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Abstract 

The article describes the results of the experimental study in which the effect of 

ischemic-reperfusion limb syndrome on changes in the internal organs was studied. Changes 

in the values of Malone dialdehalide, superoxide dismutase and catalase in the tissues of the 

kidneys, liver, lungs and muscles of the extremities were studied. These studies confirmed the 

hypothesis and proved the presence of signs of systemic changes as a result of applying a 

hemostatic tourniquet, the presence of potentiating effects of reperfusion syndrome with a 

combined injury of the abdominal cavity against the ground of hypovolemic shock.  
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Introduction  

In the same way as before injury is a leading cause of death, especially in individuals 

of able-to-work age, and it produces a considerable social and economic effect on public life 

[1, 2, 3]. According to "The World Report On Road Safety" over 1,2 million of people are 

killed on the roads annually, and more than 50 million of victims are injured (WHO). This 

rate is the highest in the countries with low and moderate level of incomes. Therefore road 

traumatism remains a serious issue in these countries [2]. In developed countries due to 

national data bases there is a possibility to find risk factors and elaborate strategies directed to 

the improvement of giving aid to victims. As a rule, these data bases contain information 

about hospitalized victims. Though, a great number of the injured people (about 60%) die 

before their admission to hospital [4].  

In addition to traditional causes of getting injuries (road accidents, falling down) in 

recent years traumas due to terrorist acts have become leading once. In spite of the fact that 

the number of victims due to terrorism is not so much considerable as because of road 

accidents, their rate has been constantly increasing since 1970-s. On a global basis 

approximately 130 000 of attacks were committed by terrorists between 1970 and 2013 [5, 6]. 

Except Antarctica none of the continents avoided the facts of terrorism and deaths of victims 

because of it. Injuries resulting from terrorist acts are similar to those received due to military 

events [7, 8] and differ from those got during road accidents, etc. It should be noted that the 

number of victims is of a massive character. These “unique injuries” are connected with 

terrorism creating substantial difficulties for the existing systems to give emergency medical 

aid, both from the point of view of organization and provision of aid [9-11]. The factors 

complicating the work of emergency medical aid system and influencing on the quality of 

giving aid to the injured people are: time delay of pre-admission stage, specificity of the 

obtained injuries, an unpredictable course of associated traumas, considering the character of 

the applied damaging factor, and inadequately trained medical staff.  

The studies conducted have shown that the main cause of preventive deaths among 

those being injured under usual conditions is hypovolemic shock – 33% [12, 13]. Under 

conditions of battle injury including terrorist acts the amount of potentially preventive deaths 

is about 24,3 % (4 596 victims); a cause of death among the injured people in 91% was 

bleeding (67,3% bleeding from the trunk, 19,2% - main bleeding, 13,5% bleeding from the 

limbs) [14]. Therefore, bleeding is one of the main causes of preventive deaths. Medical aid in 

case of such injuries has been studied substantially [15-17]. Application of hemostatic 

tourniquets is proved to be an effective method to arrest bleeding. Though, the majority of 
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articles deal with the issues of isolated injuries of the limbs. Publications dealing with the 

analysis of bleeding arrest by means of hemostatic tourniquets in victims with associated 

trauma are practically absent.  

Certain scientific papers admit that reperfusion of ischemic limb after a hemostatic 

tourniquet is removed and blood circulation is restored provokes inflammation of the injured 

places (reperfusion damage of organs and tissues is possible 60 minutes after local ischemia) 

[19]. In their turn, produced mediators of inflammation and other toxic substances cause 

disorders of vital organs after penetration to the systemic circulation [20, 21]. Considering the 

mentioned above examination of the effect of hemostatic tourniquet [28] application in case 

of a combined injury is important, especially under conditions of delayed pre-admission stage.  

Materials and methods. Hyperproduction of oxygen active forms (OAF) is known to 

be one of the leading mechanisms of damage after ischemia/reperfusion. Activation of 

electron-transport chain in mitochondria resulting in uncontrolled electron production with 

one-electron reduction of oxygen molecule and formation superoxide anion-radical occurs 

due to oxygen supply to the tissues [22]. The source of OAF is neutrophils and macrophages 

activated after the contact with ischemic tissues [23, 29]. OAFs initiate peroxide oxidation of 

polyunsaturated fatty acids and in case of excessive amount they promote damage of the 

cellular membranes. These processes result in the formation of a number of lipid peroxide 

oxidation (LPO) products which include lipid hydroperoxides, diene conjugates, peroxide 

radicals, Malone aldehyde, and Schiff bases. Quantitative definition of Malone aldehyde is 

most often used to assess LPO intensity and early detection of metabolic disorders in the body 

[24, 30].  

