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A COMPARATIVE ANALYSIS OF TUBULUPROTECTIVE EFFECTS OF THE REPRESENTATIVES OF DIFFERENT CLASSES OF ION CHANNEL MODULATORS UNDER THE CONDITIONS OF CHRONIZATION OF TOXIC NEPHROPATHY

RESUME

In experiments on laboratory white rats we have studied the changes of renal functions under the conditions of 5% water induced diuresis after intraventricular administration of flocalin and diltiazem suspension (5 mg/kg, 7 days) starting from 30th day of sublimate nephropathy (5 mg/kg, single subcutaneous injection). It has been shown that administration of adenosine triphosphate-sensitive potassium channels opener flocalin increased creatinine excretion, decreased natriuresis, and elevated proximal sodium reabsorption. The use of calcium channels blocker diltiazem has lead to increase of diuresis, decrease of filtration function as well as relative tubular water reabsorption, and absolute and relative sodium reabsorption. In comparison with flocalin diltiazem inhibited tubular processes in the proximal part of nephron, that caused water and sodium loss by kidneys. After the assessment of kidney functions after administration of ion channel modulators we may presume that tubuloprotective component is an important pathogenetic mechanism of protective effect of KATP channel activator flocalin under the conditions of chronization of sublimate nephropathy.
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Kidneys are particularly vulnerable to exposure to nephrotoxins that is explained by specificity of renal hemodynamics as well as by the activity of many local enzyme transport systems in elimination of xenobiotics and/or their metabolites. The toxic damage mostly affects the proximal part of nephron which is responsible for the basic processes of reabsorption of filtrated toxins, proteins, water, electrolytes etc. Primary damage of epithelium of proximal tubules with the further disintegration in the medullary interstitium, cortex and papillae, becomes the main element of chronization of nephropathy. It results in decrease of renal concentration ability [2]. The direct relation of the degree of tubular dysfunction to progression of renal pathology forms a background for the search of medicines with the tubular component of renal protective effect. In this aspect the interest in pharmacological modulators of ion permeability of cell membranes has markedly increased. The premise in rational usage of different classes of potassium channel activators and calcium channel blockers (CCB) lies in interdependent activity of both types of channels in the mechanisms of endogenous protection from hypoxia and ischemia. The results of our previous research have shown that adenosine triphosphate-sensitive potassium (KATP) channel opener flocalin and CCB diltiazem have different nephroprotective effects at the initial stages of experimental renal failure [4, 9]. In the present research we aimed to study the changes in kidney functions with the assessment of the functional state of tubular part of nephron after administration of flocalin and diltiazem under the conditions of chronization of toxic nephropathy with the predominantly tubular damage.

MATERIALS AND METHODS

The experiments were made on 24 laboratory non-linear white rats 0.15-0.17 kg of weight that were kept on hyponatremic diet with the free access to the tap settled water. Toxic kidney damage was modeled by a single subcutaneous injection of 0.1% sublimate solution at a dose of 5 mg/kg. On the 30th day of sublimate nephropathy we started intraventricular injection of flocalin suspension (5 mg/kg) and diltiazem (Sanofi, France, 5 mg/kg) on 1% starch solution (5 ml/kg). Injections were repeated daily during 7 days. The control group of rats with sublimate nephropathy received the same amount of the solvent. In 30 minutes after the last injection all the rats received 5% water load and then were placed into exchange cages. Euthanasia was performed according to the requirements of European Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes (86/609EEC). Urine and plasma sodium and potassium concentrations were measured with photometric method. Urine creatinine level was assayed with Folin’s method, plasma creatinine level – with Popper method in Mayerson modification [1]. Urine protein was determined by the reaction with sulfosalicylic acid [6]. Indexes of renal functions were calculated with formulae [7]. Statistical analysis was done with “Statgrafics” with Student’s t-test.
RESULTS AND DISCUSSION

