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the influence OF watermelon pulp lyophilized powder 
ON THE peroxidation processes intensity 
in animals WITH DOXORUBICIN-INDUCED NEPHROPATHY

Resume
The influence of watermelon pulp lyophilized powder (WLP, 150 mg/kg) and the reference drug ‘Canephron H’ (27 mg/kg) on the intensity of peroxidation in blood plasma and renal tissue homogenates of rats under normal conditions and against the background of doxorubicin-induced nephropathy was estimated experimentally. It has been shown that WLP and ‘Canephron H’ exhibit antioxidant properties in rats in the case of pathology, as evidenced by their ability to inhibit the formation of lipid peroxidation products in blood plasma and kidney tissue, as well as to increase the activity of enzymatic antioxidant system. 

Key words: watermelon pulp lyophilized powder, biologically active substances, lipid peroxidation, doxorubicin-induced nephropathy, enzymatic antioxidant system.
World flora of the medicinal plants continues to be one of the most important sources of drugs, as well as many biologically active substances (BAS), which have long been used in traditional medicine [12]. Watermelon is an example of a plant that is of great medicinal importance along with the nutritional value.
Watermelon contains sugars (sucrose, glucose, fructose, maltose) [15, 19], vitamins (С, B1, B2, B5, B9, РР, А, Е, К)  [13, 14], minerals (Ca, Fe, Mg, P, K, Na, Zn, Cu, Mn, Se, F) [7, 14] and organic acids that improve the function of the heart, liver, stomach, kidneys, lungs and increase organism vitality. Also, the watermelon pulp is characterized by high content of amino acids such as arginine, L-citrulline, besides, glutamic acid, tryptophan, threonine, isoleucine, leucine, lysine, methionine, cystine, phenylalanine, tyrosine, valine, histidine, alanine, aspartic acid, glycine, proline, serine are present [7, 14]. The chemical composition also includes carotenoids (β-carotene, β-cryptoxanthin, lycopene, lutein + zeaxanthin) [7, 14, 16], unsaturated fatty acids, phytosterols, flavonoids (quercetin, rutin, kaempferol, luteolin) [7, 20] and other components.
Nephrotropic effects of the aforesaid BAS, especially flavonoids, make it possible to predict the efficacy of watermelon pulp preparations in nephrology [7, 10]. A wide range of pharmacological and therapeutic action of watermelon pulp BAS is of great value in the treatment of kidney diseases, as they often lead to complications causing the damage in other organs and systems. Further studies of the nephrotropic effects of watermelon pulp preparations are necessary. As oxidative stress is of significant importance in the development of pathological changes in kidney, the use of natural antioxidants is the promising approach in the correction of these disorders.
The scientists of our country have developed and tested the technology of watermelon pulp powder obtaining by sublimation. Sublimation technique allows to preserve high quantity of the plant BAS [8, 9], which is a reason to predict a wide range of pharmacological action of watermelon pulp lyophilized powder (WLP). 
The objective of this study is to investigate the influence of WLP on the intensity of lipid peroxidation (LPO) in blood plasma and renal tissue homogenates against the background of doxorubicin-induced nephropathy (DN) in rats.
