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Abstract: The article presents the results of pharmacological study derivatives of glucosamine and their combinations with flavonoid quercetin as correctors hepatotoxicity anthracycline antibiotics, particularly doxorubicin. As the test compounds we studied substance of glucosamine hydrochloride in conventionally therapeutic doses of 50 mg/kg, and the combination of the aminosugars glucosamine hydrochloride and N-acetylglucosamine with flavonoid quercetin in a 3:1 ratio in terms of glucosamine hydrochloride in conventionally therapeutic dose 82 mg/kg. Quercetin was used at a dose of 20.5 mg/kg as a reference preparation. To assess the degree of liver damage and the severity of hepatoprotective activity of selected objects we determined a number of biochemical parameters (level of TBA- reactants of serum and liver homogenate, the activity of indicator cytolysis enzymes ALT, AST, total protein, glucose, urea in serum) and conducted histomorphological study of liver tissue. According to results of the experiment we established that all tested compounds have the ability to reduce the toxic effects of doxorubicin in relation to the liver. With respect to overall rating of the studied parameters a combination of aminosugars glucosamine hydrochloride and N-acetylglucosamine with quercetin showed the most significant hepatoprotective effect, which can be explained by a synergistic action of its individual components, targeted on inhibition of free radical processes and cytolysis, inhibition of inflammation, urea formation function, protein synthesis in the liver, the normalization of carbohydrate metabolism and decrease of hypoplastic changes in the liver tissue. The results of study experimentally substantiate the prospect use of a combination of aminosugars glucosamine hydrochloride and N-acetylglucosamine with quercetin for pharmacological correction of toxic effects of anthracycline antibiotics during anticancer therapy.
Drug-induced liver injuries remain one of the most important problems of modern pharmacotherapy. Anticancer drugs is also have an hepatotoxic effects [7,10]. It is known that activation and breakdown of most anticancer medicines occur in the liver, that leads to activation of lipid peroxidation and decreased antioxidant defence and causes side toxic effects, including damage to the hepatobiliary system [2,3,7,10,15]. In this regard, it is important to find effective drugs for the correction of hepatotoxicity cytostatics, which are not only effective but also safe with respect to the liver. Perspective compounds that have a hepatoprotective effect is primarily compounds of natural origin among which aminosugars (derivatives of glucosamine) and bioflavonoids occupied a special place [16, 18]. Endogenous glucosamine is an important component of biological membranes and has a membrane stabilizing effect that plays an important role in the mechanism of hepatoprotective action [19, 24]. Quercetin (Q) is one of the most common plant bioflavonoids. It neutralizes free radicals and stabilize cells membranes, including hepatocytes, that can cause its protective effect during anticancer therapy [9, 20, 22].
Thus, the aim of our work was to the pharmacological study derivatives of glucosamine and their combinations with quercetin as a possible correctors of hepatotoxic action of antitumor anthracycline antibiotic doxorubicin in experiment on rats.
Materials and methods
Experiments were carried out on 75 mongrel white rats weighing 200-250 g. All animals were kept under standard vivarium conditions with free access to food and water. To obtain statistically reliable results the groups were formed by 15 animals each. All experimental animals except the intact group were injected intraperitoneally "Doxorubicin-KMP" (JSC "Kyivmedpreparat", Ukraine) at a dose of 5 mg / kg body weight once a week for four weeks [14]. Animals were divided into 5 groups: Group 1 – intact, group 2 – control animals that received only doxorubicin (DOX) according the scheme; 3,4,5 groups were the rats that received objects studied DOX daily during four weeks (3 – glucosamine hydrochloride (GA h/ch) in conventionally-therapeutic dose of 50 mg/kg [5]; 4 – combination aminosugars GA h/ch and N-acetylglucosamine with quercetin at a ratio of 3:1 in recolculation on GA h/ch (CA+Q) in conventionally-therapeutic dose of 82 mg/kg [6]; 5 – reference substance quercetin at a dose of 20,5 mg/kg [6]). All intervention and euthanasia of animals was carried out in compliance with the "European Convention for the Protection of Vertebrate Animals used for experimental and other scientific purposes" (Strasbourg, 1986) the IV-th National Congress on Bioethics (Kyiv, 2010).
