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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 syndromе 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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Эффективность применения различных схем 
системной противовоспалительной терапии 
глюкокортикоидами при развитии острого 
ЛПС-индуцированного повреждения легких 
в эксперименте
В.В. Салухов, Н.И. Волошин, М.И. Шперлинг
Военно-медицинская академия имени С.М. Кирова, Санкт-Петербург, Россия

Актуальность. При изучении новых и эффективных методов лечения острого респираторного дистресс-синдрома 
особое место занимает иммуногенная модель повреждения легких. На сегодняшний день актуальным является по-
иск оптимальной стратегии и режима применения глюкокортикоидов при развитии острого респираторного дистресс-
синд рома. 

Цель исследования  — оценка эффективности применения различных схем системной противовоспалительной 
терапии глюкокортикоидами на экспериментальной модели острого липополисахарид-индуцированного повреждения 
легких. 

Материалы и методы. Исследование проведено на 100 беспородных крысах-самцах. Острое повреждение лег-
ких моделировали посредством экспериментальной модели прямого острого повреждения легких методом однократ-
ного интратрахеального введения липополисахарида клеточной стенки бактерии Salmonella enterica («Sigma-Aldrich») 
в дозе ЛД50 (20 мг/кг). Все животные были разделены на группы (по 20 каждая): 1 — интактные крысы; 
2 — контрольная группа (липополисахарид + физиологический раствор); 3 — липополисахарид + дексаметазон 0,52 мг/кг 
(малые дозы); 4 — липополисахарид + дексаметазон 1,71 мг/кг (средние дозы); 5 — липополисахарид + дексаме-
тазон 8 мг/кг (высокие дозы). Препараты вводили внутрибрюшинно один раз в день в течение 3 сут. Дозы дексаме-
тазона рассчитывались по методу межвидового переноса доз с применением коэффициента, учитывающего разницу 
в площади поверхности тела. 

Результаты исследования. Установлено, что экспериментальная модель на основе эндотрахеального введения 
S. enterica приводит к развитию летальности от легочных причин. По данным проведенного доклинического исследо-
вания установлена лучшая эффективность системного применения малых доз дексаметазона (0,52 мг/кг) по сравне-
нию с более высокими дозами (1,71 мг/кг, 8 мг/кг) при лечении острого липополисахарид-индуцированного повреж-
дения легких.

Ключевые слова: глюкокортикоиды; дексаметазон; доклиническое исследование; иммуногенная модель повреж-
дения легких; липополисахарид; острое повреждение легких; острый респираторный дистресс-синдром.
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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 р (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

4 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.

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, 7].

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 LD50 (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 

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 χ2 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). 
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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 
No. Group description

Indicators

Na, mmol/L K, mmol/L iCa, mmol/L Glucose, mmol/L

2 Control, LPS 20 mg/kg i/t 142
[139; 144]

4.3
[3.9; 4.6]

1.45
[1.24; 1.49]

8.55
[7.77; 8.77]

3 LPS 20 mg/kg i/t + dexamethasone 
0.52 mg/kg ip

140.5
[139.2; 141]

4.6
[4.48; 5.98]

1.44
[1.36; 1.49]

11.17*
[9.99; 11.63]

4 LPS 20 mg/kg i/t + dexamethasone 
1.71 mg/kg i/p

140
[139; 141]

4.9*
[4.8; 5.6]

1.52*
[1.47; 1.53]

12.22*
[9.97; 13.72]

5 LPS 20 mg/kg i/t + dexamethasone 
8 mg/kg i/p

137*
[136.5; 138.5]

5.0*
[4.75; 5.35]

1.43
[1.34; 1.56]

11.44*
[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 
No.

Group 
description

Leuko-
cytes,
109/L

Lympho-
cytes,
109/L

Mono-
cytes,
109/L

Granulo-
cytes,
109/L

Lympho-
cytes, %

Mono-
cytes, %

Erythro-
cytes,
1012/L

Hemo-
globin, 

g/L

Platelets,
109/L

2 Control, LPS 
20 mg/kg i/t

7.7
[7.2; 10.2]

5.4
[4.6; 5.8]

0.4
[0.3; 0.5]

1.5
[1.3;1.7]

74
[73; 75]

5
[5; 6]

7.5
[7.4; 7.7]

15.2
[15; 16]

519
[515; 592]

3

LPS 20 mg/kg 
i/t + dexa-
methasone 

0.52 mg/kg i/p

6.1
[5.8; 6.8]

1.8*
[1.7; 2.1]

0.8
[0.7; 0.9]

3.2*
[3.1; 3.8]

32*
[29; 36]

13*
[11; 14]

7
[7; 7]

15
[15; 16]

548
[504; 599]

