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Relevance. The regulation of intracellular and extracellular liquids of the body plays an important role for human life. Water balance occupies central place in the regulation of the composition of body liquids. The higher the plasma osmolality, the lower the concentration of water in it is [11]. The main component that determines the osmolality of plasma is sodium. Patients with disorders of water metabolism hypo- or hypernatraemia are observed [3]. Increased extracellular volume of liquid is characterized by an excess fluid and is accompanied by the formation of edema. The accumulation of fluid occurs in the interstitial space of the lower limbs or pulmonary interstitium. It was found, that the rennin-angiotensin-aldosteron system (RAAS) in the body affects the regulation of fluid and electrolyte homeostasis [1,4]. It participates in the regulation of filtration, renal blood flow, affects glomerular permeability filter for proteins. In tubular transport, the angiotensin-II affects directly stimulating sodium pump, regulates fluid balance affecting sodium reabsorption in distal renal tubules and after the change of glomerular arterioles tone.

The angiotensin-II, increasing the filtration function, leads to the growth of the proximal reabsorption of sodium ions. For volume regulation, an increasing of the aldosterone secretion by angiotensin-II has sense [5].

Important RAAS interactions and effects occur at the tissue and cell levels. Tissue RAAS are prolonged regulation systems that provide stimulating effect on the structure and function of the body. Tonic activity increases gradually and remains high while normalization of rennin and angiotensin-II concentrations in plasma [5]. RAAS is involved in the regulation of the renal function filtering and renal blood flow, and regulates blood pressure in glomerular arterioles and the glomerular permeability of nephrons filter for proteins. Increasing the filtering function of the kidney, angiotensin-II stimulates the growth of sodium reabsorption. For the regulation of aldosterone secretion most essential is angiotensin-II [19].

Recently, new effects of angiotensin-II are discovered. Increased formation of angiotensin-II and aldosterone leads deposition of connective tissue between cardiac muscle fibers and the myocardium density rises [6], left ventricular dilatation is developed together with glomerular hypertension and symptoms of chronic heart failure, the formation of primary urine and urine output are decreased; proteinuria rises, accompanied by the loss of electrolytes [12,13]. To block the plasma RAAS at the tissue level ACE inhibitors are prescribed that have antihypertensive and diuretic effects [17, 20].

Knowledge about the mechanisms regulating water and sodium balance in physiological and pathological conditions, is essential to develop methods of rational diuretics pharmacotherapy [10, 15].

Diuretics (hydrochlorothiazide, furosemide, bufenox, clopamid, ethacrynic acid, etc.) except raised diuretic action have number of undesirable side effects [3,14,16,18]. The negative factors, limiting antihypertensive effect and loop diuretics application, are their stimulating effect on the RAAS and renal sympathetic activity [5,10].

The research for new medicines that improve renal function is relevant problem of modern experimental pharmacology. Synthesis of modified analogues of BAS of natural origin is a priority direction to solve this question. Anti-inflammatory effect of the first synthesized 3-methylxanthine derivatives, normalization of blood rheology is important part of renal function prevention.

The goal of research. The research of benfuram’s effect on the renal function in rats under the conditions of the RAAS suppression with ACE inhibitors.

Materials and methods. The object of study was first synthesized compound under the codename “Benfuram”. The synthesis of the compound was done on Biological Chemistry Department of the Zaporozhye State Medical University under the head of Doctor of Pharmacy, professor M.I. Romanenko.
The study of renal function changes under conditions of hyperhydration (water load – 5% of animal’s body weight; room temperature water was injected into the stomach via the probe) performed on white Wistar rats of both sexes with body weights of 180-210 g by the Ye.B. Berkhin method [2]. After the volume stimulation, rats were committed into individual cells adapted to collect urine for 4 hours. Intact animals that were in the same conditions served as a control. The renal function was characterized by analyzing the dependence between concentration of creatinine in urine and diuresis. Indices were defined as after a single and multiple (7, 14, 28 days) administration of benfuram in dose of 30 mg/kg. ACE inhibitor – enalapril was administered daily at a dose of 10 mg/kg to rats through a stomach tube in 1% starch suspension during 4 days before the experiment. Indices are studied in urine and plasma of animals that characterize renal function [9]. To determine these indicators in the blood plasma of animals, they were taken out of the experiment by decapitation under light ether anesthesia, blood was collected in cooled tubes (heparin was used as a stabilizer), centrifuged for 20 min at 3000 rev/min. The concentration of sodium and potassium ions in urine and plasma was determined on fire photometer PAG-2 [7].

The research is performed under the basic scientific plans of Kharkov Academy of Animal Health and National University of Pharmacy, and is a fragment of research on the topic "Preparation, physical and chemical properties, biological effects, and the effect of xenobiotics on metabolic processes" (state registration № 0198U007008).

The experimental data were processed with conventional methods of variation statistics using Microsoft Office Excel 2003 software. Significance of differences between the experimental groups, we evaluated using Student's t-Criteria [8].