Hepatoprotective effect was evaluated at the end of administration of investigational compounds (on 29 day of the experiment) by the following biochemical parameters: the level of TBA-reagents in serum and liver homogenate [12], the activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST), the content of total protein, glucose, urea in serum, and the results of the morphological study of the liver. In the study the biochemical reagents sets «Lachema» (Czech Republic) were used. For morphological study of liver specimens were fixed in 10% formalin solution, deaquated in alcohols of increasing concentration, embedded in tseloyidyn-paraffin. Slices were stained with hematoxylin and eosin [11]. Microscopic study of micropreparations was performed under a microscope Mikros 400 (Austria), Granum, photomicrography of microscopic images was carried out with a digital camera Nicon Col Pix 4500, digital video camera Granum DSM 310. Images were processed on PC Pentium 2,4 GHz using software Nicon View 5, Toup View.
Statistical analysis of the results was performed using Student t-test and the methods of variation statistics using software Statistica 6.0.
Results and discussion
The results of study prove hepatotoxic effect of DOX, that agree with literature data by injury situation [4, 8, 13, 17, 21, 22]. As shown in Table 1, activation of lipid peroxidation observed in the group of control of pathology, as evidenced by the significant increase of the level of TBA-reagents in serum and liver homogenate in 1,8 and 2,2 times respective to the group of intact animals. Also, a significant increase in activity indicator cytolysis enzymes indicated the toxic effect of DOX: ALT activity increased twice, the activity of AST – 2,2 times (Table 1). Adminestring of DOX adversely affects the protein synthesis in liver function: there was a significant reduction the level of total protein in 1,2 times relative to the group of intact animals. This confirms the fact that the products of lipid peroxidation, that form after the administration of DOX, increase the breakdown of proteins and reduce their synthesis due to its high prooxidant activity enhance [1]. The concentration of urea in serum of rats in the control group significantly decreased 1,3 times relative to the group of intact animals that confirms the failure of urea formation liver function. After the administration of DOX of carbohydrate metabolism was impaired, that manifested by hyperglycemia in the group of control of pathology: the level of glucose was significantly higher in 1,2 times relative to the intact group of animals.
These biochemical data confirmed the results of morphological study. Thus, after the administration of DOX in rats, distinctly thickened connective tissue capsule of the liver was observed (Fig. 1). External boundary plate destroyed, sometimes underneath hemorrhage were visible. Diffusely on all pieces clear failure of hemodynamics was observed as full-blood sinusoidal capillaries, the central and the portal veins. Star reticuloendotheliocytes hypertrophied freely lying in the lumen of blood capillaries. Diffusely cytolysis of hepatocytes (as single cells or small groups) with different stages of lysis of nucleus and cytoplasm was found in pieces. In the part of hepatocytes small-drop infiltration of cytoplasm was clearly visible. Part of hepatocytes was in necrosis stage – from the stage that preceded of necrosis (acidophilic degeneration – the reduced volume cell, cytoplasm dense, intensely eosinophilic nucleus pyknotic) to the stage of "mummification" (cells Kaunsylmena – pushing acidophilic, wrinkled cell in the lumen of the capillary) (Fig. 1). Visually lowering of the pool of dual hepatocytes was observed. Monomorphic of majority of hepatocytes in different parts of the particles attracted attention (nucleus clearly the same size, with the same state of chromatin substance and contained one nucleolus). Only a few cells had significantly larger nucleus with 2-4 nucleoli. This was the evidence of some "exhaustion" of cells. Manifestations of extramedullary hematosis were observed everywhere – small foci of hematopoietic cells and blast forms contained in the lumen of the dilated sinusoidal capillaries. Also proliferation of the ductular epithelium was observed in some triads.
Thus, the data of research showed that in light of the pathology induced by DOX, lipid peroxidation intensified (increase of TBA-reagents in serum and homogenate liver relative to the intact group), were observed cytolytic syndrome (significant hyperenzymemia transaminase relative to intact group), hyperglycemia, inhibition of protein synthesis and urea formation liver function, morphologically signs of hypoplastic changes defined that is characteristic of the DOX action.