4

LPS 20 mg/kg 
i/t + dexa-
methasone 

1.71 mg/kg i/p

8
[7; 11]

2*
[1; 3]

1*
[0.5; 1.5]

5*
[4; 6]

22*
[20; 30]

12*
[11; 15]

7
[7; 8]

15
[15; 17]

511
[444; 568]

5

LPS 20 mg/kg 
i/t + dexa-
methasone 
8 mg/kg i/p

8.5
[7.2; 10.1]

2.4*
[1.6; 3]

1.3*
[1; 1.4]

4.5*
[4.1; 6]

30.5*
[29; 34]

15.3*
[13.3; 15.7]

7.7
[7.3; 7.9]

16.3
[15.5; 16.4]

410*
[335; 449]

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.

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).

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).
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Table 4. Content of SFMC in the blood of laboratory animals

Group No. Group description SFMC, g/L × 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; 17.5]
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 

animals treated with dexamethasone at doses of 0.52 and 
8 mg/kg, compared with the control animals and animals 
receiving 1.71 mg/kg of dexamethasone.

3. The use of intraperitoneal dexamethasone at low 
doses (0.52 and 1.71 mg/kg) once a day for 3 days posi-
tively affected the survival rate in LPS-induced lung in-
jury, as the mortality rate by the end of day 3 was 5% 
(1/20).

4. Dexamethasone-treated animals had higher levels 
of glucose, potassium, ionized calcium, and SFMC, which 
is probably due to the side effects of glucocorticoid ther-
apy. Notably, an increase in the dose of dexamethasone 
was associated with the activation of thrombogenesis. 
No significant differences were found in the changes in 
clinical parameters over time between the groups receiv-
ing dexamethasone.

ADDITIONAL INFORMATION
Funding. The study had no external funding.
Conflict of interest. The authors declare no conflict of in-

terest.
Ethical considerations. The study was approved by the lo-

cal ethics committee of the S.M. Kirov Military Medical Acad-
emy, Ministry of Defense of the Russian Federation (Protocol 
No. 258 dated 12/21/2021).

Author contributions. All authors made a significant con-
tribution to the study and preparation of the article, read and 
approved the final version before its publication.

REFERENCES
1. Salukhov VV, Kharitonov MA, Kryukov EV, et al. Topical issues of 
diagnostics, examination and treatment of patients with COVID-19-asso-
ciated pneumonia in different countries and continents. Medical Council. 
2020;(21):96–102. (In Russ.) DOI: 10.21518/2079-701X-2020-21-96-102
2. Gritsan AI, Yaroshetskiy AI, Vlasenko AV, et al. Diagnostics and 
intensive therapy of acute respiratory distress syndrome. FAR’s clinical 
guidelines. Russian Journal of Anаеsthesiology and Reanimatology. 
2016;61(1):62–70. (In Russ.) DOI: 10.17116/anaesthesiology20200215
3. Zvyagintsev DP, Shperling MI. On the issue of systemic endothe-
lial dysfunction in patients with severe COVID-19 and the presence of 

acute respiratory distress syndrome. Russian Military Medical Aca
demy Reports. 2021;40(S1–3):116–121. (In Russ.)
4. Pugach VA, Tyunin MA, Ilinskiy NS, et al. An experimental model 
of direct acute lung injury in rats caused by intratracheal administra-
tion of lipopolysaccharide from salmonella enterica. Journal Biomed. 
2021;17(3):84–89. (In Russ.) DOI: 10.33647/2074-5982-17-3-84-89
5. Korovin AE, Novitskiy AA, Makarov DA. Acute respiratory distress 
syndrome. Current state of the problem. Clinical pathophysiology. 
2018;24(2):32–41. (In Russ.)
6. Yubero S, Manso MA, Ramudo L, et al. Dexamethasone 
down-re gulates the inflammatory mediators but fails to reduce 



116

DOi: https://doi.org/10.17816/rmmar104619 

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ
Известия Российской 

Военно-медицинской академииТом 41, № 2, 2022

AUTHORS' INFO Об автОРах
Vladimir V. Salukhov, M.D., D.Sc. (Medicine), Associate Professor; 
ORCID: https://orcid.org/0000-0003-1851-0941; 
Scopus: 55804184100; eLibrary SPIN: 4531-6011; 
e-mail: vlasaluk@yandex.ru

владимир владимирович Салухов, докт. мед. наук, доцент; 
ORCID: https://orcid.org/0000-0003-1851-0941; 
Scopus: 55804184100; eLibrary SPIN: 4531-6011; 
e-mail: vlasaluk@yandex.ru

Nikita I. Voloshin, M.D., postgraduate student of Therapy of Doc-
tors Improvement Department; eLibrary SPIN: 6061-4342; 
e-mail: nikitavoloshin1990@gmail.com