After a seven-day injection of flocalin to the rats with sublimate nephropathy we observed a decrease of urination by 43.6% (p<0.01). The glomerular filtration rate (GFR) did not differ significantly from untreated rats. With the invariable filtration volume the decrease of diuresis resulted from the increase of permeability of tubular wall for water. Relative reabsorption increased by 5.3% (p<0.001), clearance of sodium-free water reduced by 43.5% (р<0.01). The excretion function of kidneys under the influence of flocalin was characterized by the elevation of concentration index by 73.4% (p<0.001) and endogenous creatinine excretion by 11.7% (p=0.05). Activation of KATP channels of cellular membranes led to intensification of secretory activity of renal tubules. Most likely due to an increase in creatinine secretion in the proximal segment of nephron it’s concentration in urine grew by 103.9% (p<0.001).

The assessment of ion regulation kidney function has shown that the use of potassium channel activators starting from the 30th day after injection of sublimate led to the decrease of urine sodium concentration by 68.4% (р<0.05) and 4.5-fold diminishment of cation concentration index. Natriuresis decreased by 82.1% (р<0.05), as well as excretory function of cation. Clearance of sodium ions diminished by 85.3% (р<0.05). Sodium preservation was a result of a balanced influence of flocalin on the processes of tubular reabsorption. Proximal transport of sodium ions increased by 17.3% (р<0.05), cation reabsorption in distal segment of nephron decreased by 33.3% (р<0.05). The analysis of the indexes of transtubular transport of sodium ions standardized by volume of glomerular filtrate has also shown an elevation of proximal electrolyte reabsorption by 22.7% (р<0.01) and diminishment of distal electrolyte reabsorption by 33.6% (р<0.01). 

The effect of diltiazem was characterized by the increase of diuresis by 19.7% (р<0.01) in rats with sublimate kidney injury. The decrease of GFR by 45.5% (р<0.01) excluded the leading role of glomerular factor in diuretic impact of diltiazem. Relative tubular reabsorption of water decreased by 15.1% (p<0.01), excretion of osmotically free water decreased by 20.1% (p<0.01). We have found a diminishment of urine creatinine concentration in comparison with untreated rats (by 22.3%, p<0.05) and with the rats that received flocalin (by 61.9%, p1<0.001). Creatinine excretion did not differ significantly from control, but it was 16% lower than after KATP channel activator administration.

After diltiazem was injected the rats with sublimate nephropathy demonstrated a 35.8% decrease of filtration load with sodium ions (p<0.01). Urine concentration of electrolyte and natriuresis did not vary significantly from original values. Excretory fraction of sodium ions diminished by 9.1% (p<0.05). The comparison of the indexes of tubular transport of the main osmotically active cation with the groups with the investigated compounds has demonstrated natriuretic activity of diltiazem. Compared to flocalin, the filtration load with sodium ions decreased by 42.7% (p1<0.01). However, urine concentration of cation increased by 134.3% (p1<0.001), sodium concentration index raised 2.5-fold (p1<0.01), and sodium clearance and natriuresis were 5 times higher (p1<0.001). According to the dynamics of filtration load, we have noted a fall of absolute sodium reabsorption and significant reduction of relative reabsorption.

The further study of tubular processes has shown that injection of diltiazem to the rats with sublimate nephropathy resulted in diminution of proximal reabsorption by 45% (p<0.01) and a 164.8% growth of distal reabsorption of sodium ions (p<0.01). After the comparison with the values obtained in flocalin treatment group (Figure) we have found a 53.2% decrease of proximal transport (p1<0.001) and a 114.3% increase of distal transport (p1<0.001). The analogous tendency persisted after recalculation of the indexes per 100 µL of glomerular filtrate. The standardized rate of sodium excretion was 9.6-fold higher (p1<0.001) than in rats that received flocalin while proximal tubular reabsorption rate was 18.7% lower (p1<0.01). Distal reabsorption of sodium ions grew by 264.8% in comparison with initial value (p<0.01) and by 298.8% compared with the value after flocalin injection (p1<0.001).   
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Figure. The effect of flocalin and diltiazem (5 mg/kg, 7 days) on tubular reabsorption of sodium ions under the conditions of chronization of sublimate nephropathy. * – significance of differences compared to sublimate nephropathy, ** – significance of differences between the groups of treated rats (р < 0,05).