Selected for the study objects aminosugar GA h/ch and CA+Q leveled the hepatotoxic effect of DOX, although with varying degrees of severity. The studied compounds inhibited lipid peroxidation , which manifested a significant decrease of TBA-reagents in serum and liver homogenate relative to the control group pathology: GA h/ch reduced these parameters in 1,2 and 1,5 times, and CA+Q – in 1,2 and 1,8 times , respectively. Reference substance Q reduced the level of TBA-reagents in serum and liver homogenate in 1,1 and 1,4 times, respectively. The activity enzyme of ALT and AST in serum of rats was decrease under the influence of all the studied compounds (Table 1). Administration CA+Q animals, caused to a possible reduction of the activity of ALT and AST respectively in 1,8 and 2,1 times, and the administration of GA h/ch – in 1,5 and 1,6 times relative to the control group. In the group of animals treated with reference substance Q level of ALT was in 1,2, and the level of AST was in 1,3 times lower than in the control group pathology. The content of total protein in serum groups of animals treated with the compounds and reference substance, significantly increased in 1,1 times relative to the control group pathology, indicated a certain protein synthesis recovery of liver function. Also it was observed urea formation the restore of liver function in groups of animals treated with GA h/ch, CA+Q and reference substance Q: the concentration of urea was higher, respectively in 1,1, 1,2, 1,1 times relative to the control group. The content of glucose in serum of rats in the group of animals treated with CA+Q, no different from the group of intact animals. In the groups of animals treated with GA h/ch and reference substance Q, there was a probable reduction of glucose 1,1 times relative to the control group.
Administering rats the studied compounds and reference substance also had a positive effect on the morphofunctional state of the liver. In the liver of most animals treated with CA+Q, were clearly diminished cytolytic changes of hepatocytes, signs of necrosis were not monocellular, was saved external boundary plate, were reduced hemodynamic disturbances. Markedly severity anisonucleosis and the number of dual cells increased (Fig. 2). Number of nucleolus to 2-3 was often increased in the nucleus. These morphological processes indicated activation compensatory processes in the organ under the influence of a CA+Q. In the liver of rats that were injected GA h/ch, signs of lysis of nucleus, small-drop vacuolization cytoplasm hepatocytes monocellular necrosis of cells, failure hemodynamics were observed in 50% of the studied animals. There were slightly increased manifestations extramedullary hematosis. The less expressive were anisonucleosis and content dual cells (Fig. 3). The changes in the remaining animals were more moderate. It should be noted that the severity of the protective action of GA h/ch was slightly higher than this in Q. However, GA h/ch and Q in comparation with CA+Q, showed less positive effect on the manifestation of toxic effects of DOX in the liver.
Thus, the administering of GA h/ch and CA+Q radically changed the intoxication of DOX. Both compounds showed hepatoprotective effect, that reflected in the inhibition of lipid peroxidation (TBA-reducing reagents in serum and homogenate liver relative to the control group pathology), stabilization membranes of cells (decreased activity of ALT and AST relative to control group), activation of protein and urea formation liver function and normalized the morphofunctional state of the liver in rats. Summary data of the experiment showed that GA h/ch, and reference substance yielded similar action in CA+Q. This can be explained by the complex influence of components of CA+Q in doxorubicin-induced liver injury, especially the presence of antioxidant, anticytolytic and membrane stabilizing effect. This spectrum of pharmacological activity, in general, causes pronounced hepatoprotective effect, which makes the CA+Q perspective drug for further study as a corrector of hepatotoxicy of anthracycline antibiotics.
Conclusions
1. Administration rats in doxorubicin in cumulative dose of 20 mg/kg leads to the development of toxic liver injury, that manifested increased levels of TBA-reagents in serum and homogenate liver activity of enzyme ALT and AST, inhibition of protein and urea formation function the liver, the development of hyperglycemia and failure of the morphofunctional state of the liver in rats with signs of hypoplastic processes.

2. Studied compounds – aminosugar glucosamine hydrochloride and combination of aminosugars glucosamine hydrochloride and N-acetylglucosamine with quercetin – reduced the severity of the manifestations of toxic liver injury by doxorubicin, that was confirmed by normalization of the studied biochemical parameters in serum and homogenate liver and the results of morphological study.

3. Summary of the data indicates that the total rate investigated parameters most significant hepatoprotective effect was showed by combination of aminosugars glucosamine hydrochloride and N-acetylglucosamine with quercetin, that is due to synergism pharmacological action of its individual components.

4. Identified properties justify recommondation of studied combination of aminosugars glucosamine hydrochloride and N-acetylglucosamine with quercetin as effective corrector of hepatotoxic action of anthracycline antibiotics.
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