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Abstract 

Introduction. In the structure of injuries from gunshot wounds dominate the limb 

injuries that are often complicated by massive bleeding from the main vessels. The only 

means of rescue on the battlefield is a timely application of a tourniquet. This ensures 

complete exsanguination of the limb. The duration of exsanguination should not exceed 2 

hours. It is proved that in conditions of acute blood loss complicated by ischemia-reperfusion 

of the limb, there are prerequisites for the development of dysfunction of internal organs, 

which in turn exacerbates dysmetabolic and functional disorders, stimulates endotoxicosis and 

may be complicated by multiple organ failure. However, the patterns of formation of the 

syndrome of endogenous intoxication in the conditions of ischemia-reperfusion of the limb, 

acute blood loss and their combinations have not been studied. There are no data on the effect 

of Carbacetam on these processes. It is known that Carbacetam has proven itself to reduce the 

manifestations of dysfunction of internal organs in the conditions of ischemic-reperfusion 

syndrome of the limb. 
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The objective of research: To establish the dynamics of endogenous intoxication in 

the conditions of ischemia-reperfusion of the limb, acute blood loss and their combination. To 

evaluate the effectiveness of Carbacetam in the correction of identified abnormalities.  

Materials and methods. The experimental studies were conducted on 108 white 

nonlinear male rats weighing 200-220 g, which were housed in standard vivarium conditions. 

All animals were divided into five groups: control and four experimental. Under thiopental-

sodium anesthesia in the first experimental group was simulated ischemia-reperfusion of the 

limb, in the second – acute blood loss, and in the third – these injuries were combined. In the 

fourth experimental group, animals with acute blood loss and ischemia-reperfusion of the 

limb were intraperitoneally administered Carbacetam at a dose of 5 mg per kilogram of 

animal weight. After 1 and 2 hours, as well as after 1, 7 and 14 days in the blood serum was 

determined the content of middle-mass molecules (MMM254, MMM280). 

The results and discussion. It was found that ischemia-reperfusion of the limb in 

comparison with the control group is accompanied by a significant increase of the MMM254 

fraction in the blood serum content. From the first hour of the experiment with a maximum 

after 1 day and normalization of the index up to 14 days. The content in the blood serum of 

the MMM280 fraction became significantly higher, from the control only after 1 day with 

subsequent normalization in the following terms of the experiment. After simulation of acute 

blood loss, both studied fractions of MMM increased from 1 hour of the experiment, reached 

a maximum after 1 day and did not return to the control level after 14 days. For the first time 

it was found that two-hour ischemia-reperfusion of the limb significantly aggravates the 

course of acute blood loss, which revealed a significantly higher content in the serum of 

fractions MMM254 and MMM280 compared to other experimental groups in almost all periods 

of the experiment. Due to the use of Carbacetam, the content of both studied fractions of 

MMM in the serum compared with animals without correction was significantly reduced after 

7 and 14 days of the experiment. Although the studied parameters did not return to the level 

of the Carbacetam control group, it can be considered a pathogenetically justified means of 

reducing the level of endotoxicosis in the conditions of ischemia-reperfusion of the limb and 

acute blood loss. 

Conclusions. Simulation of limb ischemia-reperfusion is accompanied by 

accumulation of MMM254-280 fractions with a maximum after 1 day of the experiment and 

normalization up to 14 days. Acute blood loss causes an increase in the serum content of 

fractions MMM254-280 from 1 hour of the experiment, which up to 14 days do not reach the 

level of control. The detected disorders are significantly exacerbated after a combination of 
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acute blood loss and ischemia-reperfusion of the limb. The use of Carbacetam in comparison 

with animals without correction is accompanied by a significant decrease in the content of 

MMM254-280 fractions in the serum after 7 and 14 days of the experiment. 

Key words: blood loss; ischemia-reperfusion of the limb; endotoxicosis; average 

molecular weight (MMM); Carbacetam. 

 

Introduction. The frequency of local armed conflicts and terrorist attacks has 

increased significantly in recent years. In the structure of injuries from gunshot wounds 

dominate the limb injuries that often complicated by massive bleeding from the main vessels. 

