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Resume
The influence of watermelon pulp lyophilized powder (WLP) on the status of excretory renal function in experimental doxorubicin-induced nephropathy (DN) was studied 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; 3 – DN + WLP at a dose of 150 mg/kg (n = 6); 4 – DN + ‘Canephron H’ at a dose of 27 mg/kg (n = 6). On day 21 of the experiment, the animals were placed in metabolic cages for two-hour urine collection. Creatinine, urea, sodium, total protein levels were determined in blood plasma and urine. WLP as well as reference drug ‘Canephron H’ exerted nephroprotective effect under the conditions of DN in rats, namely promoted normalization of diuresis and glomerular filtration rate, restored sodium and water reabsorption. WLP decreased content of creatinine in blood plasma, accelerated its excretion, reduced protein loss in urine.
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Introduction. The search of drugs that can protect the body from anticancer chemotherapeutic drugs toxic effects remains an unsolved and relevant problem. Doxorubicin is an anthracycline antibiotic with a wide range of antitumor activity. Its mechanism of action is conditioned by the ability to interact with DNA and inhibit the synthesis of nucleic acids. Doxorubicin has a pronounced immunosuppressive effect. It is highly active against many forms of cancer. This mechanism of action of doxorubicin accounts for a significant antimitotic activity but low selectivity leading to severe side effects [7, 9]. Clinical use of doxorubicin has significant limitations due to the high cardiotoxicity [12, 18], as well as hepatic- and nephrotoxicity [11, 17]. The most common mechanism of toxic kidney damage is associated with the formation of reactive oxygen species as a result of cyclic redox reactions [13, 15], which promote the development of doxorubicin-induced nephropathy (DN) with the damage of all structures of the kidney filter barrier, and especially the basement membrane [8, 14]. The amount of macromolecules that are the constituents of the basement membrane such as glycosaminoglycans and glycoproteins, especially heparan sulfate, decreases, and these substances are the main factor in renal permeability. This leads to proteinuria and other manifestations of nephrotic syndrome [16, 19]. Prolonged administration of doxorubicin may result in glomerulosclerosis and the development of severe renal failure [5].
This experimental model is used for pharmacological screening of the potential nephroprotectors that do not exert rapid effects on renal function. Kidney protection after chemotherapy is possible by means of accompanying phytotherapy [3], which is able to provide antioxidant, membranoprotective and antitoxic effects. Since a chemical composition of the watermelon pulp lyophilized powder (WLP) is represented by membranoprotective, antioxidant, and cytoprotective components [1], it seems reasonable to investigate its influence on DN course.
The objective of this study is to determine the effect of watermelon pulp lyophilized powder on excretory renal function in experimental doxorubicin-induced nephropathy.
Materials and methods. The investigation of the influence of WLP on the status of excretory renal function in experimental DN was 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).

The best way to reproduce this pathology is to administer doxorubicin intraperitoneally at a dose of 10 mg/kg dissolved in saline at a concentration of 
1 mg/ml [4, 8]. The investigated drugs were administered daily for an hour before doxorubicin injection. On day 21 of the experiment, one hour after intragastric administration of the investigated drugs, the rats received fluid loading – saline at a rate of 3 ml per 100 g body weight. Experimental animals were placed in metabolic cages for two-hour urine collection [2]. Manipulations that caused pain in the animals were performed under thiopental-induced anesthesia. Creatinine, urea, sodium, and total protein levels were determined in blood plasma and urine.

