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Abstract 

Introduction. The development of multiorgan dysfunction and insufficiency is one of 

the serious complications of severe multiple and combined lesions. In their pathogenesis, a 

key role is played by secondary lesions of organs remote from the site of direct injury, which 

is caused by the systemic response of the body to inflammation and is a characteristic feature 

of traumatic disease. As a model of the development of organ damage in experimental 

polytrauma, the biliary function of liver is often investigated. However, the features of 

systemic disorders, in particular, the biliary function of liver, in conditions of severe skeletal 

injury, depending on the resistance to hypoxia, have not been studied enough. 

Purpose: to determine the dynamics of biliary function of liver in case of 

cranioskeletal trauma complicated with blood loss among rats with different resistance to 

hypoxia during the early period of traumatic disease and to evaluate the effectiveness of 

thiocetam in the correction of identified disorders. 
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Materials and methods. 108 nonlinear white male rats weighing 180-200 g were used 

in the experiments. Previously, individual resistance to hypoxia was determined, rats were 

divided into two groups: with high- and low-resistance (HR and LR) animals to hypoxia. 

Subsequently, HR and LR rats were divided into 4 groups: one control and three 

experimental. Under conditions of thiopentale sodium anesthesia (40 mg kg-1) the first 

experimental group HR and LR of rats was had cranioskeletal trauma, the second - acute 

blood loss in the amount of 20-22% of circulating blood volume, the third experimental group 

after application of cranioskeletal injuries and acute blood loss in order to correct HR and LR-

rats were thrown Thiocetam intraperitoneally, dose 250 mg kg-1 of body weight 1 time per 

day. Animals of the control and experimental groups in 1, 3 and 7 days after injury were 

catheterized the common bile duct, collected bile, in which the content of total bile acids was 

determined. 

It was found out that laboratory white rats, which are genetically different in resistance 

to hypoxia, also differ in the intensity of biliary function of liver. Among HR rats, the bile 

content of total bile acids was higher than that among LR rats. Under the influence of 

cranioskeletal injury, the bile content of total bile acids decreased among both HR and LR 

rats. Despite the lower initial content of total bile acids in the bile of LR rats, under the 

influence of cranioskeletal trauma in this group, the degree of the studied indicator reduction 

was significantly greater than among HR rats, indicating greater sensitivity of LR rats to 

pathogens of traumatic disease, which lead to damage to the microsomal monooxygenase 

system of hepatocytes. Under the conditions of acute blood loss additional modeling, the 

disorders were more visible, but the result was statistically significant only among LR rats in 

3 days of the experiment. In addition, LR rats had a greater degree of reduction of the studied 

indicator in 3 and 7 days of the experiment. Under the influence of seven-day-usage of 

Thiocetam in the groups of LR and HR rats with cranioskeletal trauma, the violation of total 

bile acids content in the bile became significantly lower compared to animals without 

correction. A similar result was found under conditions of additional acute blood loss. Under 

these conditions, the degree of increase of total bile acids content in the bile was greater 

among LR rats than among HR rats, which indicates a higher efficiency of Thiocetam among 

LR rats. 

Conclusions: 1. The content of total bile acids in the bile among intact HR-rats is 

significantly higher than among LR-rats. Under the influence of cranioskeletal trauma, the 

content of total bile acids in the bile is reduced compared to the control, but the degree of 

reduction is significantly greater among LR rats after 7 days of the experiment. Complication 
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of cranioskeletal injury with acute blood loss causes a significantly greater reduction in the 

bile content of total bile acids among LR rats compared with HR rats after 3 and 7 days of the 

experiment. The use of Thiocetam is accompanied by a decrease of liver biliary dysfunction, 

which is more visible among LR rats with acute blood loss. 

Key words: cranioskeletal trauma; blood loss; resistance to hypoxia; bile-forming 

function of liver; Thiocetam. 

 

Introduction. The development of multiorgan dysfunction and insufficiency is one of 

serious complications of severe multiple and combined lesions. In their pathogenesis, a key 

role is played by secondary lesions of organs remote from the site of direct injury, which is 

caused by the systemic response of the body to inflammation and is a characteristic feature of 

traumatic disease [1]. 

