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Effectiveness of various regimens of systemic
anti-inflammatory therapy with glucocorticoids
in the development of acute LPS-induced lung
damage in the experiment
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BACKGROUND: When studying new and effective methods of treating acute respiratory distress syndrome, an immuno-
genic model of lung injury occupies a special place. To date, the search for the optimal strategy and regimen for the use of
glucocorticoids in the development of acute respiratory distress syndrome is relevant.

AIM: The article evaluates the effectiveness of various schemes of systemic anti-inflammatory therapy with glucocorticoids
in an experimental model of acute LPS-induced lung injury.

MATERIALS AND METHODS: The study was conducted on 100 outbred male rats. Acute lung injury was modeled using an
experimental model of direct acute lung injury by a single intratracheal injection of lipopolysaccharide (LPS) from the cell wall of
the bacterium Salmonella enterica (Sigma-Aldrich) at a dose of LD50 (20 mg/kg). All animals were divided into groups (20 each):
1 — intact rats; 2 — control group (LPS + saline); 3 — LPS + dexamethasone 0.52 mg/kg (small doses); 4 — LPS + dexa-
methasone 1.71 mg/kg (average doses); 5 — LPS + dexamethasone 8 mg/kg (high doses). The drugs were adminis-
tered intraperitoneally once a day for 3 days. Dexamethasone doses were calculated using the interspecies dose transfer
method using a factor that takes into account differences in body surface area.

RESULTS: It has been established that an experimental model based on the endotracheal administration of S. enterica
leads to the development of mortality from pulmonary causes. According to a preclinical study, the systemic use of low doses
of dexamethasone (0.52 mg/kg) was found to be better than higher doses (1.71 mg/kg, 8 mg/kg) in the treatment of acute
LPS-induced lung injury.
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3¢ddeKTUBHOCTD NPUMEHEHUS Pa3/IMYHbIX CXEM
CUCTEeMHOM NPOTUBOBOCNANUTENIbHOWU Tepanuu
rMIOKOKOPTUKOUAAMMU NPU PasBUTUM OCTPOro
JINC-uHAYUUpPOBaAHHOrO NOBPEXAEHUA NErKux
B 3KCMepuMeHTe

B.B. Canyxos, H.W. BonowwuH, M.W. lWnepauHr

BoeHHo-MeaunumHcKas akagemus umenn C.M. Kuposa, Cakr-lletepbypr, Poccus

AkmyanerHocme. py U3y4eHnn HoBbIX M 3G EKTUBHBIX METOAO0B JIEYEHUS OCTPOrO PECNMPATOPHOrO AMCTPeCC-CUHAPOMa
0coboe MecTo 3aHUMaeT UMMYHOTeHHas MOfe/b NOBPEXAEHUs Nerkux. Ha cerofHsWHWA fAeHb aKTyanbHbIM SBNSETCA No-
WUCK ONTUMAbHOI CTPATETUM W PeXXUMa NPUMEHEeHMS! TIIOKOKOPTUKOMOB NPU Pa3BUTUM OCTPOrO PECTIMPATOPHOro AMCTpecc-
CUHApOMa.

Llene uccnedosaHus — oueHKa 3PHEKTUBHOCTU NPUMEHEHWUA PA3NMYHBIX CXEM CUCTEMHOM NPOTUBOBOCMANMTENLHON
Tepanu rioKOKOPTUKOMAAMM Ha 3KCNepPUMEHTaNbHOIM MOAENN 0CTPOro IMNONoAMCcaxapua-MHAYLMPOBAHHOM0 NOBPEXAEHNS
NErkux.

Mamepuanel u Memodel. ViccnepoBanue nposefeHo Ha 100 becnopoaHbIx Kpbicax-camuax. OcTpoe noBpexaeHue ner-
KMX MOZIeNIMPOBAIN NOCPEACTBOM 3KCTEPUMEHTAbHON MOZENM NPSAMOT0 OCTPOrO MOBPEXAEHUA JIETKUX METOLLOM OJHOKpaT-
HOTO MHTpaTpaxeasibHOro BBEAEHMS IMNOMNoaMcaxapiaa KNeTouHoit cTeHku baktepum Salmonella enterica («Sigma-Aldrich»)
B fnose JIA50 (20 mr/kr). Bce xwuBoTHble Oblnn paspeneHbl Ha rpynnbl (no 20 Kawpas): 1 — WHTaKTHbIE KPbIC;
2 — KOHTpObHasA rpynna (nMnononucaxapua + G13nonormyeckui pacteop); 3 — nunononmcaxapug, + aexkcametasoH 0,52 Mr/kr
(Manble [o3bl); 4 — nunononucaxapua + fexkcametasoH 1,71 Mr/kr (cpefHue [o3bl); 5 — nunononucaxapua + feKcame-
Ta30H 8 Mr/Kr (Bbicokue fo3bl). [lpenapatbl BBOAMAM BHYTPUOPHOLUMHHO OAMH pa3 B feHb B TeyeHue 3 cyT. [lo3bl fAeKcame-
Ta30Ha PacCUMTLIBANIUCL MO METOAY MEXBUA0BOIO MepeHoca A03 C MPUMEHEHUEM KO3PGOULMEHT], YUUTLIBAIOLLLETO PasHULY
B MOLLAAMN NOBEPXHOCTU Tena.

