1, increase by 182.7%, p = 0.000) compared to the untreated controls. Oxidative stress
has also been known to contribute to the pathophysiology of LPS-induced systemic inflammatory
response syndrome (Skibska et al., 2006; Pavlakou et al., 2017; Kurhaluk et al., 2017, 2018, 2020;
Kim et al., 2020). In this study, mice treated with LPS displayed increased blood levels of the lipid
peroxidation markers, TBARS, compared to saline-treated control mice. On the other hand, the
levels of oxidatively modified proteins were more increased (1.96 and 1.83-fold increased, p =
0.000) compared to saline-treated control mice.

These results are concordant with the acknowledged prooxidant properties of LPS (Skibska et
al., 2006; Torres-Rodriguez et al., 2016). These findings are in good agreement with recent studies
showing that the systemic administration of LPS generally leads to the fulminant release of ROS,
which is produced during the leukocyte respiratory induced oxygen burst induced by the LPS
(Goode and Webster, 1993; Skibska et al., 2006; Kurhaluk et al., 2017, 2018, 2020). Macrophages
activated by LPS lead to the overproduction of ROS (Lee et al., 2012; Zhang et al., 2019). On the
other hand, the excess production of ROS is revealed to play a key role in potentiating macrophage
activation, which eventually leads to excessive inflammation, resulting in various inflammatory
diseases (Xu et al., 2015; Sheu et al., 2018; Zhang et al., 2019). Pedruzzi and co-workers (2012) and
Ren and co-workers (2019) revealed that the nucleus translocation of nuclear factor erythroid 2-
related factor 2 (Nrf2) is an important regulator in regulating the expression of antioxidant and anti-
inflammatory factors in cell life activities. Moreover, Nrf2 is essential for suppressing ROS-induced
inflammatory response (Zhao et al., 2014).
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It is clear that while LPS induces oxidative stress, the combination of both oxidations of lipids
and proteins is more highly toxic to the organism. As a consequence, protein damage and lipid
peroxidation in the blood is highly expanded.
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Konrtpakrypa (;1at. contracture — cTsraHHs, 3BY)KEHHsI) € OOMEKEHHSIM PYXJIMBOCTI B CyTJI001,
10 CIPUYMHIOIOTH 3MIHM Y M’AKMX TKaHMHAX, OTO4yro4Mx cyrino0. KonTpakrypa moxe Oytu
BpoKeHOM0 Ta HabyToro (R. M. Embertson, 1994).

[TocTHaTanpbHa KOHTpPAKTypa 3TMHAYIB MaNbLIB y KOHEW 3a3BUYail BUSBISETHCS Yy Bili 5-6
MICSIIiB, KOJIM JIOIIA TOYMHAE AKTHBHO POCTH Ta HabuwpaTu Bary. HailieeKTHBHIIIMM METOAOM
JMIKyBaHHSI BBA)XA€TbCA JECMOTOMis A0 6 MICSIB, OApa3y Mmicis 1arHOCTUKH JAaHOi MaToJOTii.
[IpoTe HaBiTH 3a BUKOHAHHS OIEPATUBHOIO BTPYYAHHS MPOTHO3 MIOAO MOBHOTO BiIHOBJICHHS
(GYyHKI10HAJILHOTO CTaHy KiHLIBOK € cyMHIBHUM (J. R. Rooney, 1985; A. Tnibar, 2010).

O06’exTOM nOCTiKEHHS OYB KiHb MOPOJIU YKpaiHChKa BepxoBa, 2016 poKy HapOmKeHHS, 1110
HaQJICKUTh IPUBATHOMY BJIACHUKY Ta YTPUMYETHCS Y M. XapKiB.

B nocnimxyBaHOMY BHITaJKy OINEpaTUBHE BTPYYaHHS HE JAJI0 TO3UTHUBHOTO PE3yNbTaTy Ta
yepe3 pIK-MIBTOpa TBapHHA Majla BUpPaXXEHE BMIIAJIHHS IIyTOBOIO cyrjoba BIepesl Ha IpaBii
TPY/HINA KIHIIIBIl, TOMIPHE BHUITAIIHHS Ha BCIX IHIIMX KiHIIBKAX, Ta TOPICBI KOTHTA.

