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Abstract 

Introduction. Under conditions of massive bleeding from the extremities, both in 

combat and in peacetime, the only means for salvation is applying tourniquet, which 

completely stops the arterial blood flow. It is believed that the maximum safe time for 

bleeding of the limb due to the use of the tourniquet is up to two hours. The systemic effect of 

acute blood loss complicated by ischemia-reperfusion of the limb on the liver, which is the 

main organ of detoxification of the body, remains almost unexplored. 

Objective of research: to determine the effect of acute blood loss complicated by 

two-hour limb ischemia and its reperfusion on the absorption-excretory and glycogen-

synthesizing function of the liver. 

Materials of the research and their discussion. The experiments were performed on 

108 nonlinear male rats weighing 200-220 g. All animals were divided into four groups: 

control and three experimental. All interventions were performed under thiopental-sodium 
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anesthesia. In the first experimental group, the animals were simulated ischemia-reperfusion 

of the limb by applying a strip of elastic harness "SWAT-T" (USA) 10 mm wide for 120 

minutes proximal to the left paw. In the second experimental group, acute blood loss (20% of 

the circulating blood volume) was simulated by cutting the femoral vein. In the third 

experimental group, these injuries were combined. In the control group, the animals were 

anesthetized, and then taken for research after 1 hour. 

After 2 and 3 hours, as well as after 1, 7 and 14 days in experimental animals were 

determined by the absorption-excretory and glycogen-synthesizing functions of the liver. 

Result of the research and their discussion. It was found that the simulation of two-

hour limb ischemia after 3 h and 1 day of reperfusion is accompanied by a significant 

decrease in hepatic excretory function, accompanied by a slowing of bile bromosulfalein 

excretion and its normalization starting from 7 days of the experiment. Under conditions of 

acute blood loss, the disorders deepen at all times of observation. Complications of acute 

blood loss by ischemia-reperfusion of the limb, contributes to a greater slowing of the 

absorption and excretory function of the liver compared to the simulation of only acute blood 

loss. The result was statistically significant after 7 and 14 days of the experiment. 

With regard to the content of glycogen in the liver, it was found that the simulation of 

only ischemia-reperfusion of the limb was accompanied by a significant decrease in the 

content of glycogen in the liver after 3 h of the experiment. Under conditions of acute blood 

loss, the rate was lower than the control level for seven days of the experiment. Additional 

ischemia-reperfusion of the limb on the background of acute blood loss caused a more 

pronounced decrease in glycogen content in the liver after 1 and 7 days of the experiment, 

which did not return to normal by 14 days of the experiment. 

The use of carbacetam showed that compared with animals without correction of the 

drug for 14 days significantly accelerated the purification of blood from bromosulfalein and 

normalized glycogen content. Thus, carbacetam is a promising means of correcting the 

functional state of the liver in conditions of acute blood loss complicated by ischemia-

reperfusion of the limb, which requires further preclinical study. 

Conclusions. Complications of acute blood loss by two-hour limb ischemia in the 

reperfusion period lead to liver dysfunction, accompanied by a greater slowing of liver blood 

clearance from bromosulfalein compared to the model of isolated blood loss after 7 and 14 

days of the experiment and a greater decrease in glycogen in the liver. 

The use of carbacetam for 14 days in the reperfusion period in animals with acute 

blood loss complicated by limb ischemia-reperfusion, compared with animals without 
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correction, significantly accelerates hepatic clearance of bromosulfalein and normalizes 

glycogen content in the liver which indicates the prospects of carbacetam as a means of 

systemic correction in the simulated pathology. It could be the theoretical basis for its use in 

the clinic. 

Key words: blood loss; ischemia-reperfusion of the limb; liver; carbacetam. 

 

Introduction. Today it is recognized that under conditions of massive bleeding from 

the extremities, both in combat and in peacetime, the only means of salvation is the 

imposition of a tourniquet, which completely stops the arterial blood flow. It is believed that 

the maximum safe time for bleeding of the limb due to the use of the tourniquet is up to two 

hours [1, 2]. 