As a model of the development of organ damage in experimental polytrauma, the 

biliary function of liver is often studied, in particular the concentration of total bile acids and 

conjugated bilirubin in bile [2], which are organ-specific features of the functional state of 

liver and are related to the functional capacity of the microsomal hepatocyte system, in which 

the main synthetic and detoxification processes take place [3]. In particular, [4] the work 

shows that in the acute period and the period of early manifestations of traumatic disease in 

the case of cranioskeletal trauma there is a violation of biliary function of liver, manifested by 

decreased bile secretion and excretion of total bile acids, cholesterol, total and direct bilirubin 

with a minimum 7 days after injury. The revealed disturbances deepen after additional acute 

blood loss. In the pathogenesis of the identified disorders, the authors perceive the influence 

of liver hypoxia, which occurs due to impaired microcirculation and decreased blood supply 

of the organ with the activation of lipid peroxidation and degradation of endoplasmic 

membranes. 

It is known that one of the constitutional features of the mammalian body is resistance 

to hypoxia. However, the features of systemic disorders, in particular biliary function of liver, 

under conditions of severe skeletal injury, depending on the resistance to hypoxia, have not 

been studied enough. Giving the leading role to hypoxia in the pathogenesis of polytrauma, 

we can assume a different course of traumatic disease among animals with high- and low-

resistance to hypoxia. 

Purpose: to determine the dynamics of liver biliary function in the case of 

cranioskeletal trauma complicated with blood loss among rats with different resistance to 
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hypoxia during the early period of traumatic disease and to evaluate the effectiveness of 

thiocetam in the correction of the identified disorders. 

Materials and methods. 108 nonlinear white male rats weighing 180-200 g were used 

in the experiments. All animals were on a standard vivarium diet. Previously, according to the 

method described in the work [5], rats were exemined for individual resistance to hypoxia and 

two groups were identified: high- and low-resistant (HR and LR) to hypoxia animals. In 14 

days, HR and LR rats were divided into 4 groups: one control (6 intact hypoxia-resistant rats), 

and three experimental. Under thiopental sodium anesthesia (40 mg kg-1) in the first 

experimental group HR and LR rats (36 animals) simulated cranioskeletal trauma by 

sequential application of a dosed stroke to the skull with the achievement of closed 

craniocerebral trauma of moderate severity and dosed stroke on the thigh by percussion 

device with a wedge-shaped nozzle to achieve a closed hip fracture [6]. In the second 

experimental group, HR and LR-rats (36 animals) under conditions of asepsis and antiseptics 

additionally simulated acute blood loss in the amount of 20-22% of the circulating blood 

volume by crossing the femoral vein [7]. In the third experimental group after application of 

cranioskeletal trauma and acute blood loss for the purpose of correction of HR and LR rats 

(24 animals) were intraperitoneally administered Thiocetam (JSC "Halychpharm", Lviv, 

Ukraine), dose of 250 mg kg-1 body weight once a day [8]. 

The biliary function of liver was studied among animals of the experimental groups 1, 

3 and 7 days after injury, which corresponded to the acute period and the period of early 

manifestations of traumatic disease. Under thiopental-sodium anesthesia (60 mg kg-1), the 

common bile duct was catheterized in animals and bile was collected for 1 hour. The content 

of total bile acids was determined in the obtained bile [3]. Animals in the control group were 

only thrown under thiopental sodium anesthesia, bile secretion function was studied after 1 

day.  

In order to neutralize the effect on the result of different content of total bile acids in 

HR- and LR-rats of the control group, in addition to the absolute values of the studied 

indicator, the ratio of individual values of indicators in groups to the average value of the 

control group is calculated. This allowed us to assess the statistical significance of the 

deviation degree of the studied indicator in the groups of HR and LR. We also calculated the 

average ratio of individual values of total bile acids in the group of animals with correction to 

the average value of the animal group without correction to assess the statistical significance 

of the deviation degree of the studied indicator among animals treated with Thiocetam 

compared with animals without correction. 
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During the work with laboratory animals, international requirements for the humane 

treatment with animals were complied in accordance with the rules of the European 

Convention for the Protection of Vertebrate Animals Used for Experimental and Other 

Scientific Purposes (European Convention, 1984). Euthanasia of rats after bile collection was 

performed by total bloodletting from the heart. 