Pe3ynemamel uccnedoearus. YCTaHOBNEHO, YTO 3KCMEPUMEHTaNbHAs MOAESb Ha OCHOBE 3HA0TPaxeasnbHoOro BBeEHNUSA
S. enterica NpUBOJMT K Pa3BUTUIO NETANILHOCTM OT NErOYHbIX NPUYMH. 10 AaHHBIM NPOBEEHHOr0 AOKIMHUYECKOr0 UCCneao-
BaHMs YCTaHOB/EHa NyyLas 3QeKTUBHOCTb CUCTEMHOTO NPUMEHeHUs Manbix 03 AexcameTasoHa (0,52 Mr/Kr) no cpaBHe-
Huio ¢ Bonee BbicokMMM fo3amm (1,71 Mr/Kr, 8 Mr/Kr) npu neyeHnn ocTporo AMNONOAMCaXapua-HAYLMPOBAHHOMO MOBPEX-
AEHUS NIETKUX.

KnioueBble cnoBa: MIOKOKOPTUKONAbI; AeKCaMeTa30H; AOK/INHMYeCKoe uccnenoBaHue; UMMyHoreHHaa Moeslb NoBpex-
OEeHUA NerKux; nunonosiMcaxapup; octpoe noBpexaeHune Jierkux; OCprIVI pecnwpaToprlﬁ ancTpecc-cuHOpoM.
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BACKGROUND

In the search for new and effective methods of treat-
ing acute respiratory distress syndrome (ARDS), an
immunogenic model of lung injury is significant [1, 2].
The most studied models of immunogenic ARDS are
those with endotracheal administration of lipopolysac-
charide (LPS). Endotoxin (LPS of the cell wall of gram-
negative bacteria), which has a high immuno- and pyro-
genicity, administration can cause both local (massive
infiltration of neutrophils into the lungs, microthrom-
bosis, interstitial and alveolar edema, death of alveo-
lar epithelial cells, and macrophage activation) and sys-
temic (excessive production cytokines and chemokines,
endothelial dysfunction, and impaired microcirculation)
pathological processes [3-5]. To date, the systemic
anti-inflammatory and membrane-stabilizing effects of
glucocorticoids have been proven in various immuno-
inflammatory diseases, including ARDS; however, the
optimal dose and mode of their use remain unresolved
(1, 6, 71.

The study aimed to evaluate the efficiency of vari-
ous schemes of systemic anti-inflammatory therapy
with glucocorticoids in an experimental model of acute
LPS-induced lung injury.

MATERIALS AND METHODS

A preclinical study was conducted on 100 outbred
male rats. Acute lung injury was modeled using an ex-
perimental model of direct acute lung injury by single in-
tratracheal administration of LPS from the cell wall of the
bacterium Salmonella enterica (Sigma-Aldrich, MA, USA)
at a dose of LDy, (20 mg/kg) [4]. All animals were divided
into groups (n = 20 each), where group 1 included in-
tact rats, group 2 was the control (LPS + saline), group 3
received LPS + dexamethasone 0.52 mg/kg (small dos-
es), group 4 received LPS + dexamethasone 1.71 mg/kg
(average doses), and group 5 received LPS + dexametha-
sone 8 mg/kg (high doses). The drugs were administered
intraperitoneally once a day for 3 days. Dexamethasone
doses were calculated by interspecies dose transfer us-
ing a coefficient that considers the difference in the body
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surface area [8]. During the experiment, the survival rate,
laboratory and clinical parameters (physical inactivity,
cyanosis of the extremities, tachypnea, and dyspnea),
temperature, and bodyweight of the animals were as-
sessed. The mass coefficient of the lungs (ratio of the
mass of the lung complex to the mass of the animal) was
also calculated [4].