Recently, in the literature has increasingly raised questions about the safety of two-

hour limb ischemia. It was found that complete cessation of arterial blood flow within two 

hours can cause the need for amputation of the limb, damage to nerves and vessels under the 

tourniquet, myonecrosis, compartment syndrome of the limb requiring fasciotomy, 

rhabdomyolysis with acute renal failure, deep thrombosis and thrombosis. damage to the skin 

under the tourniquet with the abscess development [3]. The basis of the detected disorders is 

the direct compression of the tissues under the tourniquet, the metabolic rearrangement of the 

tissues of the limb due to ischemia and its deepening after reperfusion. Under these 

conditions, toxic metabolites enter the bloodstream, exacerbate endotoxicosis and have a 

systemic effect on the body. According to some authors, reperfusion damage to the soft 

tissues of the limb is possible as early as 60 min after local ischemia [3, 4]. 

In the scientific literature there is a large number of studies of systemic disorders in 

the body with both massive blood loss and the use of tourniquet in civilian [5] and in combat 

[1]. Greater renal dysfunction was experimentally proven under conditions of acute blood 

loss, which was complicated by two-hour ischemia of the limb and did not reach normal 

within 14 days of the reperfusion period [6]. There are data of some authors that two-hour 

ischemia-reperfusion of both extremities on the background of combined trauma of the 

abdominal organs can deepen the development of multiorgan dysfunction [7–9]. 

However, the systemic effect of acute blood loss complicated by limb ischemia-

reperfusion on the functional state of the liver, which is the main organ of detoxification of 

the body, remains virtually unexplored. There are no data on the effectiveness of carbacetam 

under these conditions, one of the mechanisms of action of which is the tissue-protective 

effect of [10]. 
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Objective: to determine the effect of acute blood loss complicated by two-hour 

ischemia of the limb and its reperfusion, on the absorption-excretory and glycogen-

synthesizing function of the liver. 

Materials and methods. The experiments were performed on 108 nonlinear male rats 

weighing 200-220 g in compliance with the rules of the European Convention for the 

Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes 

(European Convention, 1986). 

All animals were divided into five groups: the control one and four experimental (6 

rats per each group). All interventions were performed under thiopental-sodium anesthesia. In 

the first experimental group, the animals underwent simulated ischemia-reperfusion of the 

limb by applying a strip of elastic band "SWAT-T" (USA) 10 mm wide for 120 minutes 

proximal to the left foot. The tourniquet was tightened in accordance with the indicator of 

effective pressure – absence of the blood flow [11]. In the second experimental group, acute 

blood loss (20% of the circulating blood volume) was simulated by cutting 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 were administered 

intraperitoneally for corrective purposes with carbacetam (Institute of Physical-Organic 

Chemistry and Coal Chemistry of the NAS of Ukraine, Donetsk) at a dose of 5 mg per 

kilogram of animal [10]. In the control group, the animals were anesthetized using an 

equivalent dose of sodium thiopental, a tourniquet was applied for 2 h without cessation of 

blood flow and then the animal was taken for examination after 1 h. 

After 2 and 3 hours, as well as after 1, 7 and 14 days in experimental animals was 

determined by the absorption and excretory function of the liver. The method is based on the 

ability of hepatocytes to capture bromosulfalein and, by binding it to glutathione, excrete it in 

bile. The bile acquires a purple color [12]. In rats, the common bile duct was catheterized. 

Then a 0.6% aqueous solution of bromosulfalein was injected into the femoral vein at a dose 

of 5 mg per kilogram of animal weight. The duration of bromosulfalein release from the 

moment of dye appearance in bile to the moment of its complete purification was established. 

Next, the animals were removed from the experiment by total bloodletting from the heart. 

According to the method described in [13], the glycogen content in the liver was determined. 

Liver portions weighing 25 mg were homogenized with ethanol for glucose extraction. 

Subsequently, the proteins were precipitated with a 5% solution of acetic acid. The glycogen-

containing supernatant was heated with concentrated sulfuric acid. Under these conditions, 

glycogen was hydrolyzed to glucose, which reacted with concentrated sulfuric acid. The color 
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intensity was evaluated on a photoelectrocolorimeter with a green light filter. 

Evaluation of the probability of differences between the experimental groups was 

performed using the nonparametric Mann-Whitney test. 