Statistical analysis of the results was performed using the Mann-Whitney test in the 

software package STATISTICA 10.0 ("StatSoft, Inc.", USA). 

Research results and their discussion. As can be seen from table 1, in the control 

group of HR rats, the bile content of total bile acids was statistically significantly higher than 

that of LR rats (by 30,2%, p <0,05). 

 

Table 1 - Dynamics of total bile acids content (g ∙ l-1) in response to cranioskeletal 

trauma complicated by blood loss among animals with different resistance to hypoxia (Me 

(LQ; UQ)) - median (lower and upper quartiles) 

Resistance to 

hypoxia 

Control  The term of the post-traumatic period 

1 day 3 day 7 day 

Cranioskeletal trauma 

Low-resistant 

2,48 

(2,29; 2,55) 

(n=6) 

2,18* 

(1,99; 2,25) 

(n=7) 

1,88*1д 

(1,69; 1,95) 

(n=7) 

1,46*1д,3д 

(1,31; 1,50) 

(n=7) 

Highly resistant 

3,23# 

(3,15; 3,41) 

(n=6) 

2,78*# 

(2,48; 2,96) 

(n=8) 

2,51*# 

(2,42; 2,78) 

(n=10) 

2,33*# 

(2,14; 2,51) 

(n=10) 

Cranioskeletal trauma + blood loss 

Low-resistant 

2,48 

(2,29; 2,55) 

(n=6) 

1,95* 

(1,95; 2,06) 

(n=6) 

1,43*1д 

(1,24; 1,50) 

(n=6) 

1,20*1д 

(1,20; 1,28) 

(n=5) 

Highly resistant 

3,23# 

(3,15; 3,41) 

(n=6) 

2,51*# 

(2,31; 2,66) 

(n=8) 

2,36*# 

(2,27; 2,51) 

(n=9) 

2,03*#1д,3д 

(1,95; 2,21) 

(n=8) 

р1 >0,05 <0,05 >0,05 

р2 >0,05 >0,05 >0,05 

Notes. Here and in other tables: 

1. * - differences relative to the control group are statistically significant (p0,05); 

2. # - differences between groups of HR and LR animals are statistically significant 

(p0,05); 

3. 1d, 3d - differences in relation to 1 and 3 days of observation are statistically 

significant (p0,05); 

4. p1 - the probability of differences in groups of emergencies of LR animals with and 

without additional blood loss; 

5. p2 - the probability of differences in the groups of HR animals with existing and no 

additional blood loss; 
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Under the influence of cranioskeletal trauma among LR rats, the bile content of total 

bile acids decreased: after 1 day - by 12,1%, after 3 days - by 24,2%, after 7 days - by 41,1%. 

In all terms of the post-traumatic period, the differences were statistically significant 

compared with the control (p <0,05). Among HR rats, the indicator also decreased statistically 

significantly compared with the control: by 13,9, 22,2 and 27,9%, accordingly (p <0,05). 

Comparison of the studied indicator value between the experimental groups showed that in all 

periods of the post-traumatic period among HR rats, the absolute value of the studied 

indicator was significantly higher than among LR rats (27,5, 33,5 and 59,6%, accordingly, p < 

0,05). 

Analysis of the average ratio dynamics of individual bile contents of total bile acids to 

the average value of the control group showed (Table 2) that after 1 and 3 days the differences 

between the experimental groups were statistically not significant (p> 0,05). At the same time, 

after 7 days, the value of the studied indicator in the group of HR-rats was significantly higher 

(by 22,0 %, p <0,05). 