Statistical analysis. To test the hypotheses, an elec-
tronic database obtained as a result of the experiment was
created using Microsoft Office 365 Excel, followed by sta-
tistical processing of the results in GraphPad Prism 8.0.
The study results were presented as median and upper
and lower quartiles Me [Q1; Q3]. When comparing the me-
dian and relative frequency of indicators of groups with a
normal distribution, the Kruskall-Wallis test was used,
followed by a posteriori pairwise comparison using the
Dunn test, taking into account the Bonferroni correction.
The significance level was set p < 0.05. The relationship
between qualitative indicators, at two levels each, was
assessed by constructing four-field contingency tables
and calculating Pearson’s y? criterion based on them, and
when the number of cases per cell of the four-field table
was <5, Fisher’s exact test was used.

RESULTS

In group 2 (control group), a statistically significant
increase in lung mass coefficient was noted after intra-
tracheal administration of LPS at a dose of 20 mg/kg
compared with group 1 (intact animals) (p < 0.0001).
In the intraperitoneal administration of dexamethasone
at doses of 0.52 and 8 mg/kg in groups 3 and 5, respec-
tively, significantly lower median lung mass coefficients
were obtained when the values of this indicator were
compared with those in the control group (p = 0.0016 and
p = 0.0003, respectively) (Table 1).

Compared with the control group, group 5 (8 mg/kg
intraperitoneal dexamethasone) showed a statistically
significant decrease in sodium concentration in the ve-
nous blood (p = 0.001). In groups 4 and 5, significantly
high median potassium (K) concentrations in the venous
blood were recorded when compared with the concen-
tration in the control group (p = 0.002 and p = 0.008).

Table 1. Indicators of the mass coefficient of the lungs 72 h after treatment for 3 days and their comparison with the control group*

Group No. Group description Lung mass factor | p (Dunn post-hoc test**)
1 Intact animals 7.48* [5.7; 8.0] <0.0001
2 Control, LPS 20 mg/kg i/t 12.53 [12.02; 14.02] -
3 LPS 20 mg/kg i/t + dexamethasone 0.52 mg/kg i/p 8.59* [8.25; 10.56] 0.0016
A LPS 20 mg/kg i/t + dexamethasone 1.71 mg/kg i/p 11.84 [9.64; 12.87] 0.5
5 LPS 20 mg/kg i/t + dexamethasone 8 mg/kg i/p 8.39* [7.51; 9.72] 0.0003
* — Differences are statistically significant relative to the values in the control group (p < 0.05, Kruskall-Wallis test);

** — hereinafter, a test of aposterior intergroup comparison of variables.
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The serum concentration of ionized calcium (iCa)
was significantly higher in group 4 (1.71 mg/kg intra-
peritoneal dexamethasone) than in the control group.
The median concentration of venous blood glucose was
significantly higher in groups 3-5 than in the control group
(Table 2).

During intraperitoneal administration of dexametha-
sone, significant intergroup differences were noted in the
absolute count and percentage of lymphocytes, mono-
cytes, and granulocytes in groups 3-5 (Table 3).

In these groups (dexamethasone), a statistically sig-
nificant increase was found in soluble fibrin-monomer
complexes (SFMC) after intratracheal administration of
LPS at a dose of 20 mg/kg compared with group 1 (intact
animals) (p < 0.001), which probably indicated thrombo-
genesis activation. Moreover, an increase in the dose of
dexamethasone was associated with higher SFMC rates
(Table 4).
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Statistically significant differences were found in the
incidence of clinical parameters such as physical inactiv-
ity, cyanosis of the extremities, tachypnea, and dyspnea
between groups 1 and 3-5 and the control group (2)
(p < 0.001, Fisher’s exact test).

In the intragroup comparison, bodyweight changes were
statistically significant in all test groups compared with
baseline values at the start of the experiment (p < 0.05,
pairwise Wilcoxon test). In addition, no significant differenc-
es in the weight changes were found between the groups.

In the analysis of survival rates in the groups, the use
of intraperitoneal dexamethasone at low doses (0.52 and
1.71 mg/kg) once a day for 3 days positively affected the
survival rate in acute LPS-induced lung injury, as on day 4
in the corresponding groups, only one lethal outcome (5%)
was detected. In rats treated with dexamethasone at
a dose of 8 mg/kg, the lethality rate was 25% (n =5),
whereas in the control group, it was 45% (n = 9).

