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CHANGES IN THE GLUTATHIONE SYSTEM'S ACTIVITY OF INTERNAL ORGANS
IN THE FIRST HOURS OF EXPERIMENTAL LIMB ISCHEMIA-REPERFUSION SYNDROME,
COMBINED WITH BLOOD LOSS AND MECHANICAL INJURY

©ON. V. Volotovska, T. Cliff Nhokwara, I. V. Zhulkevych
I. Horbachevsky Ternopil State Medical University

SUMMARY. Blood loss of various genesis irreversibly leads to hypoxia, which in turn triggers the activation of lipid
peroxidation and, as a result, cell membranes are damaged. The use of a hemostatic tourniquet, which can complicate
the course of traumatic illness under these pathological conditions, has not been fully studied.

The aim of the study - to investigate the features of the response of glutathione system's enzymes of internal
organs on the pathogenetic stimulation from modifications of ischemic-reperfusion syndrome in the first hours after its
application.

Materials and methods. The determination of the content of glutathione peroxidase (GP), glutathione reductase
(GR) and reduced glutathione (RG) in homogenates of internal organs of rats on the base of experimental acute ischemia-
reperfusion (IR); IR, associated with mechanical trauma (MT); IR, combined with blood loss (IR+B), and IR combined with
blood loss and mechanical trauma (IR+MT) and comparison of results with only blood loss. The acquired exponents are
processed statistically.

Results and Discussion. It has been experimentally established that the greatest reduction in the activity of the
glutathione system's enzymes - its exhaustion — occurs on the background of ischemia-reperfusion syndrome, combined
with blood loss and mechanical trauma of the limb. Already in the first hours in the liver, kidney, heart and lung, a decrease
of recovered glutathione was found at 28.8, 30.6, 31.0 and 19.8 times reteably.

Conclusions. An active response for all of examined parameters was found. Towards the activity of enzymes, the
following pattern was established: in the first hours, the isolated overlay of the tourniquet led to compensatory changes.
The tourniquet, combined with blood loss, has reduced the activity slightly lower than the blood loss itself, which in our
opinion, can be explained by the fact that a large circle of blood flow has received a significant concentration of
pathogenic factors — due to ischemia, but at the first hour they still managed to evoke, obviously only local damage,

whereas hypoxic processes activated by proper blood loss occurred on its background at the system level.
KEY WORDS: ischemia-reperfusion; tourniquet; bleeding; experiment; ischemia; mechanical trauma; glutathione

system.

Introduction. The use of a hemostatic tourni-
quet can be the cause of complications, united under
the name "ischemia-reperfusion syndrome" [1]. IRS
has been studied a long time ago as a pathological
manifestation of the post-operative period associ-
ated with the necessity to stop blood supply of ope-
rated organ [2-4]. By itself, the application of a tour-
niquet for therapeutic purposes has been used since
the seventeenth century [5], but there are many
questions without answers concerning the duration
and conditions of the tourniquet in the first medical
care, in anticipation of hospitalization before the
complications associated with ischemia-reperfusion
(I-P), will cause complications [6]. In particular, the
cause of even more severe bleeding can be incorrect
use of the tourniquet, which leads to bleeding of the
destroyed distal veins or increase in hematoma, if
the veins are pressed under the tourniquet, but the
flowing of arterial blood is not blocked [7]. Acute
bleeding leads to tissue hypoxia [8]. However, use of
tourniquet can potentiate the effects of circular hy-
poxia. In addition, the active release of metabolic
and lipid-peroxidation products into the general
blood flow from the damaged area after release

from the tourniquet can actively affect the blood-
less exhausted organism of the wounded. Nowa-
days, the increased attention to this topic shows
that the processes of post-traumatic reperfusion on
the background of already existing injuries can trigger
an additional chain of damage [9-11] much earlier
than the "safe" 2 hours of application the tourni-
quet. Nevertheless, the use of wrists to stop the
bleeding of extremities may be the first measure
taken on the battlefield under fire, in conditions of
darkness, or in the case of massive human casualties
[12, 13]. This examination (experiment) is intended
to establish a connection between pathological
mechanisms that are launched not only against the
background of bleeding as such, but also by the sup-
plying of a hemostatic tourniquet, which can also
cause damage or exacerbate violations in the body.