 

Table 2 - Dynamics of the average ratio of individual values of bile flow rate to the 

average value of the control group in response to cranioskeletal trauma complicated by blood 

loss among animals with different resistance to hypoxia (Me (LQ; UQ)) - median (lower and 

upper quartiles) 

Resistance to 

hypoxia 

The term of the post-traumatic period 

1 day 3 day 7 day 

Cranioskeletal trauma 

Low-resistant 

0,88 

(0,80; 0,91) 

(n=7) 

0,76 

(0,68; 0,79) 

(n=7) 

0,59 

(0,53; 0,60) 

(n=7) 

Highly resistant 

0,86 

(0,77; 0,92) 

(n=8) 

0,78 

(0,75; 0,86) 

(n=10) 

0,72# 

(0,66; 0,78) 

(n=10) 

Cranioskeletal trauma + blood loss 

Low-resistant 

0,79 

(0,79; 0,83) 

(n=7) 

0,57 

(0,50; 0,60) 

(n=7) 

0,48 

(0,48; 0,51) 

(n=7) 

Highly resistant 

0,78 

(0,71; 0,82) 

(n=8) 

0,73# 

(0,70; 0,78) 

(n=10) 

0,63# 

(0,60; 0,68) 

(n=10) 

 

Simulation of additional blood loss among animals with cranioskeletal trauma also led 

to a statistically significant decrease in the content of total bile acids in bile (Table 1): among 

LR animals, accordingly, by 21,4, 42,3 and 51,6% (p <0,05) among HR rats - by 22,3, 26,9 
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and 37,2%, accordingly (p <0,05). Comparison of experimental groups showed that during all 

periods of the post-traumatic period in the group of HR-rats the value of the studied indicator 

was significantly lower than among LR-rats (accordingly 28,7, 65,0 and 69,2%, p <0,05). 

Analysis of the average ratio dynamics of individual bile contents of total bile acids to 

the average value of the control group showed (Table 2) that after 1 day the differences 

between the experimental groups were statistically not significant (p> 0,05). At the same time, 

after 3 and 7 days, the value of the studied indicator in the group of HR rats was significantly 

higher (by 28,1 and 31,2%, p <0,05, accordingly). 

Groups comparison of LR rats with cranioskeletal trauma depending on the presence 

or absence of acute blood loss showed that under conditions of acute blood loss, the bile 

content of total bile acids became statistically significantly lower only after 3 days of the 

experiment (by 23,9%, p1 <0,05). Among HR rats with cranioskeletal trauma, additional 

blood loss also led to a decrease in the value of the studied indicator, but the result during all 

periods of the post-traumatic period was not statistically significant (p2> 0,05). 

Under conditions of correction with Thiocetam after 7 days, the content of total bile 

acids in the bile of animals, which simulated only cranioskeletal trauma (Fig. 1), increased: 

among LR animals - by 28,7% (p <0,05), among HR- rats - by 19,3% (p <0,05).  

 

Figure 1 - The effect of Thiocetam on the content of total bile acids in the bile (g ∙ l-1) 

7 days after modeling of cranioskeletal trauma among animals with different resistance to 

hypoxia (Here and in Fig. 2: * - differences in the group of animals without statistical 

correction probable, p <0,05). 
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Animals, which were additionally were simulated acute blood loss, the rate also 

increased under the influence of Thiocetam, (Fig. 2): among LR animals by 50,0% (p <0,05), 

among HR rats - by 29,6% <0,05). 

 

Figure 2 - The effect of Thiocetam on the content of total bile acids in the bile (g ∙l-1) 7 

days after modeling of cranioskeletal trauma complicated by blood loss among animals with 

different resistance to hypoxia. 

 

Estimation of the average ratio of individual bile contents of total bile acids in the 

group of animals with correction to the average value of animals without correction showed 

(Fig. 3) that the degree of increase in bile content of total bile acids under the influence of 

Thiocetam among animals with different resistance to hypoxia, which simulated only 

cranioskeletal trauma, did not differ (p> 0,05), although there was a tendency to a larger value 

in the group of LR animals. However, under conditions of additional blood loss, the rate was 

statistically significantly higher among LR rats compared with HR rats (by 16,3%, p <0,05). 