Table 2. Blood sodium, potassium, and glucose levels of laboratory animals, 72 h after treatment for 3 days and their comparison with

the control group

Group . Indicators
Group description :
No. Na, mmol/L K, mmol/L iCa, mmol/L Glucose, mmol/L
. 142 4.3 1.45 8.55
2 Control, LPS 20 mo/kg it [139; 144] [3.9; 4.6] [1.26; 1.49] [7.77; 8.77)
3 LPS 20 mg/kg i/t + dexamethasone 140.5 4.6 1.44 1.7+
0.52 mg/kg ip [139.2; 141] [4.48; 5.98] [1.36; 1.49] [9.99; 11.63]
4 LPS 20 mg/kg i/t + dexamethasone 140 4.9 1.52* 12.22*
1.71 mg/kg i/p [139; 141] [4.8; 5.6] [1.47; 1.53] [9.97;13.72]
5 LPS 20 mg/kg i/t + dexamethasone 137% 5.0* 1.43 11.44*
8 mg/kg i/p [136.5; 138.5] [4.75; 5.35] [1.34; 1.56] [10.68; 14.81]
p (Kruskall-Wallis test) <0.001 0.0013 0.02 <0.001
* — p < 0,05, Dunn post-hoc test.
Table 3. Indicators of the clinical analysis of blood of laboratory animals
Group Group Leuko- | Lympho- Mono- Granulo- Lympho- | Mono- Erythro- Hem.o— Platelets,
No description cytes, cytes, cytes, cytes, cytes, % | cytes, % cytes, globin, 10°/L
: 10°/L 10%/L 10°/L 10%/L ' ' 1017/L g/L
9 Control, LPS 1.7 5.4 0.4 1.5 74 5 75 15.2 519
20 mg/kg i/t [7.2;10.2] [4.6;5.8] [0.3;05] [1.3;1.7]  [73;75] [5; 6] [7.4;7.71 [15;16] [515; 592
LPS 20 mg/kg
3 i/t + dexa- 6.1 1.8* 0.8 3.2* 32* 13* 7 15 548
methasone  [5.8;6.8] [1.7;2.1] [0.7;0.9] [3.1;3.8] [29;36]  [11; 14] 7; 71 [15; 16]  [504; 599]
0.52 mg/kg i/p
LPS 20 mg/kg
4 i/t + dexa- 8 2* 1* 5* 22* 12 7 15 511
methasone [7; 11] [1; 3] [0.5; 1.5] [4; 6] [20; 301  [11;19] [7; 8] [15; 171  [bb4; 568]
1.71 mg/kg i/p
LPS 20 mg/kg
5 i/t + dexa- 8.5 2.4* 1.3 4.5* 30.5* 15.3* 7.7 163 410*
methasone  [7.2; 10.11  [1.6; 3] [1; 1.4] [4.1; 6] [29; 34] [13.3;15.7] [7.3;7.91 [15.5; 16.4] [335; 449]
8 mg/kg i/p
p (Kruskall-Wallis test) ~ <0.001 0.012 0.009 <0.001 <0.001 0.001 0.28 0.19 0.021

* — p < 0,05, Dunn post-hoc test.
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Table 4. Content of SFMC in the blood of laboratory animals
Group No. Group description SFMC, g/L x 102
1 Intact animals 6.75[5.8; 9]
2 Control, LPS 20 mg/kg i/t 9 [8.9; 10]
3 LPS 20 mg/kg i/t + dexamethasone 0.52 mg/kg i/p 13* [12; 17]
4 LPS 20 mg/kg i/t + dexamethasone 1.71 mg/kg i/p 12.5* [10.75; 17.9]
5 LPS 20 mg/kg i/t + dexamethasone 8 mg/kg i/p 14.5* [12.5; 18.75]

p (Kruskall-Wallis test)

<0.001

* — p < 0,001, Dunn post-hoc test.

Thus, the induction of acute lung injury in laboratory
animals by endotracheal administration of S. enterica
LPS leads to early mortality (45%, 9/20) and deterioration
of clinical, laboratory, and morphological (lung mass co-
efficient) parameters. By the end of day 3, a statistically
significant decrease in the mass coefficient of the lungs
was noted in the group treated with dexamethasone at
doses of 0.52 and 8 mg/kg, compared with the control
group and the group treated with 1.71 mg/kg. The use
of intraperitoneal dexamethasone at low doses (0.52 and
1.71 mg/kg) once a day for 3 days exerted a positive ef-
fect on the survival rate in acute LPS-induced lung injury.
Animals receiving dexamethasone had higher levels of
glucose, potassium, ionized calcium, and SFMC, which
was probably due to the side effects of glucocorticoid
therapy. An increase in the dose of dexamethasone was
associated with the activation of thrombogenesis. No sig-
nificant differences were found in the dynamics of clinical
parameters between groups receiving dexamethasone.

CONCLUSIONS

1. The induction of acute lung injury on a model of
small laboratory animals through endotracheal ad-
ministration of S. enterica LPS leads to early mortality
(45%, 9/20) and deterioration of clinical, laboratory, and
morphological (lung mass coefficient) parameters.

2. By the end of day 3, a statistically significant de-
crease was found in the mass coefficient of the lungs in
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