The aim of the study — to impose a tourniquet
on a time interval admitted as not causing damage
to the organism (2 hours) to detect pathogenic or
sanogenic reactions triggered on this background in
the body; determining the state of the glutathione
system in the nearest (after 1 hour after the removal
of the tourniquet) post-tourniquet period.
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Materials and Methods. Experiments were per-
formed on non-linear white male rats with weight
250-270 g. Animals were divided into the following
groups: control, which were only entered into thio-
pental-sodium anesthesia (40 mg/kg), 1 experimental
group (tourniquet was applied to the thigh for
2 hours, reperfusion lasted for 1 hour, after that ani-
mals were eliminated from experiment), 2 experimen-
tal group (blood loos in volume of 40 % from volume
of circulating blood was simulated; after 1 hour ani-
mals were eliminated), 3 experimental group (tourni-
quet on thigh was combined with 40 % blood loss
from vena femoralis on another lower limb), 4 experi-
mental group (tourniquet on thigh was combined
with fracture of femoral bone of another lower limb),
5 experimental group (tourniquet on thigh was com-
bined with 40 % blood loss and fracture of femoral
bone of another lower limb). Animals were exluded
from the experiment by total bleeding from the heart.

Condition of the gluthatione system of internal or-
gans was determined by the level of glutathione
peroxidase (GP), glutathione reductase (GR) and re-
duced glutathione (RG).

Results and Discussion. As it can be seen from
Table 1, GP in the liver mostly has no changed on the
background G1-G4 — activity of the enzyme has de-
creased not significantly in the limits of 2.25 % -
22.5 %. Only on the background of G5 - it has been
decreased up to 50 %. The activity of the GR has al-
ready undergone variations in the first hours: on the
background of the G1 - it did not change significantly
(decrease by 4.5 %), but on the background of G2-G5 -
decreased by 2.8 times, by 2.1 times, by 5, 2 times and
by 3.8 times. Concentration of RH on the background
of G1 increased by 25.7 %, on the background of G2,
G3 amd G5 basically unchanged (decrease by 5.8 %
and 8.7 %), but on the background of G4 — decreased
by 28.8 times.

Table 1. Dynamics of activity of glutathione system of internal organs in the first hours on the background
of modifications of ischemic-reperfusion limb syndrome in comparison with isolated blood loss

Index Control G1(T) G2(B) G3(T+B) G4(T+F) G5(T+B+F)
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
10 % liver homogenate
GP 0.089+0.002 0.087+0.002 0.078+0.001 0.076%0.001 0.044+0.002 0.069+0.001
GR 0.580£0.002 0.554+0.001 0.204£0.003 0.275£0.001 0.1531£0.004 0.111£0.003
RG 4.350%£0.009 5.470+0.02 4.09810.04 3.97310.02 3.363+0.008 0.151£0.001
10 % kidney homogenate
GP 0.168+0.01 0.300£0.007 0.120£0.002 0.055%£0.002 0.089+0.001 0.094+0.001
GR 0.151£0.002 0.176£0.002 0.105£0.002 0.1621£0.002 0.161£0.002 0.098%0.003
RG 5.083+0.002 6.740£0.05 4.065+0.03 4.210£0.05 3.120£0.05 0.166%0.004
10 % heart homogenate
GP 0.170+£0.004 0.112+0.006 0.150£0.002 0.457+0.002 0.147+0.001 0.111£0.002
GR 0.267+0.005 0.20210.002 0.207£0.005 0.216£0.005 0.164£0.001 0.098%0.003
RG 3.767+0.09 5.270+0.05 2.00+0.05 2.373+0.05 2.133+0.04 0.118%0.02
10 % lung homogenate
GP 0.187+0.005 0.16210.002 0.130£0.002 0.069+0.004 -0.070+0.003 0.071£0.001
GR 0.292+0.001 0.30210.002 0.138+0.004 0.179£0.004 0.166%0.002 0.111£0.007
RG 2.927+0.04 4.6701£0.04 2.05810.04 2.517+0.03 2.000+0.01 0.148+0.005

Note: Difference in reference values p<0.05

In the kidneys, the dynamics was different - the
activity of the GP on the background of G1 - in-
creased by 78.6 %; and on the background of other
models was reduced: against the background of G2-
G5-by 26.8 %, by 67.3 %, by 44 % and 47 %. On the
background of G1, G3 and G5, the GR has increased
slightly by 16.6 %, 7.3 % and 6.3 %, while on the back-
ground of G2 and G4 it has declined to 30.5 % and
35.1 %. Concentration of RH on the background of
G1 increased by 32.6 %, while on the background of
G1, G3 and G5 — decreased by 20 %, 17 % and 38.7 %
appropriately. Expressive decrease in the concentra-
tion of RH has fixed on the background of the most

severe trauma, combined with the IR — on the back-
ground of G4 - a decrease by 30.6 times.