The obtained results indicate that laboratory white rats, which are genetically different 

by the degree of resistance to hypoxia, also differ by the intensity of bile-forming function of 

the liver. Among HR rats, the bile content of total bile acids was higher than that of LR rats. It 

is known that in the process of bile acids synthesis from cholesterol the leading role is played 

by the membranes state of the hepatocytes microsomal system. In this regard, it can be argued 

that the functional activity of hepatocyte microsomes is higher among HR rats. Given the 
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broad substrate specificity of hepatocyte microsome enzymes [9], it can be assumed that the 

metabolic capacity of hepatocytes is greater among HR rats. The last, in turn, is also 

genetically determined, which allowed among rats to identify fast and slow metabolizers [10]. 

During control these authors also found a higher content of total bile acids among fast-

metabolizing rats. 

 

Figure 3 - Dynamics of the average ratio of individual values of bile secretion in a 

group of animals with correction to the average value of animal group without correction 

under the condition of cranioskeletal trauma modeling complicated by blood loss among high- 

and low-resistant animals to hypoxia. 

 

Under the influence of cranioskeletal trauma, the bile content of total bile acids 

decreased among both LR rats and HR rats. This is probably due to the damage tof the 

membranes of the microsomal enzyme hepatocytes by reactive oxygen species and free 

radicals, as it is shown in the works of other authors [11]. Despite the lower initial content of 

total bile acids in the bile of LR rats, under the influence of cranioskeletal trauma in this 

group, the degree of reduction of the studied index was significantly greater than among HR 

rats, indicating greater sensitivity of LR rats to pathogens of traumatic disease. which lead to 

the affection of the microsomal monooxygenase system of hepatocytes [12]. 

Under additional simulation of acute blood loss, the disorders were more visible, but 

the result was statistically significant only among LR rats after 3 days of the experiment, 
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indicating a greater impact of hypoxemia due to blood loss on the functional state of liver. An 

additional confirmation of this was the greater degree of reduction of the studied indicator 

among LR rats, which was statistically significant after 3 and 7 days of the experiment. It can 

be assumed that among LR rats, hypoxia is a key pathogenic factor of cranioskeletal trauma 

and blood loss, which contribute to the slowing of the hepatocytes metabolic function, in 

particular its bile-forming function. 

In order to correct the detected disorders, we used the medication Thiocetam, which, 

as shown by our previous studies [13], proved to be effective in the correction of lipid 

peroxidation disorders, antioxidant protection and cytolysis. Studies have shown that under 

the influence of seven-day use of Thiocetam in groups of LR and HR rats with cranioskeletal 

trauma disorders of the total bile acids in bile became significantly smaller compared to 

animals without correction. A similar result was found under conditions of additional acute 

blood loss. Analysis of the deviation degree of the studied indicator among animals injected 

with Thiocetam, compared with animals without correction, showed that the degree of 

increase in total bile acids in bile among LR rats was greater than among HR rats, which was 

statistically significant in terms of additional blood loss. Thus, the efficiency of Thiocetam 

among LR rats was higher compared to HR rats, which requires further preclinical studies. 

Conclusions: 1. The content of total bile acids in bile, as a basic indicator of bile-

forming function of liver, among intact HR rats is significantly higher than among LR rats. 

2. Under the influence of cranioskeletal trauma, the content of total bile acids in bile is 

probably reduced compared to control in the groups of LR and HR rats, but the degree of 

reduction is significantly greater among LR rats after 7 days of post-traumatic period. 

3. Complication of cranioskeletal trauma by acute blood loss causes a significantly 

greater decrease in the bile content of total bile acids among LR rats compared with HR rats 

after 3 and 7 days of the experiment. 

4. Usage of Thiocetam is accompanied by a decrease in the disorders of bile-forming 

function of liver among LR and HR rats with cranioskeletal trauma, which is more visible 

among LR rats with acute blood loss. 

Prospects for further research. In the future, it is necessary to investigate the 

structural differences of liver among animals with different resistance to hypoxia with 

cranioskeletal trauma complicated by blood loss. 
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