The only means of salvation on the battlefield is a timely application of a tourniquet. This 

ensures complete exsanguination of the limb, the duration of which should not exceed 2 hours 

[1. However, according to research by a number of authors, complete exsanguination of the 

limb for two hours can cause biochemical and structural disorders of soft tissues under the 

tourniquet and in the area of ischemia [2], which deepen after repefusion. According to [3], 

such disorders can lead to limb amputation, damage of nerves and blood vessels under the 

tourniquet, myonecrosis, limb compartment syndrome with the necessity of fasciotomy, 

rhabdomyolysis with the development of acute renal failure, thrombosis of deep veins and 

pulmonary artery, skin damage under the tourniquet with the development of an abscess. In 

the works of some authors it is noted that reperfusion of the ischemic limb after removal of 

the tourniquet and restoration of blood flow causes inflammation of damage-induced local 

areas. Inflammatory mediators and toxic metabolites, entering the systemic bloodstream, can 

adversely affect vital organs [4, 5]. It is proved that under conditions of acute blood loss 

complicated by ischemia-reperfusion of the limb, there are prerequisites for the development 

of dysfunction of internal organs [6]. This exacerbates dysmetabolic and functional disorders, 

stimulates endotoxicosis and may be complicated by multiple organ failure. However, the 

patterns of formation of the syndrome of endogenous intoxication in the conditions of 

ischemia-reperfusion of the limb, acute blood loss and their combination have not been 

studied. There are no data on the effect of Carbacetam on these processes – a drug that has 

proven to reduce the manifestations of dysfunction of internal organs in the conditions of 

ischemic-reperfusion syndrome of the limb [7]. 

The objective of research: To find out the dynamics of endogenous intoxication in 

the conditions of ischemia-reperfusion of the limb, acute blood loss and their combination. To 

evaluate the effectiveness of Carbacetam in the correction of identified disorders. 
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Materials and methods  

The experimental studies were conducted on 108 white nonlinear male rats weighing 

200-220 g, which were housed in standard vivarium conditions. All animals were divided into 

five groups: control and four experimental (each groups contained 6 rats). 

All experiments were performed under thiopental sodium anesthesia (40 mg kg-1 body 

weight ) dosed. In the first experimental group were simulated ischemia-reperfusion of the 

limb. For this purpose, a strip of elastic tourniquet "SWAT-T" (USA) width of 10 mm was 

proximally applied to the left foot, which completely stopped the blood flow for 120 minutes.  

In the second experimental group, acute blood loss (20 % of the circulating blood volume) 

was simulated by crossing the femoral vein. In the third experimental group, these injuries 

were combined. In the fourth experimental group, animals with acute blood loss and 

ischemia-reperfusion of the limb intraperitoneally administered Carbacetam, for corrective 

purposes. Administered at a dose of 5 mg per kilogram of animal weight. (L.M. Litvinenko 

Institute of Physical-Organic Chemistry and Coal Chemistry of the National Academy of 

Sciences of Ukraine, Kyiv) 8]. In the control group, the animals were only anesthetized using 

an equivalent dose of sodium thiopental. 

After 1 and 2 hours, as well as after 1, 7 and 14 days under thiopentalone sodium 

anesthesia, the experimental animals were removed from the experiment by the method of 

total bloodletting from the heart. The content of endogenous intoxication products, namely the 

fractions of middle-mass molecules determined at 254 and 280 nm (MMM254, MMM280) was 

studied in blood serum [9].  

All experimental procedures fulfilled the international standards for the humane 

treatment of animals in compliance with the regulations of «The European Convention for the 

protection of vertebrate animals used for experimental and other scientific purposes 

(European Convention, 1986)». The test animals were subsequently euthanized through 

complete exsanguination from the heart. 

All obtained data were processed to the statistical analysis by the nonparametric The 

Mann–Whitney U test using STATISTICA 10.0 software («StatSoft Inc.», USA). 

The results and discussion. As we can see from the table 1, under the influence of 

modeling only ischemia-reperfusion of the limb, the content of the MMM254 fraction in the 

serum was statistically significantly higher compared to the control after 1 hour of the 

experiment (18.9 %, p<0.05). The indicator continued to grow and reached a maximum after 

1 day (94.6 %, p<0.05), which was also significantly higher compared to 1 and 2 hours of the 

experiment (respectively 63.6 and 28.6 %, p<0,05). Subsequently, the indicator remained at 
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the same level for 1 day and after 7 days of the experiment (p>0.05). After 14 days, the 

content of the MMM254 fraction decreased, was statistically significantly lower compared to 

the result of 1 hour, 1 and 7 days (p<0.05) and reached the level of the control group (p>0.05). 