Results. Analysis of the data obtained (Table 1) shows that under the benfuram’s influence the water diuresis of rats increased by 164.2% (p<0.01), after the administration of enalapril a slight rising of diuresis for 41.1 (p<0.05) was observed.

Average values of induced diuresis in the group of animals that were injected by benfuram in dose of 30 mg/kg on a background of RAAS inhibition by ACE inhibitor – enalapril (administered at a dose of 10 mg/kg) were higher than the control at 80.6% (p<0.05). Increased excretion of urine under benfuram occurs with an increase of GFR in 2.03 times. After the enalapril introduction an increase of GFR in 1.32 times (p<0.05) compared with the control group was observed.

In combined introduction of benfuram and enalapril the GFR was lower by 21.4% (p<0.05) than when only benfuram was applied, but it exceeded the data of the control group by 59.3% (p<0.05).

Creatinine – an end product of protein metabolism, is produced in the liver and then secreted into the bloodstream. Since the body excreted creatinine by the kidneys through the urine, so it is an important indicator of renal function [4].

When benfuram was used the creatinine concentration in plasma decreased to 39.8% (p<0.05), and after the use of enalapril it decreased by 23.5% (p<0.05). Introduction of the combination of benfuram and enalapril caused a decrease in the concentration of creatinine in plasma by 12.1% in comparison with the control group of rats. This index was for 27.7% (p<0.05) higher than the results of the experimental data group of rats which were benfuram administered.

Reabsorption of water under combined administration of enalapril and benfuram, probably did not differ from those of controls, but was lower than that for the rats treated with enalapril or benfuram separately. In addition to the analysis of the excretion renal function an ionoregulative renal function was also studied, namely the transport of sodium and potassium ions into the nephron. The obtained results of the study of benfuram’s multiple administration (30 mg/kg) on the ion transport of sodium and potassium into the nephron under the enalapril application are shown in Table 2. Analysis of the results shows that the introduction of benfuram leads to growth in urine sodium concentration by 51.1% (p<0.05), the application of enalapril gives the same on the level of 80.9% (p<0.05), and in combination of benfuram and enalapril – by 93.6% (p<0.05) compared with the control group.

Influenced by benfuram and enalapril the increase in excretion of sodium ions up to 180.5% (p<0.01) and 102.6% (p<0.01), respectively was observed. In single-time combined administration of enalapril and benfuram the excretion of sodium ions increased by 139.6% (p<0.01) compared with the control group. Relative reabsorption of sodium ions under the influence of benfuram was significantly lower than the data of control and other research groups. Calculations of reabsorption of sodium ions for animals that were injected by benfuram and enalapril indicate the obvious decrease as the proximal (in 2.4 times) and distal transport of sodium ions (in 1.52 times) compared to control.

Under the suppression of the RAAS with combined application of benfuram in a dose of 30 mg/kg and enalapril in a dose of 10 mg/kg there is an increase in the volume of urine excreted, that occurs mainly by reducing of water reabsorption and increasing excretion of sodium ions from urine. It was found, that the single application of benfuram causes the intensity of the proximal and distal transport of sodium ions; enalapril affects just on proximal one.

Conclusions. 1. Influenced by benfuram the creatinine concentration in plasma decreased by 60.2%, urinary excretion increased by 164.2%, GFR increased by 2.03 times, and after administration of enalapril the creatinine concentration in plasma decreased by 23.5%, urine output increased by 41.1% and GFR increased 1.32 in times.

2. Under the combined administration of benfuram and enalapril in conditions of the RAAS suppression, the volume of urine excreted rises because of water reabsorption decrease and increasing excretion of sodium ions in the urine at 180.5% and 102.6%, respectively.

3. Benfuram, when applied separately, reduced the transport of sodium ions in the proximal tubule in 2.4 and in distal – to 1.52 times compared with the control; enalapril reduced only in the proximal part.
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Table 1

The influence of multiple administration of benfuram on the renal excretion function in rats when enalapril is also applied (M±m; n=10)
	Indices
	Control
	Benfuram
	Enalapril
	Benfuram
and

Enalapril

	Diuresis, 
ml/2 hour
	3.19±0.05
	8.43±0.17*
	4.50±0.08*
	5.76±0.19*

	Plasma creatinine concentration, mmol/l
	68.47±1.16
	41.25±3.14*
	52.38±1.18*
	60.20±2.74*/**

	GFR, mkl/min
	364.25±12.54
	738.12±71.12*
	481.32±21.52*
	580.16±35.21*

	Water reabsorption, ml
	93.17±0.31
	95.13±0.47*
	98.12±0.11*
	94.68±0.28*/**

	Protein urine excretion, mg/2 hour
	0.26±0.02
	0.09±0.011*
	0.07±0.008*
	0.22±0.06*/**


Notes: 

*   – р < 0.05 compared to control.

