OPUTMHAJIBHBIE CTATBH

5]

UDC 616.31-001.17
DOI: 10.56871/RBR.2025.21.65.006

ASSESSMENT OF HEMODYNAMIC STATUS IN ANIMALS
WITH BURN SHOCK AND PROLONGED TISSUE COMPRESSION SYNDROME
AGAINST THE BACKGROUND OF ANTIHYPOXANT APPLICATION

© Nikolay K. Sokolov', Vasily N. Tsygan?, Evgeny V. Zinoviev" 23,
Alexey G. Baindurashvili4, Alexander V. Semiglazov?,
Anna V. Kostyakova?, Vladimir O. Sidelnikov von Essen?

! Military Medical Academy named after S.M. Kirov. 6Zh Akademician Lebedev str., Saint Petersburg 194044 Russian Federation

2 Saint-Petersburg |.I. Dzhanelidze research institute of emergency medicine. 3 lit. A Budapestskaya str., Saint Petersburg

192242 Russian Federation

3 Saint Petersburg State Pediatric Medical University. 2 Lithuania, Saint Petersburg 194100 Russian Federation

4H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery. 64-68 Parkovaya str., Saint Petersburg,
Pushkin 196603 Russian Federation

Contact information: Anna V. Kostyakova — Junior Researcher Department of Emergency Surgery. E-mail: avchekina@mail.ru
ORCID: https:/forcid.org/0009-0005-7553-4810 SPIN: 3377-8390

For citation: Sokolov NK, Tsygan VN, Zinoviev EV, Baindurashvili AG, Semiglazov AV, Kostyakova AV, Sidelnikov von Essen VO. Assessment
of hemodynamic status in animals with burn shock and prolonged tissue compression syndrome against the background of antihypoxant application.
Russian Biomedical Research. 2025;10(1):51-56. DOI: https://doi.org/10.56871/RBR.2025.21.65.006

Received: 26.12.2024 Revised: 19.02.2025 Accepted: 09.04.20

25

Abstract. Introduction. Burn disease and compartment syndrome, despite differences in etiological factors, have
similar pathogenesis links that determine the severity of the patient’s condition and high mortality rates. In this regard,
the study of their mutual aggravation and possible ways to correct developing disorders is relevant. Purpose of the
study — to study the functional state of the cardiovascular system in animals with burn disease and compartment
syndrome against the background of the use of antihnypoxants. Materials and methods of the study. The study
included 180 small laboratory animals (rats), which modeled extensive deep skin burns and compartment syndrome.
All rodents were divided into three equal groups taking into account the composition of infusion therapy: saline
(0.9% NaCl), antihypoxants mufasol and polyoxyfumarin. In the course of the work, stroke volume and minute blood
volume, as well as the effectiveness of succinate dehydrogenase, were studied. Statistical data processing was
performed using generally accepted methods of variation statistics. The alternative hypothesis was accepted at
p <0.05. Research results and discussion. It was found that when using polyoxyfumarin, the stroke volume and
minute blood volume were higher by 25% (p <0.05) and 21.4% (p <0.05) relative to the use of mufasol and by 67%
(p <0.05) and 40% (p <0.05) relative to the introduction of sodium chloride. The use of the Parkland formula + 40%
made it possible to increase the overall effectiveness of infusion therapy by 39% regardless of its composition. The
effect of polyoxyfumarin and mufasol on the activity of succinate dehydrogenase was established. On the second
day after the injury, the analyzed indicator was 32.1 and 34.2, respectively, which is 54.7% (p <0.05) and 71.4%
(p <0.05) relative to the introduction of sodium chloride. Conclusion. The use of antihypoxants as part of anti-shock
infusion therapy for extensive burns and prolonged tissue compression syndrome improves the condition of the

cardiovascular system and myocardium.

Keywords: skin burn, deep burns, burn disease, prolonged tissue compression syndrome, crush syndrome, antihypoxants,