Research results and their discussion. As can be seen from table 1, due to the 

simulation of ischemia-reperfusion of the limb, the duration of bromosulfalein release 

increased. Starting from 3 h of observation, the differences in the control group became 

statistically significant (by 21.4%, p<0.05). The indicator was at the same level in 1 day. 

Subsequently, the duration of bromsulfalein release decreased and reached the control level 

by 14 days (p<0.05). During this period, the rate became significantly lower than after 2 and 3 

hours, as well as 1 day of observation (p<0.05). 

 

Table 1 – The duration of excretion of bromosulfalein with bile (min) after acute blood 

loss complicated by ischemia-reperfusion of the limb (Ме (LQ;UQ)) – median (lower and 

upper quartile) 

Experimental group 
Duration of the reperfusion period 

2 hours 3 hours 1 day 7 days 14 days 

Control group = 42,00 (38,50; 45,50) (n=6) 

Group 1 

Ischemia-

reperfusion 

45,00 

(43,25; 

46,75) 

(n=6) 

51,00*2h 

(50,25; 

52,50) 

(n=6) 

52,00*2h 

(50,25; 

54,50) 

(n=6) 

44,003h,1d 

(42,50; 

47,00) 

(n=6) 

39,002h,3h,1d 

(36,50;  

43,00) 

(n=6) 

Group 2 

Blood loss 

53,00* 

(52,00; 

55,50) 

(n=6) 

57,00* 

(55,25; 

59,50) 

(n=6) 

62,00*2h,3h 

(60,50; 

63,50) 

(n=6) 

56,00*1d 

(53,00; 

57,50) 

(n=6) 

53,00*3h,1d 

(49,00;  

54,00) 

(n=6) 

Group 3 

Ischemia-

reperfusion+blood 

loss 

57,00* 

(56,00; 

61,00) 

(n=6) 

62,50* 

(60,50; 

63,75) 

(n=6) 

67,00*2h,3h 

(64,50; 

71,00) 

(n=6) 

60,00*1d 

(57,00; 

61,50) 

(n=6) 

54,00*2h,3h,1d 

(53,25;  

57,00) 

(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 the Table 2: 

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

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

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

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

5. 2h,3h,1d,7d – differences concerning 2 h and 3 h as well as 1 day and 7 days respectively are 

statistically significant (р0,05). 

 

After modeling of acute blood loss, the duration of bromsulfalein secretion was 
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statistically significantly longer compared to the control at all follow-up periods: after 3 h - by 

26.2%, after 3 h - by 35.7%, after 1 day - by 47.6%, after 7 days - by 33.3%, after 14 days - 

by 26.2% (p<0.05). As can be seen, the maximum of bromosulfalein secretion disorders 

occurred after 1 day, which was statistically significantly higher than the previous observation 

time (p<0.05). After 14 days, the rate decreased and became significantly smaller than after 3 

h and 1 day of observation (p<0.05). 

After simulation of acute blood loss complicated by ischemia-reperfusion of the limb, 

the violations compared with the control were even greater with a maximum of 1 day (59.5%, 

p<0.05), which also significantly exceeded 2 and 3 h of observation (p<0.05). By day 14, the 

indicator decreased, continued to exceed the control group by 28.6% (p<0.05) and was 

statistically significantly lower than after 2 and 3 h and 1 day of observation (p<0.05). 

Comparison of experimental groups showed that after modeling acute blood loss 

(experimental group 2), the duration of bromsulfalein secretion at all observation times was 

statistically significantly longer than after modeling only limb ischemia-reperfusion 

(experimental group 2) (p1-2<0.05). Under the conditions of a combination of acute blood loss 

and ischemia-reperfusion of the limb (experimental group 3), the indicator was also higher in 

all terms than after modeling only ischemia-reperfusion of the limb (p1-3<0.05). Compared 

with experimental group 2, the duration of bromsulfalein release was significantly longer after 

7 and 14 days of observation (p2-3<0.05). 

Analysis of glycogen content in the liver showed (Table 2) that under the influence of 

ischemia-reperfusion of the limb, the rate decreased to 3 h of the experiment and was 9.1% 

lower than in the control, which was statistically significant (p<0.05). Subsequently, the 

indicator increased and did not differ significantly from the level of control (p>0.05). 