**  – р ( 0.05 compared to benfuram.

Table 2
The influence of multiple administration of benfuram on the ionregulated renal function when enalapril is also applied (M±m; n = 10)

	Indices
	Control
	Benfuram
	Enalapril
	Benfuram

and

Enalapril

	Na+ urine concentration, mmol/l
	0.47±0.06
	0.71±0.04* 
	0.85±0.06* 
	0.91±0.14*

	Na+ excretion, mkmol/2 hour
	1.54±0.12
	4.32±0.20* 
	3.12±0.11* 
	3.69±0.64*/***

	К+ concentration, 
mkmol/2 hour
	3.82±0.18
	6.76±0.50* 
	6.12±0.31* 
	6.42±0.24*

	К+ excretion, mkmol/2 hour
	12.12±0.41
	23.27±3.14*
	20.12±1.17*
	17.38±1.37*

	Na+ relative reabsorption, %
	99.91±0.01
	99.95±0.01*
	91.04±0.02*
	95.38±0.03*

	Proximal Na+ transport, 
mmol/2 hour
	4.12±0.21
	9.87±1.24*
	11.21±0.29*
	10.58±0.84*

	Distal Na+ transport, 
mmol/2 hour
	382.64±6.59
	584.67±6.79* 
	397.16±4.84** 
	402.11±4.56**


Notes: 

*   – р < 0.05 compared to control.

**  – р < 0.05 compared to benfuram.

*** – р < 0.05 compared to enalapril.

УДК 615.011:547.857.4
В.И. Корниенко, Б.А.Самура 
ВЛИЯНИЕ БЕНФУРАМА НА ФУНКЦИЮ ПОЧЕК ПРИ УГНЕТЕНИИ ДЕЯТЕЛЬНОСТИ РЕНИН-АНГИОТЕНЗИН-АЛЬДОСТЕРОНОВОЙ СИСТЕМЫ 
Проведено исследование влияния бенфурама на деятельность почек в условиях угнетения активности ренин-ангиотензин-альдостероновой системы. Установлено, что под воздействием бенфурама водный диурез у крыс повысился на 164,2%. Усиление экскреции мочи под действием бенфурама происходит при повышении СКФ в 2,03 раза. Концентрация креатинина в плазме крови снижалась на 60,2%, а при использовании эналаприла уменьшилась на 23,5%. После введения эналаприла наблюдали повышение СКФ в 1,32 раза по сравнению с контрольной группой. В условиях угнетения активности РААС под воздействием бенфурама и эналаприла наблюдали увеличение экскреции ионов натрия с мочой на 180,5% и 102,6%, соответственно. Бенфурам уменьшал проксимальний транспорт ионов натрия в 2,4 раза и дистальный –в 1,52 раза по сравнению с контролем. Эналаприл уменьшал транспорт ионов натрия только в проксимальном отделе нефронов почек.
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ДІЯЛЬНОСТІ РЕНІН-АНГІОТЕНЗИН-АЛЬДОСТЕРОНОВОЇ СИСТЕМИ 

Проведено дослідження впливу бенфурама на діяльність нирок за умов пригнічення активності ренін-ангиотензін-альдостеронової системи. Встановлено, що під впливом бенфураму водний діурез у щурів підвищівся на 164,2%. Посилення екскреції сечі під дією бенфураму відбувається при зростанні ШКФ в 2,03 рази. Концентрація креатиніну в плазмі крові знижувалася на 60,2%, а при використанні еналаприлу зменшилася на 23,5%. Після введення еналаприлу спостерігали підвищення ШКФ в 1,32 рази порівняно з контрольною групою. В умовах пригнічення активності РААС під впливом бенфураму і еналаприлу спостерігали збільшення екскреції іонів натрію з сечею на 180,5% і 102,6%, відповідно. Бенфурам зменшував проксимальний транспорт іонів натрію в 2,4 рази і дистальний - в 1,52 разив в порівнянні з контролем. Еналаприл зменшував транспорт іонів натрію тільки в проксимальному відділі нефронів нирок.
Ключові слова: бенфурам, еналаприл, екскреція сечі, реабсорбція води, натрію, креатинін, швидкість клубочкової фільтрації.
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BENFURAM’S EFFECT ON THE RENAL FUNCTION UNDER SUPPRESSION OF THE RENNIN-ANGIOTENSIN-ALDOSTERON SYSTEM

The research of benfuram’s effect on the renal function under suppression of the RAAS was conducted. It was found out that under the influence of benfuram the water diuresis rises on 164.2% for rats. Increase of urine excretion under the influence of benfuram takes place at the GFR growth in 2.03 times. The creatinine concentration in blood plasma decreased on 60.2%, and when enalapril is used diminishes on 23.5%. After enalapril administration the increase of GFR in 1.32 times was observed compared to the control group. Under the conditions of RAAS suppression together with benfuram’s and enalapril’s action the increase of sodium ions with urine on 180.5% and 102.6%, respectively was observed. Benfuram diminished the proximal sodium ions transport in 2.4 times and distal – diminished in 1.52 times compared to the control. Enalapril diminished the sodium ions transport only in the proximal tubule of renal nephrones.
Keywords: benfuram, enalapril, urine excretion, water reabsorption, sodium reabsorption, creatinine, GFR.