The results of the study were statistically processed using the software Statistica v.6.1 (Statsoft Inc., USA) [6, 10]. Hypothesis of data normal distribution was verified by the Kolmogorov-Smirnov criterion. 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. Under the conditions of DN against a background of fluid loading, the disorders of the excretory renal function were observed in rats (Table 1). In the untreated DN group polyuria developed, diuresis was significantly increased by 52.2% (p<0.05) in comparison with control group, hyperazotemia was manifested with the increase in plasma creatinine and urea content by 87.0% (p<0.05) and 25.0% (p<0.05) respectively. Glomerular filtration rate (GFR) was reduced by 61.0% (p<0.05), sodium reabsorption – by 14.1% (p<0.05) and water reabsorption – by 11.9% (p<0.05). There was severe proteinuria, protein level in the urine exceeded the baseline value by 170.0% (p <0.05).
In course administration, WLP contributed to the improvement of the excretory renal function under the conditions of DN. Under the influence of the investigated drug diuresis was reduced by 13.1% (p<0.05) when compared with the untreated group. WLP promoted GFR restoration (106.7%, p<0.05 compared with the untreated group), as well as restoration of sodium and water reabsorption. WLP prevented hyperazotemia development, blood plasma creatinine decreased by 15.2% (p<0.05), the level of urea in blood plasma – by 21.7% (p<0.05) relative to the untreated group with DN. With WLP administration creatinine excretion augmented by 70.0% (p<0.05), urea excretion decreased by 40.0% (p<0.05), when compared with the untreated group with DN. WLP prevented protein loss in urine.

Table 1

Renal effects of watermelon pulp lyophilized powder in rats 
with doxorubicin-induced nephropathy on day 21 of the experiment
 under the conditions of fluid loading (M ± m, n = 6) 

	Indices
	Group

	
	Control 
	DN
	DN + 

WLP, 
150 mg/kg
	DN + ‘Canephron H,’ 
27 mg/kg

	Diuresis, ml/100 g for 2 h
	1.8±0.11
	2.8±0.08*
	2.4±0.05*#
	2.2±0.03*#

	GFR, ml/100g for 1 min
	0.39±0.02
	0.15±0.0*
	0.31±0.02*#
	0.32±0.03#

	Sodium reabsorption, %
	99.9±0.01
	85.9±0.45*
	94.4±0.36*#
	98.8±0.11*#

	Water reabsorption, %
	96.1±0.1
	84.7±0.3*
	93.4±0.3*#
	94.1±0.4*#

	Plasma creatinine, μmol/l
	57.6±0.5
	107.7±2.3*
	91.3±2.6*#
	93.7±3.0*#

	Creatinine excretion, 

μmol/100 g for 2 h
	2.7±0.2
	2.0±0.1*
	3.4±0.2*#
	3.6±0.3*#

	Urine protein, mg/ml
	0.27±0.01
	0.73±0.04*
	0.30±0.02#
	0.33±0.02*#

	Plasma urea, mmol/l
	3.7±0.1
	4.6±0.1*
	3.6±0.1#
	4.0±0.1#

	Urea excretion, 

mmol/100 g for 2 h
	0.1±0.01
	0.5±0.01*
	0.3±0.01*#
	0.2±0.01*#


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 reference drug ‘Canephron H’ promoted polyuria reduction: diuresis decreased by 21.4% (p<0.05) relative to the untreated group with DN. GFR was restored (it exceeded the value of the untreated group by 2.1 times, p<0.05) as well as sodium and water reabsorption. Under the influence of ‘Canephron H’ the reduction of the concentration of creatinine in plasma and increased excretion of this metabolite (by 80.9%, p<0.05 when compared with the untreated group with DN) was observed. Urea level in blood plasma decreased by 13.0% (p<0.05), its excretion – by 60.0% (p<0.05) relative to the untreated group with DN. The content of protein in urine was reduced by 54.8% (p<0.05).

Thus, WLP at a dose of 150 mg/kg exerts nephroprotective effect under the conditions of DN in rats, namely promotes normalization of diuresis and GFR, restores sodium and water reabsorption. WLP decreases content of creatinine in blood plasma, accelerates its excretion, reduces protein loss in urine. By the strengh of nephroprotective effect WLP is not inferior to the reference drug ‘Canephron H.’
Conclusions. The results of the investigation of the excretory renal function in rats have shown that watermelon pulp lyophilized powder exerts a protective action on the kidney under the conditions of doxorubicin-induced nephropathy. These data may experimentally substantiate the expediency of watermelon pulp lyophilized powder use as a nephroprotective drug in clinical practice.
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