infusion therapy, hemodynamics
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Pestome. BeedeHue. OxoroBas 601€3Hb U CUHAPOM ANNTENBHOTO CAABIEHNS TKaHel, HECMOTPS Ha pasnnyns
B aTMOMNOrnyeckux aktopax, obnagaloT CXOXMMN 3BEHbSMI NaToOreHe3a, onpeaensowmMn TSHXeCTb COCTOSHNS
naumeHTa 1 BbICOKME Noka3aTenu netanbHoOCTH. B CBA3M C YeM M3yyeHne BONPOCOB UX B3aUMHOIO OTATOLEHNS U
BO3MOXHbIX NMyTEl KOPPEKLMM Pa3BUBAOLLMXCS HAPYLLEHMUI SBNSETCSA akTyanbHbiM. Ljesb uccnedosaHusi — 13yuuTb
(OYHKLMOHANbHOE COCTOSHME CepaEYHO-COCYANCTON CUCTEMBI Y XUBOTHBIX C OXOr0BOW BONE3HbI0 N CUHAPOMOM
ANUTENbHOTO CAABNEHNS TKaHe! Ha (hOHe NPUMEHeHUs aHTUrunokcaHToB. Mamepuanbl u Memodsbi uccnedo-
eaHus. B nccnegosaHue BknyeHo 180 menkux nabopaTopHbIX XUBOTHbIX (KPbIC), KOTOPLIM MOAENNPOBANUCH
06LWMpHbIe rnyboKMNe OXOrn KOXW N CUHAPOM LNNTENbHOTO caaBneHns TkaHel. Bee rpbi3yHbl Obinn pasaeneHs!
Ha TpW paBHbIe rPynmbl C y4eTOM coCTaBa UHGY3MOHHON Tepanum: dnamonornyeckuin pacteop (0,9% NaCl), aH-
TUTMNOKCAHTLI Mydacon u nonuokcudymapuH. B xoge pabotebl n3yyanuchb yaapHbii 06bEM U MUHYTHBIA 06bEM
KpOBM, a Takxe 3hPEKTUBHOCTL CyKUMHaTAErMaporeHasbl. Ctatuctuyeckas o6paboTka faHHbIX OCYLecTBASNach
06LEeNpUHATEIMY METOLaMM BapuaLMOHHON CTaTUCTUKN. AnbTepHaTMBHAs runotesa npuHumanacs npu p <0,05.
Pe3ynbmamsbi uccnedoeaHusi u 06¢cyxdeHus. YCTaHOBIEHO, YTO NPU UCNONb30BaHMW NONMOKCUDYMapuHa
nokasartenu yaapHoro o6bema n MUHyTHOro ob6bema KpoBu okasanuch Belwe Ha 25% (p <0,05) u 21,4% (p <0,05)
OTHOCUTENBHO NpUMeHeHMs Mydacona u Ha 67% (p <0,05) 1 40% (p <0,05) oTHOCUTENBHO BBEAEHUS HATPUS XNO-
puga. cnonb3osaHue opmynbl MapknaHaa + 40% no3sonuno ysenuyutb 061y 9 PeKTUBHOCTb MHGY3NOHHON
Tepanumn Ha 39% He3aBWCUMO OT ee cocTaBa. KOHCTaTMpOBaHO BMMSHME NONNOKCUGYMapuHa 1 Mydacona Ha
aKTMBHOCTb CYKLMHATAernaporeHassl. Ha BTopble CyTku Nocne TpaBMbl aHanM3mpyeMblii nokasatens CoCcTaBun,
COOTBETCTBEHHO, 32,1 1 34,2, 4T0 Ha 54,7% (p <0,05) n 71,4% (p <0,05) Gonblue OTHOCUTENBHO BBEAEHUS HATPUS
xnopuga. 3aksryeHue. HazHayeHne aHTUIMNOKCAHTOB B COCTaBe NPOTUBOLIOKOBON MHDY3NOHHOW Tepanuu npu
OBLUMPHBIX OXOrax 1 CMHAPOME ANMTENBHOrO CAABMNEHNS TKAHel ynyyliaeT COCTOSHUE CepaeYHO-CoCyanCToN
cUCTeMbl M MUOKapZa.

KntoueBble crnoBa: 0Xor KOXu, rny60|<|/|e oXoru, oxorosas 60nesHb, CMHAPOM ONUTENBbHOIO CAaBNeHnA TKaHew,
Kpaw-CUHAPOM, aHTUTUNOKCAHTHI, VIH(*)y3I/IOHHaFI Tepanua, remognHamMmumnka

@ RUSSIAN BIOMEDICAL RESEARCH VOLUME 10 N1 2025 ISSN 2658-6584 (Print)




OPUTMHAJIBHBIE CTATBH

53

INTRODUCTION

Burn injuries represent a major medical, social, and eco-
nomic challenge [1]. This is evidenced by their high incidence
in domestic, occupational, and military settings. Globally, over
180,000 fatal burn injury cases are reported annually [2].

Extensive high-temperature injuries are accompanied
by disturbances in the homeostasis system. A complex set
of interrelated pathophysiological changes occurring in the
body leads to the development of burn disease, which is
characterized by severe hypovolemia, endotoxemia and
exotoxemia, progressing to sepsis [3].

