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INFLUENCE OF THE ORGANOSPECIFIC PEPTIDES ON SOME PATHOGENETIC PATHWAYS OF THE CISPLATIN-INDUCED KIDNEY INJURY 

RESUME

The influence of the organospecific peptides on prooxidant-antioxidant balance, succinate dehydrogenase activity in kidney tissue and gamma-glutamyl transpeptidase activity in rats’ urine under the conditions of cisplatin-induced kidney injury was studied. It was estimated that organospecific peptides show the antioxidant properties, render the protective effect on the proximal tubular cells and improve the energy metabolism in kidneys.
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INTRODUCTION
About 18-27% of acute kidney failure (AKF) cases are the results of pharmacotherapy [7]. Cisplatin is one of the most potent chemotherapeutic agents, but the main limiting factor in the use of this drug is nephrotoxicity observed among one third of the patients [11, 12]. Oxidative stress is one of the most important pathways of pathogenesis of the cisplatin-induced kidney injury. The main targets for cisplatin are the mitochondria of the S3 segment of the proximal convoluted tubules where it causes disturbances of the respiratory chain and generation of the reactive oxygen species (ROS), closely related to the development of the energy deficiency [13, 15]. Succinate dehydrogenase (SDH) is the key enzyme of the Krebs cycle related to the ATP generation, thus the decrease of its activity indicates on the disturbances of the aerobic metabolism. After penetration to cell cisplatin binds to glutathione and is metabolized by the gamma-glutamyl transpeptidase (GGTP) to toxic reactive thiol. Intensified expression of GGTP in kidneys leads to the increased sensitivity to toxic action of cisplatin [10], so increased enzyme activity in urine is the earliest specific marker of proximal tubules injury [14]. Therefore search of the renoprotective medicines able to affect the main mechanisms of the cisplatin-induced kidney injury and to decrease the nephrotoxicity is actual [1].
Endogenous peptides possess wide spectrum of the biological action, influence the processes of cell growth and development, and coordinate functions of the multicellular systems. It was estimated that short peptides affect the expression of the nuclear and mitochondrial genes responsible for the regulation of the cell metabolism and defense systems [8].  One of the most important regulatory function of the endogenous peptides is limitation of the free radical processes and support of the antioxidant system in the ability to counteract the oxidative stress [3, 9]. For our research we have chosen peptides synthesized in the St.-Peterburg institute of Bioregulation and gerontology RAMS: polipeptide kidney complex, synthesized on a base of its study tripeptides T-31 (Ala-Glu-Asp) and Т-35 (Glu-Asp-Leu), and pineal tetrapeptide with similar structure epitalon (Ala-Glu-Asp-Gly).
THE AIM OF THE RESEARCH
To study the prooxidant-antioxidant balance in kidneys, SDH activity in kidney tissue, and the GGTP activity in urine under the conditions of cisplatin-induced kidney failure in rats and use of organospecific peptides in the pre- and co-treatment regimen. 
MATERIALS AND METHODS
The study was carried out on 42 non-linear white rats in weight 150-200 g. Animals were divided into six equal groups (n=7): I group – control, II group – animals with cisplatin-induced AKF. Animals of the III-VI groups were injected with organospecific peptides during 4 days before and 3 days after the administration of cisplatin: rats of the III group were injected with polipeptide kidney complex in a dose 300 (g/kg, animals of the IV group were injected with tripeptide T-35 in a dose 3 (g/kg, animals of the V group were injected with tripeptide T-31 in a dose 3 (g/kg, animals of the VI group were injected with tetrapeptide epitalon in a dose 7 (g/kg. Cisplatin-induced AKF was caused by single intraperitoneal injection of cisplatin in a dose 6 mg/kg 72 hours before the termination of the experiment [5]. Euthanasia was performed under the ether anesthesia.
GGTP activity was determined in the reaction with L-(-glutamil-p-nitroanilid [2]. State of peroxidation in kidneys was estimated by the malon dialdehyde (MDA) and oxidative modification of proteins (OMP) contents, state of antioxidant system – by the catalase (CAT) and glutathione peroxidase (GPx) activities [4]. SDH activity was determined by the intensity of the potassium ferricyanide reduction [6].
Statistical analysis was performed with SPSS Statistics 17.0 software. Group means were compared using parametric Student’s t-test (for normal distribution) and non-parametric Mann-Whitney U-test (in case of non-normal distributions). Correlation was determined using Spearman coefficient. The level of significance was accepted with p≤0.05.