 

Table 1 – Dynamics of the content of the fraction MMM254 in the blood serum after 

acute blood loss complicated by ischemia-reperfusion of the limb (Me (LQ; UQ) – median 

(lower and upper quartiles)) 

Experimental 

group 

The term of the reperfusion period 

1 hour 2 hours 1 day 7 days  14 days 

Control = 0,037 (0,028; 0,038) (n=6) 

Group 1 

Ischemia-

reperfusion 

0,044* 

0,043; 

0,046 

(n=6) 

0,056*1г 

0,053; 

0,058 

(n=6) 

0,072*1г,2г 

0,067; 0,075 

(n=6) 

0,064*1г 

0,059; 

0,067 

(n=6) 

0,0462г,1д,7д 

0,043; 

0,048 

(n=6) 

Group 2 

Blood loss 

0,062* 

0,059; 

0,064 

(n=6) 

0,084*1г 

0,080; 

0,090 

(n=6) 

0,125*1г,2г 

0,121; 0,128 

(n=6) 

0,104*1г,2г,1д 

0,096; 

0,107 

(n=6) 

0,086*1г,1д,7д 

0,079; 

0,092 

(n=6) 

Group 3 

Ischemia-

reperfusion + 

blood loss 

0,086* 

0,079; 

0,088 

(n=6) 

0,098*1г 

0,092; 

0,103 

(n=6) 

0,149*1г,2г 

0,146; 0,156 

(n=6) 

0,122*1г,2г,1д 

0,119; 

0,130 

(n=6) 

0,109*1г,1д,7д 

0,105; 

0,112 

(n=6) 

р1-2 <0,05 <0,05 <0,05 <0,05 <0,05 

р1-3 <0,05 <0,05 <0,05 <0,05 <0,05 

р2-3 <0,05 >0,05 <0,05 <0,05 <0,05 

Notes. Here and in table. 2: 

1. * – differences relative to the control group are statistically significant (р0,05); 

2. р1-2 – the probability of differences between experimental groups 1 and 2; 

3. р1-3 – the probability of differences between experimental groups 1 and 3; 

4. р2-3 – the probability of differences between experimental groups 2 and 3. 

 

Simulation of acute blood loss compared with the control was accompanied by a 

greater increase in serum MMM254: after 1 hour – by 66.2 %, after 2 hours – by 2.27 times, 

after 1 day – by 3.38 times (p<0,05). Subsequently, the indicator decreased and after 7 days 

was statistically significantly lower compared to the result of 1 and 2 hours and 1 day of the 

experiment (p<0.05), but continued to be 2.81 times higher than in the control (p<0.05). By 

14 days, the indicator became smaller and statistically significantly different from the result of 

1 hour, 1 and 7 days of the experiment (p<0.05), but was 2.32 times higher than in the control 

(p<0.05). Acute blood loss caused a significantly lower level of MMM254 compared with the 

group were only ischemia-reperfusion of the limb was simulated at all observation times  
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(p1-2<0.05).  

 

Table 2 – Dynamics of the content of the fraction MMM280 in the blood serum after 

acute blood loss complicated by ischemia-reperfusion of the limb (Me (LQ; UQ) – median 

(lower and upper quartiles)) 

Experimental 

group 

The term of the reperfusion period 

1 hour 2 hours 1 day 7 days  14 days 

Control = 0,033 (0,029; 0,036) (n=6) 

Group 1 

Ischemia-

reperfusion 

0,036 

0,035; 

0,038 

(n=6) 

0,038 

0,036; 

0,041 

(n=6) 

0,044*1г 

0,041; 0,049 

(n=6) 

0,040 

0,037; 

0,043 

(n=6) 

0,034 

0,028; 

0,039 

(n=6) 

Group 2 

Blood loss 

0,042* 

0,036; 

0,044 

(n=6) 

0,059*1г 

0,057; 

0,063 

(n=6) 

0,071*1г,2г 

0,069; 

0,074 

(n=6) 

0,068*1г,2г 

0,067; 

0,073 

(n=6) 

0,061*1г,1д 

0,054; 

0,065 

(n=6) 

Group 3 

Ischemia-

reperfusion 

+ blood loss 

0,044* 

0,041; 

0,046 

(n=6) 

0,066*1г 

0,060; 