In the heart, the dynamics was variable: the acti-
vity of the GP decreased by 34.1 %, 11.8 % and 13.5%
on the background of G1, G2 and G 5 appropriately.
However, on the background of G3 - expressed in-
crease in 2.7 times and a slight decrease on the back-
ground of G4 -by 34.7 % were fixed. As for GR, its ac-
tivity has decreased by 24.3 %, 22.5 %, 19.1 % and
38.6 % on the background of G1-G3 and G 5 appropri-
ately, while on the background of G4, the changes
were the most expressed — by 2.7 times. RH on the
background of G1 - has increased by 40 %, but on the
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background of the G2-G5 - it has decreased by 47 %,
by 37 %, by 31.9 times and by 43.4 % appropriately.

In the lungs, GP activity decreased in all examined
groups—by 13.4 %, by 30.5 %, by 2.7 times, by 2.6 times
and by 2.6 times on the background of G1-G5. The ac-
tivity of the GR grew insignificantly — by 13.1 % on the
background of G1, while on the background of G2-
G5 —it decreased by 48.3, 33 %, 58.4 % and 31.7 % ap-
propriately. The concentration of RG on the back-
ground of isolated IR (G1) increased by 1.6 times, on
the background of G2, G3 and G5 —decreased by 30 %,
by 14 % and and by 31.7 % appropriately. Finally, the
combination of the most severe injury has led to a de-
crease in concentration of 19.8 times.

Conclusions. Thus, studies have shown that al-
ready in the first hours after the very overlay of the
tourniquet, the antioxidant protection chain reacts
vigorously, manifested by the variable reaction of the
glutathione system. At the same time, on the back-
ground of the IP, most of the decline in the activity of
the enzymes GR and GP were observed, while the
concentration of VH increased, with the most active
in the lungs. Probably an explanation for this is the
full compensation of the condition of ischemia. The
condition of modeling hypovolemia led to the expe-
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3MIHMU AKTUBHOCTI FNTYTATIOHOBOI CUCTEMM BHYTPILLHIX OPFAHIB
Y MEPLUI FOANHWN EKCMEPUMEHTAJIbHOIO ILLEMIYHO-PENEP®Y3IMHOIO CUHAPOMY
KIHUIBKWX, MTOEAHAHOIO 3 KPOBOBTPATOIKO TA MEXAHIYHOIO TPABMOIO

©H. B. BonoTtoBcbkKa, T. Knidd HxokBapa, I. B. XKynkesuu
JBH3 «TepHoninbcbkul depxcasHuli meduyHull yHisBepcumem imeHi I. S. fopbayescbko2o MO3 YkpaiHu»

PE3KOME. KpoBoBTpaTa Pi3HOro reHesy He3BOPOTHO MPWM3BOAUTL A0 FiMOKCii, fIka, B CBOK Yepry, 3anyckae
aAKTNBAL,it0 NePEKNCHOIO OKMCHEHHS AiMiAiB i, AK pe3ybTaT, YLWKOAXKYE MEMOPAHN KNITHH.

MeTa - BUBUYMTN 0COBANBOCTI BignoBiAi GepMeHTIB [/1yTaTioHOBOI CMCTEMU BHYTPILLHIX OPraHiB Ha NAaTOreHeTUYHUIN
nowToBx Moaundikauin ilueMiyHo-penepdy3inHOro CMHAPOMY B MepLUi FOANHK MiCA NOro 3aCTOCYBaHHS.