Under conditions of acute blood loss, the violations were greater. The glycogen 

content after 2 h of the experiment became significantly lower than in the control (15.6%, 

p<0.05). By one day, the indicator reached a minimum value and was 22.1% lower than in the 

control (p<0.05) and was comparable with 2 hours of observation (p>0.05). Subsequently, the 

indicator increased and reached the level of control by 14 days (p>0.05). 

After modeling of acute blood loss and ischemia-reperfusion of the limb, the glycogen 

content in the liver at all follow-up was significantly lower than in the control: after 2 h - by 

18.9%, after 3 h - by 25.7%, after 1 day - by 27.7%, after 7 days - by 22.1%, after 14 days - 

by 12.3% (p<0.05). The rate reached a minimum after 1 day and was significantly less than 

after 2 hours of the experiment. By day 14, the rate increased and became statistically 

significantly greater than after 3 h, 1 and 7 days of the experiment (p<0.05). 
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Table 2 – Glycogen content in the liver (g kg-1) after acute blood loss complicated by 

limb ischemia-reperfusion (Ме (LQ;UQ)) – median (lower and upper quartile) 

Experimental group 
Duration of the reperfusion period 

2 hours 3 hours 1 day 7 days 14  days 

Control group = 24,8 (24,1; 25,5) (n=6) 

Group 1 

Ischemia-reperfusion 

22,9 

(21,4; 

24,8) 

(n=6) 

22,5* 

(22,2; 

23,0) 

(n=6) 

23,6 

(22,9; 24,0) 

(n=6) 

24,2 

(23,7; 

25,8) 

(n=6) 

24,3 

(23,5;  

24,9) 

(n=6) 

Group 2 

Blood loss 

20,9* 

(20,4; 

21,2) 

(n=6) 

20,0* 

(19,0; 

20,6) 

(n=6) 

19,3*2г 

(18,4; 19,7) 

(n=6) 

20,5*1д 

(20,3; 

20,9) 

(n=6) 

22,43г,1д 

(21,0;  

23,0) 

(n=6) 

Group 3 

Ischemia-

reperfusion+blood 

loss 

20,1* 

(19,5; 

21,5) 

(n=6) 

18,4*2г 

(17,8; 

19,1) 

(n=6) 

17,9*2г 

(17,8; 18,1) 

(n=6) 

19,3*3г,1д 

(18,8; 

20,1) 

(n=6) 

21,7*3г,1д,7д 

(21,3;  

22,8) 

(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 comparison of experimental groups showed that after modeling of acute blood 

loss (experimental group 2) the glycogen content in the liver became significantly lower than 

after modeling only ischemia-reperfusion of the limb (experimental group 1) at all times of 

observation (p1-2, p<0.05). Under conditions of acute blood loss complicated by limb 

ischemia-reperfusion (experimental group 3), the rate was also significantly lower compared 

to experimental group 1 after 3 h, 1, 7 and 14 days (p1-3<0.05), and compared with the 

experimental group 2 after 1 and 7 days of the experiment (p2-3<0.05). 

The use of carbacetam for correction (Fig. 1) compared with animals without 

correction for 7 days was accompanied by a decrease in the duration of bromsulfalein release, 

but the result was not statistically significant (p>0.05). The use of carbacetam for 14 days 

caused a significant decrease in this indicator - by 11.1% (p<0.05). With regard to the content 

of glycogen in the liver, after 7 days after the use of carbacetam, the rate was statistically 

significantly increased compared with animals without correction (p<0.05). After 14 days of 

drug use, the glycogen content in the liver reached the level of the control group (p>0.05). 

The obtained results indicate that the simulation of two-hour limb ischemia after 3 h 

and 1 day of reperfusion is accompanied by a significant decrease in the absorption and 

excretory function of the liver, accompanied by a slowing of bile bromosulfalein excretion 
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and its normalization starting from 7 days of the experiment. Under conditions of acute blood 

loss, the disorders deepen during all period of observation. 

 

 

Figure 1 - The effect of carbacetam on the duration of bromsulfalein (min) after acute 

blood loss complicated by ischemia-reperfusion of the limb. (Note. Here and in Figure 2: * - 

differences in control are statistically significant, p<0.05; # - differences in the group without 

correction are statistically significant, p<0.05). 