Modern combat trauma is characterized by a high fre-
quency of not only thermal but also mechanical injuries.
The destruction of fortifications and damage to equipment
often lead to compression of distal limb segments with sub-
sequent development of crush syndrome, tissue ischemia,
and severe endotoxicosis. The latter ultimately determines
the high mortality rate in this type of injury [4].

The simultaneous development of burn disease and
crush syndrome contributes to the formation of intersecting
vicious cycles of pathogenesis, significantly increasing the
likelihood of an unfavorable treatment outcome for the victim
[5]. Disruption of respiratory chains has the most profound
effect on energy-dependent tissues of the body, particu-
larly the myocardium. Maintaining the contractile function
of the heart muscle is impossible without adequate supply
of metabolites and oxygen. Changes in their concentrations
contribute to the development of not only functional but also
structural disorders [6]. Meanwhile, existing intensive care
protocols fail to account for the developing syndrome of mu-
tual aggravation of mechanical and burn shock, as well as
pronounced processes of tissue hypoxia and ischemia.

Currently, specialists have access to various metabolic
drugs that optimize respiratory chain function. However,
despite their high efficacy demonstrated in certain studies,
these groups of medications have not gained widespread
clinical use due to insufficient evidence base [7]. Conse-
quently, the present study holds significant relevance and
importance for the healthcare system.

AIM

The aim of this study was to assess the functional state
of the cardiovascular system in animals with burn disease
and crush syndrome during administration of antihypoxants..

MATERIALS AND METHODS

The experimental study was conducted at the Department
of Pathological Physiology (Head — Professor V.N. Tsygan),

the Clinic of Experimental and Biological Models, and the
Research Laboratory of Military Surgery at the Research
Center (Director — Professor K.P. Golovko) of the S.M. Ki-
rov Military Medical Academy. The study included 180 small
adult white outbred rats of both sexes weighing 240-250 g.
All animals were divided into three equal groups according
to the composition of infusion therapy: sodium chloride, and
the antihypoxants mufasol and polyoxufumarin. All animal
experiments were performed in strict compliance with Di-
rective 2010/63/EU of the European Parliament and of the
Council (22 September 2010) on the protection of animals
used for scientific purposes and Federal Law No. 498-FZ of
the Russian Federation (27 December 2018, as amended
27 December 2019) “On Responsible Treatment of Animals
and Amendments to Certain Legislative Acts.”

For analgesia prior to inducing extensive burns and
crush syndrome, animals received a 2% xylazine solution at
a dose of 20 mg/kg. Crush syndrome in rats was reproduced
by compressing the soft tissues of either right or left thigh for
4 hours using specialized metal clamps applying 8-10 kg/cm?
pressure over a 5 cm? area. Dorsal skin burns were modeled
using thermal radiation from a KDB-22 light lamp (500 W
power output). The lamp was positioned 2.5 cm from the
body surface with an exposure duration of 20 seconds.

Shock therapy was administered through infusion of
sodium chloride, mufasol, and polyoxufumarin. The needle
was inserted intraperitoneally via a parenteral access in
the thigh region. Fluid volumes were calculated using the
Parkland formula:

V (inf) (mL) =4 - M - %,

where M — animal body weight (kg); % — burn surface
area (absolute units).

The effectiveness of treatment methods was analyzed
using the following parameters: stroke volume and mi-
nute blood volume, along with succinate dehydrogenase
enzyme activity efficiency. Database processing followed
conventional methods of variation statistics in three sta-
ges: research model development and study design, imp-
lementation and data collection, and statistical processing
using MS Excel and SPSS Statistics 17.0 software. Quan-
titative parameters were assessed using the nonparamet-
ric Mann-Whitney U-test. The alternative hypothesis was
accepted at a significance level of p <0.05.

RESULTS AND DISCUSSION

The results of hemodynamic parameter studies in small
laboratory animals with burn disease and crush syndrome,
receiving Parkland formula-calculated infusion therapy, are
presented in Table 1.
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As shownin Table 1, no statistically significant differences
in the analyzed parameter were observed between different
treatment groups at 15 minutes post-infusion initiation. After
one hour of observation, the polyoxufumarin-treated animal
group maintained a stroke volume of 0.05+0.003 mL, rep-
resenting a 25% (p <0.05) increase compared to mufasol
treatment and a 66% (p <0.05) increase versus normal sa-
line administration.

The study of minute blood volume revealed no statisti-
cally significant differences between the analyzed groups
after 15 minutes of infusion therapy. Extending the treat-
ment duration to 60 minutes demonstrated the greatest ef-
ficacy of polyoxufumarin infusion. In this animal group, the
minute blood volume reached 81.5£6.9 mL/kg/min, which
was 21.4% greater (p <0.05) compared to mufasol and
37.9% higher (p <0.05) than normal saline infusion.