VY Billl IBOX POKIB KiHb MaB aKTHBHHMH IIOJICHHUM MOIIIOH, OCKUIBKH BHUIIACaBCS Pa3oM 3
TaOyHOM Yy MO YBECh TEIUIMI ce30H poky. Ili1 yac X0ja0qHOrO mepiony TBapUHY BUTYJIIOBAIH Y
JeBaJl Ta JABIYl Ha TIDKICHb IpaloBald Ha Kopai. Pazom 3 TUM mpoBoauiacs po3dUCTKa 3
perymsipHicTio y 2 wmicsi. OCKUTBKM KOIMUTa Malld TOpIEBY (opmy, daHa MaHIMyJsIis Oyria
CIpsIMOBaHA Ha 3HauHYy OOPI3Ky I’ATKOBOI YaCTMHM KOMMTA, TAKUM YHMHOM, 1100 NEPEHOCUTH Bary
TiJla TBapUHM Ha3aJ Ta BUPIBHIOBATH KyT IyTOBOro cyrioba. Ilicis 6iu3bko 2 poKiB aKTMBHOIO
MOILIIOHY Ta KOPEKTHOI PO3YUCTKH BJAAJOCS BHUPIBHATH KyT IIYyTOBOIO cCyrjioba 10 Maixe
BEPTUKAJIBHOTO, 1[0 3HAYHO TTOJICTTITYE PyX TBAPUHH.

Ha MoMeHT npoBeieHHs IPeICTaBIEHOr0 JOCIIKEHHs TBapuHi OyJ10 6 POKIB.

Mema oOocniodcenv: natm eKCHepUMEHTAlbHE MIATBEPIKEHHS €(EKTUBHOCTI crenudiuyHol
PO3UUCTKHM Ta aKTUBHOT'O MOIIIOHY Y KOPEKIil CTaHy KOHS 3 BPOJKEHOI0 KOHTPAKTYpOIO 3THHAYIB
TMaJIbIlIB.

Memoouxa oOocnioxcenv. JIns NOCATHEHHS MeTH Oynu BUOpaHI HACTyNHI 3axoaud —
MpoBeJIeHHS! peHTreHorpadii Ta 1a00paTOpHOI JIarHOCTHKU CHUPOBAaTKU KpoBl. PeHTrenorpadis
Oyna mpoBezieHa y OOKOBiM MpoeKIii MyTOBOTo, BIHIIEBOI'O Ta KOMUTHOTO CYrJoOiB, Ta JOPCO-
JaTepaibHI Tpoekiii 3am’sScTKOBOro cyrioda TpynHOI MpaBoi KIHIIBKH 13 3aCTOCYBaHHSIM
pentren-anapaty «ARMAN-2». [lig yac maGopaTopHOi MiarHOCTHKH JOCITIJKYBAIM HACTYIIHI
NMoKa3HUKH: ¢pakmii riaiko3amidorimikadiB  (I'ADY), XoHapoiTHHCYynb(aTH, ciaJoBl KHUCIOTH,
CepoMyKOinu Ta riikonpoTeiHnu. JlaHi mokasHMkM Oynu oOpaHi JUIs OLIHKM CTaHy XpAILIOBOT
TKaHWHU y cyrioOax. JlabopaTopHa miarHOCTMKA BHKOHYBajlach Ha 0a3i KJIIHIKO-/11arHOCTHYHOI
nabopatopii «AnBic-kiac» (M. XapkiB).

Pesynemamu  Oocnioxceny ma ix inmepnpemayis. Pe3ynbTaTH peHTTEHOMIarHOCTHKH
MyTOBOTO, BIHLIEBOTO Ta KOMHUTHOIO Cyrio0a MpaBoi TPYAHOI KIHIIBKH JalOTh MOJKJIMBICTh
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