Contrary to free radical processes there is antioxidant system in the body directed to 

maintenance of homeostasis. The first line of protection against OAF consists of antioxidant 

enzymes superoxide dismutase (SOD) and catalse. They promote a successive chain of 

reactions to neutralize superoxide anion-radical, first to hydrogen peroxide under the effect of 

SOD and then to water and molecular oxygen under catalase effect. Under physiological 

conditions there is a certain balance between the intensity of lipid peroxidation processes and 

antioxidant protection [24]. 

A working hypothesis of the experimental study is an assumption that under 

conditions of safe application of a hemostatic tourniquet from the point of view of time of its 

application reperfusion of ischemic tissues results in excessive formation of OAF, activation 

of neutrophils and macrophages, hyperproduction of toxic metabolites, signal molecules of 

cytokine line and other mediators of inflammation, producing a systemic effect on the body 
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with vital disorders of internal organs in case of a combined trauma of the abdominal cavity 

against the ground of hypovolemic shock.  

Objective: to clarify the effect of two-hour application of a hemostatic tourniquet and 

limb reperfusion on the dynamics of antioxidant-prooxidant balance in the internal organs in 

the model of a combined trauma of the abdominal cavity against the ground of hypovolemic 

shock. 

Methods of the study. To realize the stated task the experimental study was 

performed on 80 nonlinear male rats with the body weight of 190-220 g according to the rules 

of «European Convention for the Protection of Vertebrate Animals used for Experimental and 

Other Scientific Purposes» (Strasburg, 1984). All the animals were divided into the groups: 

the control and three experimental ones (8 animals in each group). A hemostatic tourniquet 

was applied on both legs of animals from the experimental groups for 120 minutes under 

thiopental-sodium narcosis (04 mg/kg-1). An elastic strip «SWAT-T» (USA) 10 mm wide was 

used as a tourniquet corresponding to the tourniquet applied on the human femur. The 

tourniquet was tightened according to the indicator of effective pressure marked on it. The 

animals of the experimental groups were taken out from the experiment under conditions of 

thiopental-sodium narcosis (60 mg/kg-1) by the method of total bloodletting from the heart 1,3 

and 7 days after reperfusion. In the control group animals were subjected to narcosis using an 

equivalent dose of thiopental sodium and then taken out from the experiment 2 hours later.  

Multitraumas (polytraumas) of the abdominal organs were modeled in the 

experimental groups in association with ischemic-reperfusion syndrome in the following way: 

after thiopental sodium narcosis animals received a dosage blow in the abdominal region by 

means of a special devise; blood loss was achieved by surgery and cutting femoral vessels in 

the volume from 20 to 22% of the circulating blood volume of an animal during 1 minute 

(acute blood loss); ischemic-reperfusion syndrome was simulated by application of 

hemostatic tourniquets on both lower limbs of animals for two hours. The experimental 

animals were divided into 3 subgroups: 1 – reperfusion syndrome of the limb without 

bleeding and abdominal injuries was modeled; 2 – severe abdominal injuries and massive 

blood loss were modeled; 3 – severe abdominal injuries, massive blood loss and reperfusion 

syndrome were modeled. The data obtained were compared with the control group.  

The indicated parameters were determined at the Central Scientific Laboratory of  

I.Ya. Gorbachevskiy Ternopil State Medical University.  

The liver, kidney, lungs and femoral muscles of the lower limbs were taken for the 

study. The content of Malondialdehyde (MDA) [25], SOD activity [26], and catalase [27] 
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were determined in these organs. Probability of differences between the control and 

experimental groups was assessed using non-parametric Mann-Whitney criterion. Differences 

were considered to be true with null hypothesis probability less than 5 % (р<0,05). 

Results. The Table 1 demonstrates that 24 hours after reperfusion MDA content 

increased considerably in the internal organs of the experimental animals of the experimental 

group 1 compared with the control: in the liver – 2,3 times as much, in the kidney – 2,0 times, 

lungs – 2,4 times and muscles – maximum 7,0 times (р<0,001). In the experimental group – 2 

a maximum value 24 hours later was found in the liver where this index was reliably higher 

than that of the control (р<0,001) 5,5 times as much, in other organs a reliable difference was 

found in comparison with the control group: in the kidneys – 3,5 times, lungs – 3,3 times and 

muscles – 2,3 times (р<0,001). In the experimental group – 3 a maximum value in the 

muscles and liver was 10,2 times as much (р<0,001), in other organs: lungs – 4,9 times and 

kidneys – 4,7 times.  