0,070 

(n=6) 

0,098*1г,2г 

0,096; 

0,104 

(n=6) 

0,089*1г,2г 

0,080; 

0,096 

(n=6) 

0,075*1г,1д 

0,073; 

0,081 

(n=6) 

р1-2 >0,05 <0,05 <0,05 <0,05 <0,05 

р1-3 <0,05 <0,05 <0,05 <0,05 <0,05 

р2-3 >0,05 >0,05 <0,05 <0,05 <0,05 

 

The combination of limb ischemia-reperfusion and acute blood loss caused the largest 

violations of the content of the MMM254 fraction in the serum. In the all terms of the 

experiment the indicator was statistically significantly lower than in the control (p<0.05) and 

compared with other experimental groups (р1-3<0,05, р2-3<0,05). In the dynamics, the 

indicator reached a maximum after 1 day (4.03 times higher than the control group and 1 and 

2 goals of the experiment, p<0.05) and decreased by 14 days (p<0.05 compared with 1 hour, 1 

and 7 days experiment). During this period, the indicator continued to exceed the level of 

control by 2.93 times (p<0.05). 

Also, the content of the MMM280 fraction in the serum under the influence of 

simulation of ischemia-reperfusion of the limb was characterized by less violations than the 

content of the fraction MMM254. Only after 1 day of the experiment, the index became 

statistically significantly smaller compared to the control (by 31.8 %, p<0.05), and later 

normalized. 

After simulation of acute blood loss, the content of the MMM280 fraction in the serum 

from 1 hour of the experiment compared with the control increased (by 25.8 %, p<0,05). The 
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indicator reached a maximum in 1 day and in this period exceeded the control by 2.15 times 

(p<0.05) and the result of 1 and 2 hours of observation (p<0.05). By day 14, the rate 

decreased, becoming significantly less than after 1 hour and 1 day of the experiment (p<0.05), 

but continued to exceed the control by 54.8 % (p<0.05). 

After simulation of acute blood loss in combination with ischemia-reperfusion of the 

limb the content of the MMM280 fraction in the blood serum after 1 hour increased by 31.8 %, 

after 2 hours – 2.00 times, after 1 day – 2.96 times (p<0.05). Subsequently, the indicator 

decreased and after 14 days was significantly less than after 1 hour and 2 days of the 

experiment (p<0.05), but 2.27 times higher than the control (p<0.05).  

Comparison of the experimental groups showed that after 1 hour of the experiment, 

the content of the MMM280 fraction in the blood serum was significantly lower in 

experimental group 3, compared with experimental group 1 (22.2 %, p1-3<0.05). After 2 hours 

of the experiment, the indicator was significantly higher in experimental groups 2 and 3 

compared with experimental group 1 (respectively, 55.3 %, p1-2<0.05 and 73.7 %, p1-3<0.05). 

In the following terms of the experiment, the indicator increased statistically significantly 

with increasing severity of injury (p1-2<0.05; p1-3<0.05; p2-3<0.05). 

The use of Carbacetam for 7 days compared with animals without correction led to a 

statistically significantly lower content in the serum of the MMM254 fraction (Fig. 1) – by 

25.4 % (p<0.05), after 14 days – by 33.9 % (p<0.05). In turn, the content in the serum of the 

MMM280 fraction also decreased: after 7 days – by 21.3 % (p<0.05), after 14 days – by 

24.0 % (p<0.05). 

The obtained results indicate that ischemia-reperfusion of the limb is accompanied by 

a significant increase of the MMM254 fraction in the blood serum compared with the control  

from 1 hour of experiment with a maximum after 1 day and normalization of the index up to 

14 days. The serum content of the MMM280 fraction in this group increased less. The 

indicator became significantly higher, from control only after 1 day with subsequent 

normalization in the following terms of the experiment. 

Therefore, from the influence of pathogenic factors of the reperfused limb in the serum 

immediately increases the content of the MMM254 fraction. These include substances of low 

and average molecular weight (from 500 to 5000 Da), which, in addition to peptides, include 

about two hundred compounds of normal and abnormal metabolism [10]. It can be assumed 

that their early appearance is due to dysmetabolic disorders primarily in the ischemic limb. 

The maximum violations of the MMM254 fraction in the simulation of only ischemia-

reperfusion of the limb occurred after 1 day of the experiment. 
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Figure 1 – The effect of Carbacetam on the content of MMM254 in the blood 

serum(conv.un.) after acute blood loss complicated by ischemia-reperfusion of the limb. 