Marepianu i MeToau. 3ailicHeHO BM3HAYEHHA BMICTY rayTaTioHnepokcunaasu (M), rnyTtaTioHnpeaykTasu (FP) Ta Big-

HOBJIEHOTO ryTaTioHy (Bl B roMoreHaTax BHYTPILLHIX OpPraHiB LLypiB 33 YMOB €KCNEePMMEHTA/IbHOT roCTpoi ileMii-pe-
nepoysii (IP), IP, wo 6yna no€eaHaHa 3 MexaHiyHoto TpaBMoto (MT), IP, noeaHaHoi 3 kpoBoBsTpaToto (K), Ta IP, noeaHaHoi 3
K Ta MT, Ta NOpiBHAHHSA pe3y/bTaTiB i3 i30/1b0BaHO KpoBOBTPaTO (40 % Big OLK). OTpMMaHi MoKasHWKK 06pobaeHo
CTaTUCTUYHO.

Pe3ynbTaTu. EKCNeprMMeHTaIbHO BCTAHOBJ/IEHO, L0 Halbinblue 3HMXXEHHS aKTUBHOCTI GEepPMEHTIB /1yTaTioHOBOI
CMCTeMU — i BUCHAXKEHHS — BiflbYBA€ETbCA HA T/l CMHAPOMY ieMmii-penepdysii, NOEAHAHOMO i3 KPOBOBTPATOK Ta MeXaHiuy-
HOI TPABMOIO KiHLIBKW. Y>Ke B NepLUi FOAMHM B NMeYiHLi, Cepui, HUPKax Ta JIEreHsAX BUABIEHO 3HUXXEHHSA PiBHS BiAHOBe-
Horo rnyTaTioHy B 28,8, 8 30,6, 8 31,0 Ta B 19,8 pasis BignosigHo.

BUCHOBKM. BCTaHOBIEHO aKTMBHY BiAMOBIAb YCiX A4OCNIAXKYBaHNX NOKA3HUKIB. LLLo CTOCYETbCA aKTUBHOCTI bepmeH-
TiB, TO BCTQHOBIEHO HACTYMHY 3aKOHOMIPHICTb: Y MepLUi FOANHM i30/1b0BaHe HAK/IAAAHHA AXIyTa NPM3BOANIO 4O KOM-
NMEeHCAaTOPHMX 3MiH. [KryT, NOEAHAHMI 3 KPOBOBTPATO), A3B 3HMXKEHHA aKTUBHOCTI AELLO HMXKYE, HiXX CamMa KPOBOBTPATa,
LLLO, Ha HALLY AlYMKY, MOXHA NOSICHUTM TUM, LLO Y BEJIMKE KOJI0 KpOBOObiry nocTynunia 3Ha4yHa KOHLLeHTPALis IAaTOreHHMX
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YMHHMKIB — BHACNIAOK iLeMmii, 0AHaK y nepLly rogMHy BOHW BCTUT/IM BUKJIMKATKU, OYEBUAHO, TiJIbKM JTIOKAJIbHE YLIKOAXKEH-

HS, TOAi AK riNOKCMYHI NpoLEecH, akTMBOBAHI BJIaCHE KPOBOBTPATOLO, BiAbyBaAncs Ha ii T/1i Ha CUCTEMHOMY PiBHI.
KJIIOYOBI CJIOBA: iweMia-penepdysis; TYpHIKeT, KpoOBOTeYa;, eKCNEePMMEHT; illeMmisi; MexaHiYHa TpaBMa;

ryTaTiOHOBAa CMCTEMa.

M3MEHEHUSA AKTUBHOCTM INTYTATUOHOBOW CUCTEMbI BHYTPEHHUX OPFTAHOB
B NEPBbIE YACbI 3KCMEPMMEHTAJIbHOIO ULLEMWYECKOW-PENEP®Y3NOHHOIO
CUMHAPOMA KOHEYHOCTMW, COEAMHEHHbIX C KPOBOMNMOTEPEN
M MEXAHWUYECKOM TPABMOM

©H. B. BonoTtoBckas, T. Knnp¢d HxokBapa, I. B. XXynkeBuu

BY3 «TepHonobckuli 20cydapcmaeHHbill MeouyuHcKul yHusepcumem umeHu M. A. lopbavyescko2o
MO3 YkpauHbi»

PE3KOME. KpoBonoTepsa pa3/IMyHOro reHesa HeobpaTMMo NpMBOANT K MMMOKCMM, KOTOPAs, B CBOKO oyepenb, 3a-
NnycKaeT aKTUBALMIO MePEKNCHOI0 OKNCIEHNA IMNUAOB 1, KaK Pe3y/bTaT, NoBpeXAaeT MeMbpaHbl K1eToK.