 

However, we found for the first time that the complication of acute blood loss by 

ischemia-reperfusion of the limb contributes to a greater slowing of the absorption and 

excretory function of the liver compared to the simulation of only acute blood loss. The result 

was statistically significant after 7 and 14 days of the experiment. It is known that Kupffer 

liver cells completely absorb bromosulfalein from the blood. Subsequently, its 

glucuronidation occurs in the endoplasmic reticulum of the liver and the release into the bile 

capillary at the biliary pole of hepatocytes. Therefore, the bromosulfalein test characterizes 

the functional state of endotheliocytes and endoplasmic reticulum of the liver and is one of 

the most sensitive tests in assessing the functional state of the liver [12]. Thus, additional 

ischemia-reperfusion of the limb on the background of acute blood loss, causes greater 

impairment of the functional state of the liver than modeling only acute blood loss. The basis 
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of the detected disorders is probably an increase in toxic effects on the liver due to the intake 

of non-oxidized products, reactive oxygen species and their toxic metabolites from the 

ischemic limb and indicates the development of mutual burden syndrome [14]. 

 

 

Figure 2 - The effect of carbacetam on the glycogen content in the liver (g l-1) after 

acute blood loss complicated by ischemia-reperfusion of the limb. 

 

Decreased levels of glycogen in the liver under the influence of ischemia-reperfusion 

of the limb, acute blood loss and their combination indicates the activation of the sympatho-

adrenal system and disorder of the mechanisms of glycogen resynthesis [15]. Our results 

indicate that the simulation of only limb ischemia-reperfusion after 3 h of the experiment is a 

pronounced stressor for the body of experimental animals, which is accompanied by a 

decrease in glycogen content in the liver. Under conditions of acute blood loss, the rate is 

lower than the control level for seven days of the experiment. Its further normalization is a 

sign of the development of adaptation - the predominance of glucocorticoids over 

catecholamines, which help maintain adequate metabolism under stress and, in particular, the 

accumulation of glycogen in the liver. However, additional ischemia-reperfusion of the limb 

causes a more pronounced decrease in glycogen content in the liver on the background of 

acute blood loss after 1 and 7 days of the experiment, which is not normalized to 14 days of 
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the experiment. The obtained result indicates that additional ischemia-reperfusion of the limb 

deepens the development of energy deficiency in tissues and processes of cellular intoxication 

and can cause secondary functional and structural changes [16]. 

In order to correct the detected disorders, we used carbacetam, which according to 

some authors proved to be effective in conditions of acute blood loss complicated by 

ischemia-reperfusion of the limb [17]. Studies have shown that compared with animals 

without correction, the use of the drug for 14 days significantly accelerates the purification of 

blood from bromosulfalein and normalizes glycogen content. Its positive effect is obviously 

based on antioxidant, immunomodulatory, detoxifying, membrane-stabilizing and tissue-

protective action, which was proved by some authors [10]. Thus, carbacetam is a promising 

means of correcting the functional state of the liver in conditions of acute blood loss 

complicated by ischemia-reperfusion of the limb, which requires further preclinical study. 

Conclusion. 1. Complication of acute blood loss by two-hour limb ischemia in the 

reperfusion period causes liver dysfunction, accompanied by a greater slowing of hepatic 

blood purification from bromosulfalein compared to modeling only blood loss after 7 and 14 

days of the experiment and a greater decrease in glycogen content in the liver. 

2. The use of carbacetam for 14 days in the reperfusion period in animals with acute 

blood loss complicated by ischemia-reperfusion of the limb, compared with animals without 

correction, significantly accelerates hepatic clearance of bromosulfalein and normalizes 

glycogen content in the liver, which indicates the prospects of carbacetam as a means of 

systemic correction in the simulated pathology and approves the theoretical basis for its use in 

the clinic. 

Perspectives of further research. In the future, it is advisable to deepen the study of 

molecular mechanisms of liver dysfunction on the background of acute blood loss under 

conditions of ischemia-reperfusion of the limb and the effectiveness of carbacetam. 
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