Three days later in the experimental group – 1 in the liver, kidneys and lungs MDA 

content decreased compared with the indices after 24 hours, but they remain reliably larger 

(р<0,001) in comparison with the indices of the control group 2,0, 1,9 and 1,8 times 

respectively. 3 days later the index increased and was higher than that of the control 7,9 times 

(р<0,001). In the experimental group – 2 three days later a tendency to increasing the index in 

animals was found. A maximum value was found in the liver 6,1 times as much in 

comparison with the control group (р<0,001). In other examined organs: kidneys – 4,0 times 

as much, in the lungs - 3,5 times and in the muscles – 2,9 times (р<0,001). In the 

experimental group – 3 on the third day a sudden reliable increase of the indices was 

determined concerning the control ones (р<0,001) as well as concerning the indices 24 hours 

later, the maximum values were found in the liver and muscles: 16,3 and 11,1 times 

respectively; in the kidneys – 7,3 times and in the lungs – 7,1 times.  

7 days later in the experimental group – 1 the index increased concerning the indices 3 

days later. They remained reliably higher (р<0,001) concerning the control indices: in the 

liver – 2,3 time, kidneys – 2,6 times, in the lungs – 2,3 times and muscles – 12,2 times. 

Contrary to the experimental group – 1 in the experimental group – 2 a tendency to decreasing 

of the index was observed in all the tissues, but they remained reliably higher (р<0,001) 

concerning the control indices: in the liver - 3,2 times, kidneys – 2,8 times, lungs – 2,6 times 

and muscles – 2,2 times. In the experimental group – 3 seven days later a tendency to 

increasing the indices in all the examined organs was observed: in the liver – 18,5 times, in 

the kidneys – 8,6 times, lungs – 7,2 times and muscles – 12,2 times (р<0,001). 
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Table 1 – changes of MDA content (mcmol·kg-1) in the tissues of the experimental animals 

due to reperfusion effect (Mm) 

Organ  Control 

(n=8) 

Experimental 

groups (EG) 

Reperfusion time 

24 hours 3 days 7 days 

Liver 0,62±0,02 

EG–1 1,41±0,02*** 1,25±0,10*** 1,42±0,24** 

EG–2 3,41±0,19*** 3,77±0,21*** 1,96±0,21*** 

EG–3 6,3±0,12*** 10,05±0,44*** 11,5±0,49*** 

Kidney 0,76±0,04 

EG–1 1,52±0,08*** 1,42±0,04*** 1,96±0,08*** 

EG–2 2,65±0,24*** 3,06±0,18*** 2,16±0,25*** 

EG–3 3,54±0,17*** 5,57±0,28*** 6,57±0,29*** 

Lungs 1,33±0,03 

EG–1 3,13±0,13*** 2,45±0,09*** 3,07±0,19** 

EG–2 4,42±0,14*** 4,61±0,18*** 3,47±0,21*** 

EG–3 6,49±0,30*** 9,39±0,35*** 9,59±0,29*** 

Muscles 1,43±0,06 

EG–1 10,07±0,41*** 11,39±0,61*** 11,44±0,65*** 

EG–2 3,31±0,1*** 4,14±0,23*** 3,17±0,28*** 

EG–3 14,63±0,91*** 15,85±0,93*** 17,43±0,93*** 

Note. Here and in Tables 2, 3: * – probability of differences concerning the control 

group  

(* – р<0,05; ** – р<0,01; *** – р<0,001). 

 

The obtained results are indicative of the fact that after reperfusion the processes of 

lipid peroxidation are substantially activated in the experimental internal organs, which is 

caused by OAF effect and free radicals of fatty acids received from the ischemic limb and 

initiated LPO in the internal organs.  

A conclusion can be drawn that the syndrome of the body systemic reaction to 

inflammation is associated with the effect of pro-inflammatory cytokines and other mediators 

of inflammation, considering that MDA content is loosely associated with the degree of 

inflammatory reaction [4]. Microcirculatory disorders with development of hypoxia are 

known to occur under their effect that can promote another “false” pathologic circle with LPO 

intensification. 