(Note. Here and in Fig. 2: * – differences in the control group are statistically significant, 

р0,05; # – differences for the group without correction are statistically significant, р0,05). 

 

 

 
Figure 2 – The effect of Carbacetam on the content of MMM280 in the blood serum 

(conv.un.) after acute blood loss complicated by ischemia-reperfusion of the limb. 
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During this period, the content of the MMM280 fraction also increased significantly, 

which reflects mainly the content of aromatic aminoacids and indicates severe metabolic 

disorders in the internal organs. Therefore, the strengthening of endotoxicosis after 1 day of 

the experiment under conditions of ischemia-reperfusion of the limb, probably due to 

systemic lesions with the development of multiorgan dysfunction. This assumption is 

confirmed by studies of some authors, who in modeling only ischemia-reperfusion of the limb 

in the internal organs observed an increase of lipid peroxidation [11] with the development of 

functional and metabolic disorders in the liver, kidneys and lungs [7, 12, 13]. It is important to 

note that in these experimental conditions, the detected violations decreased to 14 days of the 

experiment. This indicates that the detected disorders under the influence of two-hour limb 

ischemia in the reperfusion period are within homeostatic regulation and fully compensated 

by the body's defense systems. 

After simulation of acute blood loss, both studied fractions of MMM increased from 1 

hour of the experiment, reached a maximum after 1 day and did not return to the control level 

after 14 days. Thus, acute blood loss in the range of 20-22 % of circulating blood volume 

causes severe metabolic disorders in the internal organs with the appearance of abnormal 

synthesis of aromatic aminoacids, reduces the detoxification and excretory function of the 

internal organs. At the heart of the revealed disturbances, obviously lies the development of 

hemic hypoxia with formation active forms of oxygen, its negative impact on cell membranes 

and violation of membrane-dependent functions [14].  

However, we found for the first time that two-hour ischemia-reperfusion of the limb 

significantly aggravates the course of acute blood loss, which revealed a significantly higher 

content in the blood serum of fractions MMM254 and MMM280 compared to other 

experimental groups in almost all periods of the experiment. It can be assumed that there is a 

layering of pathogenic mechanisms of limb ischemia-reperfusion and acute blood loss in the 

formation of endogenous intoxication syndrome. According to the some authors, 

endotoxicosis is considered one of the criteria for the severity of the lesion and the starting 

point for the development of multiorgan dysfunction [15].  

Due to the use of Carbacetam, the content of both studied fractions of MMM in the 

blood serum compared with animals without correction was significantly reduced after 7 and 

14 days of the experiment. Therefore, Carbacetam counteracts the mechanisms of formation 

the substances of low and average molecular weight and the formation of aromatic 

aminoacids, which is obviously due to antioxidant and membrane-stabilizing action [16]. 

Positive effect of Carbacetam on the functional state of the liver and kidneys in conditions of 
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acute blood loss. complicated by ischemia-reperfusion of the limb was shown by other 

authors [7, 8]. Although the studied parameters did not return to the level of the Carbacetam 

control group, it can be considered a promising pathogenetically justified means of reducing 

the level of endotoxicosis in the conditions of ischemia-reperfusion of the limb and acute 

blood loss. 

Conclusions. 1. Simulation of limb ischemia-reperfusion is accompanied by the 

accumulation of MMM254-280 fractions with a maximum after 1 day of the experiment and 

normalization up to 14 days. 

2. Acute blood loss in the range 20-22 % of circulating blood volume causes an 

increase in the content in the serum of fractions MMM254-280 from 1 hour of the experiment, 

which up to 14 days do not reach the level of control. The detected disorders are significantly 

exacerbated after a combination of acute blood loss and ischemia-reperfusion of the limb. 

3. The use of Carbacetam compared to animals without correction is accompanied by a 

significant decrease in the content of MMM254-280 fractions in the blood serum after 7 and 14 

days of the experiment, which indicates the prospects of Carbacetam in the treatment of 

ischemic reperfusion syndrome and acute blood loss. 

Prospects for further research. In the future it is advisable to study the features of 

liver detoxification function under the influence of acute blood loss and ischemia-reperfusion 

of the limb and evaluate the effectiveness of Carbacetam. 
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