Analysis of results of our research has confirmed the variability of renal function changes after administration of flocalin and diltiazem under conditions of chronization of sublimate nephropathy. The surest mechanism of renal effect of flocalin is a pronounced change of tubular processes. One of the reasons for this change is significant inhibition of sodium reabsorption caused by sublimate-induced blockade of energy supply for sodium transport in proximal tubules. KATP channels opening provided oxidative metabolism in renal epithelium, compensated the need in energy and oxygen, increased the endurance of renal tissues to hypoxia. We cannot exclude a certain role of hemodynamic changes in the tubuloprotective effect of flocalin. It refers to vasodilation which is peculiar to all potassium channels activators and is strongly pronounced in fluorine-containing representatives [8]. Renewal of sodium reabsorption in the proximal segment of nephron reflected on tubular-tubular interrelation. It led to the reduction of distal sodium reabsorption but first of all provided positive sodium balance.

Nephroprotective effect of flocalin was confirmed by standardized indexes of transtubular transport of sodium ions. Elevation of proximal sodium reabsorption index in terms of glomerular filtration gives evidence of the increase of the functionally active nephrons which contribute to activation of excretory kidney function after injection of KATP channels activator. It should be mentioned that the timeframe of experiment corresponded to the late period of polyuritic stage of sublimate nephropathy and development of tubulointerstitial syndrome. Maintenance of GFR may be considered a protective reaction to compensatory hyperfiltration under the influence of flocalin. This reaction is stimulated in the functioning neurons and it is a leading mechanism of progression of toxic nephropathy with the development of renal failure.   

Cytoprotective effect is one of the additional characteristics of clinical efficacy of CCB group. The reduction of calcium flow through voltage-dependent channels counteracts vascular constriction and has significant protective influence when ATP-dependent removal of calcium from the damaged cells becomes attenuated. However, the results of our research have demonstrated a decline of filtration and proximal reabsorption processes, diminution of endogenous creatinine clearance influenced by diltiazem. There is a possibility that under the conditions of sublimate-induced structural and functional damage administration of diltiazem activated passive calcium inflow and/or cation outflow from the intracellular depot. Thereby the nephroprotective effects that are inherent in CCB were not realized [10-12]. The fact of considerable fall of GFR and decrease of sodium filtration load gives evidence that compared to flocalin diltiazem has a less pronounced ability to maintain one of the renal mechanisms of homeostasis regulation, i.e. functional renal reserve [3]. At the same time the decrease of GFR could be a response to the weakening of effectiveness of proximal reabsorption of sodium and water [7].  Urinary reaction in the late poliuritic period of sublimate nephropathy was likely a consequence of diminution of reabsorption of equivalent amount of electrolytes rather than a result of activation of volume regulating kidney function. Inhibition of proximal reabsorption of sodium ions excluded the possibility of intervention of diltiazem in the mechanisms of secondary ischemic damage of proximal segment of nephron by angiotensin II. At the same time a decrease of excretory fraction of sodium ions and significant increase of distal reabsorption of electrolyte indicates preservation of the balance in the tubulo-tubular processes.  

CONCLUSIONS 

1. A seven-day injection of KATP channel activator flocalin to the white rats with the model of chronization of sublimate nephropathy resulted in the growth of excretion and creatinine concentration index, decrease of natriuresis, increase of proximal reabsorption of sodium ions.
2. Compared to flocalin, CCB diltiazem inhibited tubular processes in the proximal segment of nephron, that resulted in water and sodium loss by the kidneys.
3. The comparison of renal functions after the use of ion channel modulators flocalin and diltiazem allows us to assume that tubuloprotective effect is an important pathogenetic mechanism of protective influence of KATP channel activator under the conditions of chronization of sublimate nephropathy.
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