The experiments showed that LPO processes intensification occurred against the 

ground of a considerable decrease compared with the control group SOD activity in the liver, 

kidneys, lungs and muscles (Table 2). In the experimental group – 1 a minimum value was 

found 24 hours later that was reliable with the indices of the control group: in the liver 53,3% 

as much, in the kidneys – 47,4%, lungs – 60 % (р<0,001), in muscles – 77,8% (р<0,01). In 

the experimental group – 2, 24 hours later in the tissues the index decreased in the liver 41,6% 

as much, kidneys – 63,2%, lungs – 60% and muscles – 55,6% (р<0,001). In the experimental 

group – 3 similar to the previous groups SOD index decreased in all the tissue: in the liver – 
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75%, kidneys– 78,9%, lungs – 75% and muscles – 88,9% (р<0,001). 

 

Table 2 – change of SOD index (specific units/mg) in the tissues of experimental animals due 

to reperfusion effect (Mm) 

Organ Control 

(n=8) 

Experimental 

groups 

Reperfusion time 

24 hours 3 days 7 days 

Liver 0,24±0,014 

EG–1 0,112±0,004*** 0,14±0,038** 0,16±0,04 

EG–2 0,14±0,01*** 0,11±0,01*** 0,10±0,007*** 

EG–3 0,06±0,01*** 0,05±0,01*** 0,04±0,01*** 

Kidneys 0,19±0,01 

EG–1 0,10±0,01*** 0,12±0,01*** 0,14±0,01** 

EG–2 0,07±0,006*** 0,08±0,008*** 0,12±0,01*** 

EG–3 0,04±0,005*** 0,05±0,004*** 0,07±0,005*** 

Lungs 0,20±0,01 

EG–1 0,10±0,003*** 0,13±0,01*** 0,15±0,01** 

EG–2 0,08±0,002*** 0,10±0,01* 0,11±0,01* 

EG–3 0,05±0,005** 0,06±0,01* 0,07±0,002* 

Muscles 0,27±0,008 

EG–1 0,06±0,001** 0,07±0,002*** 0,11±0,009** 

EG–2 0,12±0,003*** 0,14±0,004*** 0,15±0,01*** 

EG–3 0,03±0,001*** 0,04±0,003*** 0,04±0,001*** 

 

Three days later in the experimental group – 1 SOD index increased in all the tissues, 

but they were reliably lower concerning the control indices: in the liver 41,6% (р<0,01), in the 

kidneys 36,8 %, in the lungs 35% and muscles 74% (р<0,001). In the experimental group – 2 

SOD indices remained reliably lower compared with the control ones: in the liver 53,3%, in 

the kidneys 57,8 %, in the lungs 50% and muscles 51,9% (р<0,001). In the experimental 

group – 3 the indices were reliably lower than those of the control ones: in the liver 79,2%, in 

the kidneys 73,7% (р<0,001), in the lungs 70% (р<0,05), and muscles 85,2% (р<0,001).  

In the experimental group – 1, seven days later a tendency to increasing of SOD index 

was found. Thus, in the liver tissues it was lower than that of the control 33,3% as much, 

which was not statistically reliable (р>0,05), in the kidneys 26,3%, lungs 25% and muscles 

59,3% (р<0,01). In the experimental group – 2 SOD index decreased and was reliably lower 

(р<0,001) from the of the control 58,3% as much. In other tissues it increased and was 

statistically less than that of the control: in the kidneys 36,8 % (р<0,001), in the lungs 45,0% 

(р<0,05), in the muscles 44,4% (р<0,001). In the experimental group – 3 SOD index 
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continued to decrease in the liver tissue and it was lower than that of the control indices 

83,3% as much (р<0,001), it increased in the kidneys compared with the indices three days 

later, but it was reliably lower than that of the control 63,2% as much (р<0,001), a similar 

tendency was found in the lungs, and in the muscles the index did not change. 

The obtained data are indicative of the fact that LPO activation in the liver, kidneys, 

lungs and muscles occurs against the ground of exhaustion of one of the main enzymes of the 

antioxidant protection – SOD, which is likely to be spent on neutralization of oxygen active 

forms, but it does not homeostatic balance. Reperfusion syndrome in combination with 

multiple trauma against the ground of hypovolemic shock is likely to deteriorate considerably 

the body functional state and result in deep systemic changes, which consequences may be 

development of multiple organ failure.  