At the second stage, we evaluated the efficacy of shock
therapy using different pharmacological agents, with infu-
sion volumes calculated according to the Parkland formu-
la + 40% (Table 2).

The results presented in Table 2 indicate that stroke
volume during high-volume infusion therapy showed no
statistically significant differences between study groups
during the first 15 minutes post-trauma. However, one-hour
administration of polyoxufumarin maintained this parameter
at 0.08+0.003 mL. In animals receiving mufasol and sodi-

um chloride, stroke volume was 37.5% (p <0.05) and 50%
(p <0.05) lower, respectively.

Evaluation of minute blood volume revealed comparable
findings. During the first 15 minutes of infusion therapy, no
statistically significant differences were observed among the
study groups. After 60 minutes of observation, the highest
minute blood volume (81.6+6.8 mL/kg/min) was recorded in
the polyoxufumarin group — representing an 18% (p <0.05)
increase compared to mufasol and a 29.3% (p <0.05)
increase compared to sodium chloride administration.

Analysis of succinate dehydrogenase activity in cardio-
myocytes of rats with burn disease and crush syndrome
receiving Parkland formula +40% calculated infusion the-
rapy is presented in Table 3.

Data from Table 3 demonstrate that during the first
24 hours post-resuscitation for burn shock and crush syn-
drome, polyoxufumarin administration achieved the highest
succinate dehydrogenase activity in rat cardiomyocytes
(38.7£3.2 U/mg). This corresponded to a 6% increase
over mufasol (p >0.05) and a 71.2% elevation compared
to sodium chloride (p <0.05). At the 48-hour post-adminis-
tration timepoint, the observed trend persisted. The highest
enzyme activity was recorded with polyoxufumarin admi-
nistration (34.2+4.2 U/mg), representing a 6.5% increase
compared to mufasol (p >0.05). Sodium chloride infusion
showed the lowest values (12.6+1.2 U/mg).

Table 1

Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula

Tabnuua 1

MapameTpbl reMOAWHAMMKM Y KMBOTHBIX C 0XXOTOBOIM 6ONE3HbI0 ¥ CUHAPOMOM ANUTENTLHOTO CAABIEHMSA
B 3aBMCMMOCTM OT COCTaBa MH()Y3MOHHON Tepanuu, paccyuTaHHom no gopmyne MapknaHaa

[ocne TpaBmbl, Nepeq lMocne Havyana uHdy3nm, Yepes /
AHanuaupyemble napameTpbl / Ipynnbl Habnogerus / Hayanom uHgyaum / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT / 15 min 1y4ac/ 1 hour
YnapHblit 06bem, mn / Hatpus xnopua / 0,06+0,01 0,06+0,01 0,03+0,006
Stroke volume, ml Sodium chloride
Madpycon / Mafusol 0,06+0,01 0,06+0,01 ' 0,04+0,005
MonuokcudymapuH / 0,07+0,01 0,05+0,01 0,05+0,003" 2
Polyoxyfumarin
MwHYTHbIA 06bEM KpOBY, Hatpus xnopug / 114,249,1 93,6+7,2 59,146,3
mn/kr/muH / Minutes volume, Sodium chloride
ml/kg/min
Madpycon / Mafusol 107,1+6,9 92,2+8,8 67,1£71
Monuokcudymapu / 106,1+8,3 100,5+6,2 81,546,9 2
Polyoxyfumarin

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2 — p <0.05 compared to the group receiving mufasol.
Mpumeyanue. U-kputepuit ManHa-Yutiu: ' — p <0,05 no cpaBHeHWio ¢ rpynnoit, nonyyaslueit pacTeop HaTpus xnopuga; 2 — p <0,05 no cpasHEHWIO ¢ rpynmoi,

nonyyasLueit Mycacon.
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Table 2
Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula + 40%
Tabnuua 2

napameprl reMoguHaMUKN Y XXUBOTHbIX C 0XXOroBou 60ne3HbI0 U CUHAPOMOM ONUTeNIbHOro caaBJieHUsA
B 3aBMCMMOCTM OT COCTaBa MH(PY3MOHHON Tepanuu, paccumtaHHomn no gopmyne Mapknanaa + 40%