RESULTS AND DISCUSSION
Development of the cisplatin-induced AKF was characterized by the significant decrease of antioxidant enzymes activity (tabl.) GPx activity was decreased by 43%, CAT activity – by 56% (p≤0.01). It was accompanied with the activation of the peroxidation of proteins and lipids in the kidney tissue – MDA content increased by 47%, OMP by 42% (p≤0.01). Significant degree of kidney tubular cells injury was confirmed by the increase of urine GGTP activity (pic. 1) by 96%  and decrease of the SDH (pic. 2) activity by 58% (p≤0.01). The use of peptide kidney complex and epitalon didn’t affect GPx activity in kidneys, but increased CAT activity by 1.5 times in the III group and by 1.6 times in the VI group comparing with group of modeled AKF. Opposite effect was seen with the use of kidney oligopeptides: in the IV group of rats the GPx activity increased by 1.6 times, in the V group – by 1.5 times comparing with the group of untreated animals (p≤0.01). CAT activity didn’t increase significantly in these groups. Analysis of the prooxidant system has shown the corrective influence of all studied peptides on the state of peroxidation in kidney tissue. In the group of animals treated with peptide kidney complex the MDA content was significantly decreased by 1.3 times, OMP content – by 1.7 times (p≤0.01) comparing with group of modeled AKF. The use of epitalon decreased MDA content by 1.4 times, OMP content – by 1.7 times (p≤0.01). More significant effect was observed in IV and V groups (use of oligopeptides T-35 and T-31): MDA content decreased by 1.8 times (p≤0.01) in both groups, OMP content decreased under the influence of T-31 by 2.1 times comparing with modeled AKF group, and by 1.2 times comparing to control (p≤0.01). Use of T-35 led to decrease of OMP content by 2.5 times comparing to II group of animals and by 1.4 times comparing to I group (p≤0.01).
Table
INDICES OF THE PROOXIDANT-ANTIOXIDANT BALANCE 

IN THE KIDNEY TISSUE (М±m)
	Index 
	Control 
	Modeled AKF
	AKF + peptide complex  
	AKF + 

Т-35 
	AKF + 

Т-31
	AKF + 

epitalon

	GPx activity, nmol/min×mg of tissue
	140.70±6,07
	80.38±11.06
р1≤0.01
	97.78±5.52
	130.67±7.64

р2≤0.01
	124.57±3.36

р2≤0.01
	98.92±6.52

	CAT activity, (mol/min×g of tissue
	8.59±0,02
	3.78±0.67

р1≤0.01
	5.64±0.26

р2≤0.01
	4.34±0.21
	4.08±0.27
	6.24±0.63
р2≤0.01

	MDA content, 

(mol/g of protein
	19.08±0,40
	36.41±1.64
p1≤0.01
	27.80±1.21
р2≤0.01
	20.22±1.00

p≤0.01
	20.26±1.05

р2≤0.01
	26.96±1.04
р2≤0.01

	OMP content, 

o.d.u./g of protein
	9.47±0,27
	16.71±0.64
р1≤0.01
	10.09±0.29
р2≤0.01
	6.57±0.24
р1≤0.01
р2≤0.01
	7.81±0.50
р1≤0.01
р2≤0.05
	10.61±0.67
р2≤0.01


Remark: р1 – index of the significance of difference with control group; р2 - index of the significance of difference with modeled AKF group.
Protective effect of organospecific peptides on kidney tissue is confirmed by the significant decrease of GGTP urine activity in III group by 9.2 times (p≤0.01), in IV group – by 14.9 times (p≤0.01), in V group – by 2.3 times (p≤0.05) and in VI group – by 7.9 times (p≤0.01). Increase of SDH activity by 50% (p≤0.01) in III group, by 53% (p≤0.01) in IV group, and by 26% (p(0.05) and 54% (p≤0.01) – in V and VI group, respectively, indicates on the improvement of the aerobic metabolism in kidneys under the influence of the organospecific peptides. 
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Pic. 1. GGTP activity in urine, mmol/(h×l). 

Remark (to pic. 1 and 2): * - р<0.05 relatively control;
** - р<0,05 relatively modeled AKF.
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Pic. 2. SDH activity in kidney tissue, nmol/mg of protein/min. 

The negative correlation was found between the SDH activity and MDA content (r=-0.7), and between SDH and GGTP activity (r=-0.7) in the group of animals treated with epitalon. In the group of animals treated with T-35 the negative correlation between GPx and GGTP activity (r=-0.5), and between SDH and GGTP activity (r=-0.6), and positive correlation between SDH and GPx activity (r=0.4) were found. The established correlation indicates the influence of the oligopeptides on different pathogenetic mechanisms of AKF.
CONCLUSIONS
The use of organospecific peptides under the conditions of the cisplatin-induced kidney injury has revealed their antioxidant properties combined with normalizing influence on the energy state of kidney tissue and protective effect on the proximal tubular cells. More significant nephroprotective effect was shown by oligopeptide T-35.
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