Lenb — n3y4ntb 0co6eHHOCTM peakumm GepMeHTOB INYyTaTMOHOBOW CUCTEMbI BHYTPEHHMX OPraHOB Ha NaToreHeTu-
YyecKkunin ToNYoK MoandUKaLMIn neMmnyeckon-penepdysmoHHOro CMHAPOMA B NepBble Yacbl NOC/1e ero NpMMeHeHus.

MaTtepuanbl u MeTogbl. OCyLLECTB/IEHO ONpeaesieHne CoaepXXaHus ryTaTMoHnepokcnaasol (M), ryTaTtmoHpe-
AykTasbl (TP) 1 BOCCTAHOBJIEHHOTO F1yTaTMOHA (BIN) B roMOreHaTax BHYTPEHHUX OPraHoOB KpbiC HA pOHe OCTPO 3KCnepu-
MeHTaNbHOW nwemmnn-penepaodysmnmn (MP), NP, 0CNOXKHEHHON MeXaHNYeckor TpaBmoi (MT), VP, 0C/IOXXHEHHOW KpOBOMO-
Tepeii (K), u P, ocnoxHeHHOM K 1 MT, 1 cpaBHeHMe pe3ybTaToB C M30/IMPOBaHHOM KpoBonoTepen (40 % ot OLLK). MNo-
Jly4eHHble NokasaTesin 06paboTaHbl CTAaTUCTUYECKMN.

Pe3y/bTaTbl. DKCNEPUMEHTAIbHO YCTAHOBJIEHO, YTO HanboIblLee CHUXKEeHNE aKTUBHOCTM pEePMEHTOB MNyTaTUOHO-
BOW CUCTEMbI — €€ NCTOLLEHNE — MPOUCXOAMNT Ha GOHE CMHAPOMA MLIeMumn-penepdy3nm, OCIOKHEHHOTO KpOBONOTEpEN
N MeXaHNYeCKOoM TPaBMOWN KOHEYHOCTU. YKe B MepBble Yacbl B NeYeHN, cepaLe, MoYKax 1 IerkMx 06Hapy>XeHO CHUXeHne
YPOBHSA BOCCTAHOB/IEHHOrO rnyTaThoHa B 28,8, 8 30,6, 8 31,0 1 B 19,8 pa3 COOTBETCTBEHHO.

BblBOAbl. YCTAHOB/IEH AKTMBHbIV OTBET BCEX MCCeAyeMblX NMoka3saTesien. YTo KacaeTcsi aKTUBHOCTM GepMeHTOB,
TO YCTAHOBJIEHA C/leayoLas 3aKOHOMEPHOCTb: B MNepBble Yacbl M30JIMPOBAHHOE HAJIOXEHWNA XryTa NMPUBOANIIO K KOM-
NEHCAaTOPHbIM NM3MEHEHMAM. XryT, COYETaHHbIN C KPOBOMOTEPEN, AN CHUXEHME aKTUBHOCTU HECKOJIbKO HUXE, YEM
CaMa KpoBOMOTepPS, YTO, NO HALLEMY MHEHMIO, MOXXHO 0O6BbSICHNTL TEM, YTO B 60J1bLLON KPYr KPOBOOGPALLEHNS MOCTYNN-
N1a 3HaYMTE IbHAsi KOHLEHTPALMSA NaTOreHHbIX GakTOPOB — BC/IeACTBME ULLEMNKN, OAHAKO B MEPBbIN YaC OHM elLLe ycrnenn
BbI3BaTb, OYEBMAHO, TOJIbKO JIOKA/IbHOE MOBPEXAEeHMe, TOrAa KakK rMnokCcnyeckmne npoLecchl, akTMBMPOBaHHble Cob-
CTBEHHO KPOBOMNOTEPEW NPOUCXOAMNN HA ee POHE Ha CUCTEMHOM YpPOBHE.

KJIKOYEBbBIE CJIOBA: nwemns-penepdysuns; TYPHUKET, KpPOBOTEYEHME; IKCMEPUMEHT; ULLEMUS; MEXAHNYECKas
TPaBMa; rMyTaTMOHOBOW CUCTEMa.
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