In its turn, catalase activity in the internal organs against the ground of reperfusion in 

comparison with the control group increased considerably (Table 3). In the experimental 

group – 1 the index 24 hours later increased considerably that of the control and increased to 

the 7th day in the liver – 20,4 times, kidneys – 6,9 times, lungs 3,5 times (р<0,001). 

Meanwhile in the muscles catalase index was maximal during the first day, then till the 

seventh day it was 18,8 times higher than that of the control (р<0,001). In the experimental 

group – 2, catalase index in the tissues of the kidneys, lungs and muscles increased till the 

third day, and then it decreased inconsiderably. It was 9,8 times higher in the kidneys than 

that of the control, in the lungs – 5,9 times and in the muscles – 6,9 times (р<0,001). In the 

liver catalase index increased during the whole time of observation and it was maximal 7 days 

later, it was higher than that of the control 25,6 times as much (р<0,001). In the experimental 

group – 3 contrary to the previous groups maximal catalase value was found 24 hours later. 

But on the third and seventh days it decreased sharply, especially in the tissues of the liver 

and muscles - catalase level increased reliably that of the control 14,6 and 11,7 times 

respectively (р<0,001). In the tissues of the kidneys and lungs a similar tendency was 

observed, but the dynamics of changes was not so sharp. Thus, 7 days later catalase index was 

higher than that of the control in the kidney 5,6 times as much and in the lungs 6,0 times 

(р<0,001). 

The obtained data are indicative of the fact that increased catalase activity possesses a 

compensatory value and is associated with enzyme specificity. Although increased catalase 

activity does not compensate intensification of lipid peroxidation processes, which is 

evidenced by accumulation of MDA in the internal organs and tissues. A sharp decrease of 

catalase indices in the experimental group – 3 is worth of mentioning here. Since the third day 
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of the observation it can be indicative of exhaustion of the compensatory system and 

development of deep systemic imbalance in the system antioxidant-prooxidant balance.  

 

Table 3 - changes of catalase index (mcmol/kg) in the tissues of the experimental animals due 

to reperfusion effect (Mm) 

Organ 
Control 

(n=8) 
 

Reperfusion time 

24 hours 3 days 7 days 

Liver 0,45±0,013 

EG–1 7,83±0,15*** 8,58±0,24*** 9,18±0,25*** 

EG–2 10,21±0,45*** 11,16±0,14*** 11,5±0,4*** 

EG–3 15,48±0,77*** 13,57±0,53*** 6,55±0,51*** 

Kidneys 1,35±0,087 

EG–1 9,48±0,34*** 10,03±0,21*** 9,33±0,15*** 

EG–2 14,11±0,59*** 16,61±0,62*** 13,23±0,35*** 

EG–3 18,42±0,62*** 12,57±0,63*** 7,51±0,55*** 

Lungs 1,80±0,11 

EG–1 6,07±0,08*** 6,39±0,17 6,28±0,31*** 

EG–2 9,57±0,35*** 12,2±0,43*** 10,7±0,45*** 

EG–3 11,19±0,24*** 10,05±0,37*** 10,88±0,46*** 

Muscles 1,70±0,103 

EG–1 46,9±0,92*** 34,69±1,26*** 32,03±1,42*** 

EG–2 10,47±0,41*** 11,97±0,52*** 11,85±0,66*** 

EG–3 49,39±1,25*** 31,48±0,65*** 19,94±0,66*** 

 

The data of the study supported our hypothesis and proved availability of signs of 

systemic changes due to application of a hemostatic tourniquet, availability of a potential 

action of reperfusion syndrome in case of combined trauma of the abdominal organs against 

the ground of hypovolemic shock. Further studies in the direction of finding methods to 

correct systemic changes caused by reperfusion syndrome are perspective [31].  

Conclusion. 1. After application of a hemostatic tourniquet reperfusion syndrome is 

associated with a long activation of lipid peroxidation processes in the tissues of the liver, 

kidneys, lungs and muscles, which is manifested by statistically reliable increase of MDA 

content maximum 7 days after reperfusion.  

2. Intensification of LPO processes occurs against the ground of exhaustion of SOD 

activity in the liver, kidneys, lungs and maximum in the muscles. 

3. The studies performed enable to extend the knowledge concerning the mechanism 

of injury of the internal organs after tourniquet application on the limbs and its reperfusion 

with a long activation of lipid peroxidation processes in the basis. These results are indicative 

of a high probability of development of multiple organ failure syndrome.  
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