[Mocne TpaBmbl, Mocne Hauyana uHdyann, yepes /
Ananusupyemble napameTpsl / pynnbl HabmopeHns / neper Hayanom uHdyaunm / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT /15 min | 14ac/ 1 hour
YnapHblii 06bem, mi / Hatpus xnopug / 0,07+0,01 0,06+0,01 0,040,004
Stroke volume, ml Sodium chloride
Madbycon / Mafusol 0,06£0,01 0,06£0,01 0,05£0,006
MonuokcudymapuH / 0,07+0,01 0,06+0,01 0,08+0,003"2
Polyoxyfumarin
MwHYTHBIR 06BEM KpOBMY, Hatpus xnopug / 114,148,2 94,5479 63,145,8
mn/kr/muH / Minutes volume, Sodium chloride
ml/kg/min
Madycon / Mafusol 108,3+7,1 101,8+8,4 69,1+6,3
MonuokcudymapuH / 107,2+7,9 90,349,1 81,6+6,8"2
Polyoxyfumarin

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2— p <0.05 compared to the group receiving mufasol.
Mpumeyanue. U-kputepuit ManHa-Yutiu: ' — p <0,05 no cpaBHeHWio ¢ rpynnoit, nonyyasluei pacTeop HaTpus xnopuaa; 2 — p <0,05 no cpasHEHWo ¢ rpynmoil,

nonyJasLueil Mydacon.

Table 3

Activity of the enzyme succinate dehydrogenase in animals with burn disease and crush syndrome depending
on the composition of infusion therapy, calculated using the Parkland formula + 40%

Tabnuua 3

AKTUBHOCTb (pepMeHTa CyKLMHATAEIMAPOreHasbl y XUBOTHBIX C 0XOrOBOI 60NE3HbI U CUHAPOMOM ANUTENbLHOTO CAABNEHUS
B 3aBMCMMOCTM OT COCTaBa MH(Y3MOHHON Tepanuu, paccuutaHHom no gopmyne Mapknanaa + 40%

Mocne TpaBMbl, yac /

AkTuBHOCTb (hepmerTa (M+m) nocne BBeaeHusi / Enzyme activity (M+m) after injection

After the injury, an hour | yarpus xnopuaa / sodium chloride

madpycona / mufasol nonvokcudymapuna / polyoxyfumarin

24 22,6424

36,5+4,4 1 38,7432

48 12,6+1,2

32,1521 34,2442

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution.
Mpumeyanue. U-kputepuit ManHa-Yuthu: ' — p <0,05 no cpaBHEHMIO C rpynnoit, nosyyasLueil pacTBOp HATPKUS XIOpUAA.

CONCLUSION

1. Incorporation of antihypoxants into shock infusion
therapy for burn shock and crush syndrome helps maintain
systemic hemodynamic parameters.

2. The conventional Parkland formula-calculated volume
of antihypoxant infusion for burn shock and crush syndrome
proves insufficient to compensate for systemic pathophy-
siological disturbances.

Our findings demonstrate the therapeutic potential of
including antihypoxants in intensive care protocols for pa-
tients with mechano-thermal shock. However, despite their

proven efficacy, this therapeutic approach requires further
in-depth investigation.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. Bce aBTOpbI BHECN CYLLECTBEHHbI
Bkag B paspaboTky KOHLUENUMM, NpoBeaeHne uccnenosa-
HWS M MOATOTOBKY CTaTby, MPOYAM 1 0400punN rUHaNLHY
Bepcuto nepep nybnukauuei.

KoHchnukt mHTepecoB. ABTOpbI JeKnapupyloT OTCyT-
CTBME SIBHbIX W MOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnukauyeit HacTosLen cTaTb.

WUcTouHuk chmHaHcupoBaHMA. ABTOpbI 3asBNAOT 00
OTCYTCTBUM BHELUHEro (PUHAHCUPOBAHUS NPU NPOBEAEHWM
“ccneaoBaHms.

JKCNEePUMEHTbI Haf XMBOTHbIMU. JKCNepUMeHTalb-
Hble UCCNefOBaHWS Hafd KMBOTHbIMU MPOBOAMIIUCH B CO-
oTBeTCTBAN C [upekTvBoi EBponenckoro napnameHTa u
Coseta Eeponerickoro Cotosa 2010/63/EC ot 22 ceHTs-
Bps 2010 r. 0 3aWMTE XMBOTHbIX, UCMOMb3YIOWMUXCA ANS
HayuHbIX Lenen, ®efepanbHelM 3akoHOM oT 27.12.2018 T.
Ne498-®3 (pepn. ot 27.12.2019 r.) «O6 0TBETCTBEHHOM 06-
PaLLEHNN C KUBOTHBIMMU U O BHECEHUN U3MEHEHWI B OTAENb-
Hble 3akoHoAaTenbHbIe akThl Poccuiickoin degepauumy.
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