Materials and methods. The experiments were conducted on 24 male Wistar albino rats (body weight 188.8 ± 4.4 g). The experimental animals were divided into 4 groups as follows: 1 – control rats (n = 6); 2 – untreated DN group (n=6); 3 – DN + treatment with WLP at a dose of 150 mg/kg (n = 6); 4 – DN + treatment with ‘Canephron H’ at a dose of 27 mg/kg (n = 6).
Doxorubicin intraperitoneal administration at a dose of 10 mg/kg, dissolved in saline at a concentration of 1 mg/ml, was chosen as the best way to reproduce the necessary pathology. This scheme allows to reduce lethality in the experimental groups as much as possible, along with the decrease in the risk of necrotic areas at the sites of doxorubicin injection, against the background of clinical manifestations of severe membranous nephropathy. The basis of DN development is the free radical damage of all structures of the kidney filter and, first of all, of the basement membrane [21, 22]. Specifity of doxorubicin chemical structure leads to the formation of large amounts of superoxide radicals (О2–) in internal environment of the body [17]; they primarily cause damage in the membrane structures, the content of which is the highest in the kidney [18].
The investigated drugs was administered daily for an hour before doxorubicin injection. On day 21 of the experiment, the animals were sacrificed under thiopental-induced anesthesia through decapitation, and the kidneys were excised. Decapitation, kidney excision, and homogenization were carried out at a temperature of -2˚C. The excised structures (namely, the kidneys) were placed in an ice cold 0.025 M Tris-HCl buffer (pH 7.4) containing 0.175 M KCl. Homogenates were prepared in homogenizer with teflon pestle, ‘tissue mass – solution volume’ ratio equaled 1:4, then homogenates were centrifuged at 0˚C for 15 min at 8000 rpm to obtain a cytosolic fraction (supernatant without nuclei and mitochondria) in a centrifuge ‘OPN-8.’ This fraction was used for the determination of LPO products (diene conjugates, DC, and thiobarbituric acid reactive substances, TBARS) level and the activity of antioxidant enzymes (superoxide dismutase, SOD, and catalase) [1, 5, 6, 11].
The results of the study were statistically processed using the software Statistica v.6.1 (Statsoft Inc., USA). The main characteristics are given as the number of observations (n), the arithmetic mean (M), standard error of means (m), relative indices (absolute, %), the level of statistical significance (p). Comparison of statistical characteristics of the different groups was performed for the arithmetic means ​​by Student’s t-test. The changes were considered to be statistically significant at p<0.05.
Results and discussion. Analysis of the data in Table 1 shows that against a background of DN there was an activation of LPO processes. LPO products such as DC and TBARS accumulated in the kidney and blood plasma while the activity of antioxidant enzymes SOD and catalase decreased. Under the conditions of DN the reduction of SOD activity by 35.9% (p<0.05) and 29.7% (p<0.05) in blood plasma and kidney respectively was observed in the untreated group. Catalase activity also decreased by 23.5% (p<0.05) in plasma and 28.5% (p<0.05) in the kidney (Table 1, Fig. 1). 
Table 1
Influence of watermelon pulp lyophilized powder 
on prooxidant-antioxidant balance indicators of blood plasma 
in rats with doxorubicin-induced nephropathy (М±m, n=6)
	Indices
	Group 