Никита Игоревич волошин, адъюнкт первой кафедры 
(Терапии усовершенстования врачей); eLibrary SPIN: 6061-4342; 
e-mail: nikitavoloshin1990@gmail.com

*Maksim I. Shperling, M.D., clinical resident of Therapy of Doctors 
Improvement Department; address: 6, Akademika Lebedeva str., 
Saint Petersburg, 194044, Russia; eLibrary SPIN: 7658-7348; 
e-mail: mersisaid@yandex.ru

*Максим Игоревич Шперлинг, клинический ординатор 
первой кафедры (Терапии усовершенстования врачей); 
адрес: Россия, 194044, г. Санкт-Петербург, ул. Академика 
Лебедева, д. 6; eLibrary SPIN: 7658-7348; 
e-mail: mersisaid@yandex.ru

* Corresponding author / Автор, ответственный за переписку

the tissue injury in the lung of acute pancreatitis rat models. Pul
monary pharmacology and therapeutics. 2012;25(4):319–324. 
DOI: 10.1016/j.pupt.2012.05.009
7. Mikolka P, Kosutova P, Kolomaznik M, et al. Effect of differ-
ent dosages of dexamethasone therapy on lung function and in-
flammation in an early phase of acute respiratory distress syn-

drome model. Physiological research. 2019;68(Suppl 3):253–263. 
DOI: 10.33549/physiolres.934364
8. Shekunova EV, Kovaleva MA, Makarova MN, Makarov VG. Dose Se-
lection in Preclinical Studies: Cross-Species Dose Conversion. The Bul-
letin of the Scientific Centre for Expert Evaluation of Medicinal Products. 
2020;10(1):19–28. (In Russ.) DOI: 10.30895/1991-2919-2020-10-1-19-28

 
СПИСОК ЛИтЕРатУРЫ
1. Салухов В.В., Харитонов М.А., Крюков Е.В., и  др. Актуаль-
ные вопросы диагностики, обследования и  лечения больных 
с  COVID-19-ассоциированной пневмонией в  различных странах 
и  континентах  // Медицинский Совет. 2020. № 21. С.  96–102. 
DOI: 10.21518/2079-701X-2020-21-96-102
2. Грицан А.И., Ярошецкий А.И., Власенко А.В., и  др. Диа гностика 
и  интенсивная терапия острого респираторного ди стресс-синдрома. 
Клинические рекомендации ФАР  // Анестезиология и  реаниматоло-
гия. 2016. Т.  61, № 1. С.  62–70. DOI:  10.17116/anaesthesiology20200215
3. Звягинцев Д.П., Шперлинг М.И. К  вопросу о  системности 
эндотелиальной дисфункции у  больных с  тяжелым течением 
COVID-19 и  наличием острого респираторного дистресс-синд-
рома  // Известия Российской Военно-медицинской академии. 
2021. Т. 40, № S1–3. С. 116–121.
4. Пугач В.А., Тюнин М.А., Ильинский Н.С., и  др. Эксперимен-
тальная модель прямого острого повреждения легких у  крыс, 
вызванного интратрахеальным введением липополисахарида 
Salmonella enterica  // Биомедицина. 2021. Т.  17, № 3. С.  84–89. 
DOI: 10.33647/2074-5982-17-3-84-89

5. Коровин А.Е., Новицкий А.А., Макаров Д.А. Острый ре-
спираторный дистресс-синдром. Современное состояние 
проблемы  // Клиническая патофизиология. 2018. Т.  24, № 2. 
С. 32–41.
6. Yubero S., Manso M.A., Ramudo L., et al. Dexamethasone down-
regulates the inflammatory mediators but fails to reduce the tis-
sue injury in the lung of acute pancreatitis rat models // Pulmonary 
pharmacology and therapeutics. 2012. Vol. 25. No. 4. Р. 319–324. 
DOI: 10.1016/j.pupt.2012.05.009
7. Mikolka P., Kosutova P., Kolomaznik M., et al. Effect of different 
dosages of dexamethasone therapy on lung function and inflam-
mation in an early phase of acute respiratory distress syndrome 
model // Physiological research. 2019. Vol. 68, Suppl 3. P. 253–263. 
DOI: 10.33549/physiolres.934364
8. Шекунова Е.В., Ковалева М.А., Макарова М.Н., Макаров В.Г. 
Выбор дозы препарата для доклинического исследования: меж-
видовой перенос доз // Ведомости Научного центра экспертизы 
средств медицинского применения. 2020. Т.  10, № 1. С.  19–28. 
DOI: 10.30895/1991-2919-2020-10-1-19-28