	
	Control 
	Doxorubicin-induced nephropathy
	Doxorubicin-induced nephropathy + 

WLP, 
150 mg/kg
	Doxorubicin-induced nephropathy + ‘Canephron H,’ 
27 mg/kg

	SOD activity 
in blood plasma, 

units / mg protein
	0.8±0.06
	0.5±0.02*
	0.7±0.03*#
	0.7±0.03*#

	Catalase activity 
in blood plasma, mmol Н₂О₂/ min/ mg protein
	2.3±0.06
	1.8±0.06*
	2.5±0.06*#
	2.5±0.08#

	Diene conjugates 
of  blood plasma, 
nmol/ mg protein
	0.5±0.02
	2.2±0.21*
	1.4±0.12*#
	1.5±0.20*#

	TBARS of  blood plasma, nmol/ mg protein
	0.3±0.02
	1.2±0.05*
	0.8±0.07*#
	0.9±0.06*#



Notes: * – statistically significant differences when compared to control group (р<0.05); # – statistically significant differences when compared to untreated group (DN, р<0.05).
The level of diene conjugates and TBARS in blood plasma increased by 334.2% (p<0.05) and 304.1% (p<0.05), respectively (Table 1). The content of these substances in kidneys also increased up to 187.5% (p<0.05) and 67.1% (p<0.05), respectively (Fig. 1). 
The positive action of drugs was confirmed by the inhibition of lipid peroxidation processes. It is evident from the Table 1 data analysis that WLP and ‘Canephron H’ contributed to the reduction of the level of lipid peroxidation products (both primary and end oxidation products) in experimental animals and increased activity of antiradical enzymes relative to the untreated group.
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Fig. 1. The influence of watermelon pulp lyophilized powder (WLP) at a dose of 150 mg/kg and ‘Canephron H’ at a dose of 27 mg/kg on superoxide dismutase and catalase activity in kidney homogenates of rats with doxorubicin-induced nephropathy 
Notes: * – statistically significant differences when compared to control group (р<0.05); 

# – statistically significant differences when compared to untreated group 
(DN, р<0.05).
 SOD activity in blood plasma increased by 20.7% (p<0.05) and 22.0% (p<0.05) under the influence of WLP and ‘Canephron H’ respectively, relative to the untreated group (Table 1). Similar changes were observed in the kidney: under the influence of WLP SOD activity increased by 32.8% (p<0.05), under the influence of ‘Canephron H’ – by 22.4% (p<0.05), compared with the untreated group (Fig. 1). Catalase activity in blood plasma against the background of WLP and ‘Canephron H’ had practically no differences from the control group value (Table 1)
The statistically significant reduction in the level of toxic products of lipid peroxidation in comparison with the untreated group was registered, namely DC in blood plasma decreased in 35.6% and 32.7% (Table 1), DC in kidney – in 35.7% and 38.8 % (Fig. 2), under the influence of WLP and ‘Canephron H’ respectively. WLP administration promoted the reduction of a cytotoxic TBARS level in blood plasma and kidney of rats by 29.4% (p<0.05) and 25.1% compared with untreated animals values, the administration of ‘Canephron H’ lead to the decrease in this indicator by 22.1% (p<0.05) and 29.3% (p<0.05), respectively (Table 1, Fig. 2).
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Fig. 2. Influence of watermelon pulp lyophilized powder at a dose of 150 mg/kg and "Canephron H" at a dose of 27 mg/kg on the content of diene conjugates and TBARS in kidney homogenates of rats with doxorubicin-induced nephropathy
Notes: 

1. * – statistically significant differences when compared to control group (р<0.05); 
2. # – statistically significant differences when compared to untreated group 
(DN, р<0.05).
The analysis of the study results leads to a conclusion about antioxidant properties of WLP (150 mg/kg) and ‘Canephron H’ (27 mg/kg) on the model of doxorubicin-induced nephropathy. This is evidenced by their ability to inhibit the accumulation of lipid peroxidation products in blood plasma and renal tissue homogenates, while increasing the activity of enzymatic antioxidant system. At the same time, WLP action is more efficient than that of the chosen reference drug. This may be a result of the action of flavonoid quercetin, which is found in watermelon pulp and exerts powerful antioxidant properties. It is known that quercetin preparations exhibit a protective effect on the different models of acute renal failure in rats, prolonging the animals life and preventing morphological changes in the kidney [3]. It has been proven that quercetin containing drug exerts a positive effect on the course of experimental myoglobinuria-associated ARF through the inhibition of lipid peroxidation products formation and activation of antioxidant system links [2]. Quercetin protects kidney proximal tubular cells from hypoxic injury. Its activity may be due to the inhibition of lipid peroxidation.
Conclusions 
1. Doxorubicin-induced nephropathy, caused by intraperitoneal administration of doxorubicin at a dose of 10 mg/kg, is accompanied by a significant activation of lipid peroxidation in plasma and renal tissues of rats. 
2. Experimental therapy with watermelon pulp lyophilized powder (150 mg/kg) and ‘Canephron H’ (27 mg/kg) causes inhibition of lipid peroxidation processes. The drugs exhibit significant antioxidant properties, but watermelon pulp lyophilized powder is more effective because of the presence of a powerful antioxidant quercetin. 
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